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Abstract
In most studies of facial attractiveness perception, judgments are based on whole face
images. Here we investigated how attractiveness judgments from parts of faces compare to
perceived attractiveness of the whole face, and to each other. We manipulated the extent and
regions of occlusion, where either the left/right or the top/bottom half of the face was
occluded. We also further segmented the face into relatively small horizontal regions
involving the forehead, eyes, nose, or mouth. The results demonstrated the correlated nature
of face regions, such that an attractiveness judgment for one face part can be highly
predictive of the attractiveness of the whole face or the other parts. The left/right half of the
face created more accurate predictions than the top/bottom half. Judgments involving a larger
area of the face (i.e., left/right or top/bottom halves) produced more accurate predictions than
those derived from smaller regions, such as the eyes or the mouth alone, but even the smallest
and most featureless region investigated (the forehead) provided useful information. The
correlated nature of the attractiveness of face parts shows that perceived attractiveness is
determined by multiple covarying cues that the visual system can exploit to determine

attractiveness from a single glance.
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Public Significance Statement: This study investigates the contribution of different face
regions to the perceived attractiveness of a face by asking whether different regions make
independent contributions to a face's attractiveness, or whether they offer similar information.
Although it is commonly assumed that judging facial attractiveness requires inspection of a
full face image, our experiments show that even a relatively small part of a face can be
sufficient for an observer to infer how attractive the face is; the level of attractiveness of each
part of a face is often highly similar to that of other parts of the face. This facilitates the rapid
perception of facial attractiveness in what can sometimes be a relatively chaotic natural

environment.
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Predicting Attractiveness from Face Parts Reveals Multiple Covarying Cues

Facial attractiveness can be determined from remarkably brief presentations that are
effectively a single glance (Bar et al., 2006; Liu & Chen, 2018; Locher et al., 1993; Saegusa &
Watanabe, 2016; South Palomares & Young, 2018; Willis & Todorov, 2006). Rightly or
wrongly, perceived attractiveness can dominate first impressions and exert a profound
influence on our judgements of unfamiliar individuals (Dion et al., 1972; South Palomares &
Young, 2019; Todorov et al., 2015).

Research on the perceptual determinants of judgments of facial attractiveness has mainly
been conducted within an evolutionary framework and sought to identify specific cues that
make a face attractive (Rhodes, 2006). The most well-known of such cues are symmetry
(Scheib et al., 1999; Thornhill & Gangestad, 1993), averageness (Langlois et al., 1994;
Baudouin & Tiberghien, 2004; Rubenstein et al., 2002; Valentine et al., 2004) and sexual
dimorphism (Perrett et al., 1998). The dominant methods used in such studies focus on the
perceived attractiveness of whole face images. As such, they seem to involve an implicit
assumption that these cues are accrued from the whole face. For example, the role of symmetry
is usually studied by comparing attractiveness judgments of original whole faces that are not
perfectly symmetrical with the versions of the same faces that are made mirror symmetric
through graphic manipulations. The effect of averageness is usually studied by comparing the
attractiveness of original whole faces with the average of these faces created through morphing.
Similarly, the role of sexual dimorphism is studied by comparing original photographs of whole

faces with feminised or a masculinised versions of these faces.
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This reliance on whole face stimuli leaves open questions concerning the contributions
of different regions of the face and different facial features to overall perceived attractiveness.
Whilst a minority of previous studies have investigated the attractiveness of different parts of
the face and how these may contribute to initial stages of impression formation (Liu & Chen,
2018; Saegusa & Watanabe, 2016; Orghian & Hidalgo, 2020), they have mainly been
concerned with the contribution of different face regions; for example, with whether the eyes
have a particularly important role. As such they have not directly addressed the issue of how
closely evaluation of the whole face relates to the attractiveness of its parts. Could part of a
face itself be sufficient for judging facial attractiveness, or can attractiveness only be inferred
from combining information across different face regions? To address this issue, we
investigated how well attractiveness judgments from parts of faces can predict perceived
attractiveness of the whole face itself, and how far the attractiveness of different parts of faces
correlate with each other. Our particular focus was of interest was thus on whether the
attractiveness of each part of the face will covary with the other parts, in which case the
attractiveness of the whole face should be largely predictable from its constituent parts.
Covariation between the attractiveness of different face parts is of theoretical importance
because it could be used to support flexible ways of determining attractiveness in what can
sometimes be a relatively chaotic natural environment. Moreover, covariation would be useful
if the brain relies on predictive coding mechanisms to support face perception (Huang & Rao,
2011; Johnston et al., 2016, 2017). We therefore tested explicitly the extent to which such

covariation exists.
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Recent studies certainly suggest that multiple cues combine to determine the overall
perceived attractiveness of a facial image (Holzleitner et al., 2019; Said & Todorov, 2011;
Sutherland et al., 2013; Vernon et al., 2014). However, all of these studies follow the normal
approach of presenting whole face images. Here, we introduce a complementary procedure that
involves presenting face parts and establishing how closely the attractiveness of the separate
parts relates to that of other parts and to the perceived attractiveness of the whole face. This is
of interest not only because in everyday lives we sometimes make judgments of attractiveness
from partially occluded faces (Liu & Chen, 2018; Orghian & Hidalgo, 2020) - in the words of
the song, we may see a stranger across a crowded room - but especially because it can offer a
direct approach to addressing questions concerning the role of different cues and any
corresponding cue complementarity.

In the case of symmetry, for example, it might be expected that some parts of a face can
inform about the whole face simply because the information is roughly duplicated bilaterally.
This has been noted in the literature concerning both face identity (Troje & Biilthoft, 1998) and
attractiveness (Thornhill & Gangestad, 1993). Scheib et al. (1999) have demonstrated a positive
relationship between women's attractiveness ratings of male faces and symmetry, even when
only the left or right half of the male faces that contained minimal symmetry cues were rated.
However, because their main interest was in how attractiveness ratings of the left or right halves
correlated with overall symmetry of the same faces, they did not investigate how closely
attractiveness judgments made from incomplete stimuli related to judgements of the whole face.

More importantly, little is known about whether perceived attractiveness of a part predicts
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perceived attractiveness of the other parts or the whole face when information about bilateral
symmetry is not sufficient. For instance, although the appearance of one eye may be used to
infer the other with the assumption that they have approximately the same shape, information
about an eye is not inherently useful for inferring the shape of the nose or the mouth. Inferences
made of a partially occluded face or an isolated face part in a case like this are likely to rely on
information other than bilateral symmetry.

Since the face can be occluded in many ways in which an exposed region is not a mirror
reflection of the hidden part, these offer an interesting test of how far attractiveness can be
predicted without invoking bilateral symmetry. Indeed, it seems likely that information other
than bilateral symmetry allows for reasonable inferences. For example, the closeness of a face
to a population average, which is often regarded as a strong criterion of facial attractiveness
(Langlois et al., 1994; Baudouin & Tiberghien, 2004; Rubenstein et al., 2002; Valentine et al.,
2004), may be correlated locally in the sense that if one part of a face resembles an average,
the other parts are likely to be the same. Viewers may use this as an assumption in their
inferential process when they judge attractiveness from an occluded face. Sexual dimorphism,
which also contributes significantly to attractiveness (Perrett et al., 1998), may also be inferred
from local features of a face in similar fashion. These assumptions about the correlated nature
of face parts may be built on prior experience.

The brain may also employ individual properties of a face to infer whole face
attractiveness from an exposed region. For example, skin texture and contrast, both being

important elements for determining facial attractiveness (Jones et al., 2004; Fink et al., 2006;
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Russell et al., 2016), will usually be correlated across different parts of a face. A viewer may
therefore use these as a cue for assessing the rest of a face when only a part of it is visible.
The current study, therefore, focused on how observers can use various facial regions to
predict whole face attractiveness when only a part of it is exposed, and the extent to which the
attractiveness of different parts of the face are correlated with each other. To investigate these
issues Experiment 1 assessed inferences of facial attractiveness based on the left/right half of
the face, Experiment 2 studied inferences based on top/bottom half of the face, and Experiment
3 investigated these based on isolated facial features, which exposed much smaller areas of the

face. Finally, Experiment 4 replicated the main pattern of findings with a different set of stimuli.

Experiment 1

The aim of this experiment was to assess how well attractiveness of the whole face and of
the complementary half face could be predicted from the left or right half of the face. This
experiment used a similar paradigm to Scheib et al. (1999), but focused on the question of how
well judgement of the attractiveness of each half predicted the perceived attractiveness of the
whole face, rather than on the correlation of attractiveness rating for each half with the physical
symmetry of the face. The experiment also differed from Scheib et al.'s study in that we asked
our participants to rate the attractiveness of female faces rather than asking female participants
to rate attractiveness of male faces. Whereas their main interest was the role of symmetry in
potential mate choice, our main interest was the perception of facial attractiveness per se,

without a specific focus on how such perceptual judgements are related to physical health and
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mate choice.

In Experiment 1, then, participants separately rated attractiveness of the left or right halves
of the face and a whole face version. Their ratings for these were compared to each other to see
how closely the ratings from the partial and entire face were similar to each other.

We analysed the findings in two ways that address different issues. First, a by participants
analysis was used to check that participants did indeed rate the high attractiveness items as
more attractive than the low attractiveness items, to see whether part faces were rated as more
attractive than whole faces, and to determine whether this applied both to relatively more
attractive and to relatively less attractive faces. Second, we used correlational and regression-
based analyses of the average ratings for each item to investigate our primary question of the
extent to which the attractiveness of the whole face can be predicted from the attractiveness of
its parts.

Method

Participants. To establish sufficient power (.80) for detecting the effect of Visible Region
in the analysis of rating difference (Experiments 1, 2 and 4A: number of conditions = 3,
Experiments 3 and 4B: number of conditions = 5; = 0.25), the required minimum sample size
as estimated by GPower was N =29 for Experiments 1, 2 and 4A, and N = 25 for Experiments
3 and 4B.

A total of 31 undergraduate students (28 females) aged between 18 and 24 years, Mdn =
21, participated in this experiment. All had normal or corrected-to-normal vision. The study

was conducted in accordance with the APA's guidelines on the treatment of human participants
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and was approved by the local ethics committee.

Materials. Face stimuli were developed from a face database from the University of St.
Andrews. It contained 702 frontal-view Caucasian faces. Each face came with two versions.
One version was the original without cropping, and the other was a cropped version to mask
the hair and external features. To eliminate the influence of differences in hairstyle and confine
evaluations to facial features per se, only the masked version was used in this study. All faces
were pre-rated for facial attractiveness, which were based on 19 raters on a 7-point scale. Only
female faces were used in this study.

To establish sufficient power (.80) for detecting a medium effect (R? = .25) of multiple
regression with 2 predictors, the required sample size of Experiments 1, 2 and 4A as estimated
by GPower was N = 34. Similarly, the required sample size of Experiments 3 and 4B with 4
predictors was N = 42. The required sample size in Experiment 1, 2, 3 and 4 for the correlation
with effect size » = .5 was N = 29. In addition to determine whether the manipulation in this
study affects attractive and unattractive faces equally, we selected the 24 most attractive and
24 least attractive female faces as our stimuli. The mean attractiveness ratings for these two
groups of faces (4.11 and 2.23, SD = 0.51, 0.49 respectively) were significantly different from
each other (p <.001). The use of a total set of 48 items is at the upper limit of many previous
studies of perception of facial attractiveness (Rhodes, 2006) and, together with the number of
participants tested, led to 1,488 observations per condition, which is consistent with Brysbaert
and Stevens' (2018) recommendations for mixed effects designs.

The face width of the original images was normalized to 400 pixels, which subtended 16.6°
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of visual angle. Each face was also cut vertically along the middle section of the nose and lip
brow to create two half-face versions. Figure 1 shows an example of the three versions (A-C).
The manipulation resulted in 48 left halves (where we consider the left half as the half of the
photograph falling to the viewer's left) and 48 right halves. Along with the 48 whole faces,
there were a total of 144 stimuli in the experiment.

Design and procedure. We employed a within-participant design. Two independent
variables were Visible Region (Left, Right, Whole), and Level of Attractiveness (attractive vs.

unattractive). The dependent variable was the attractiveness rating on a 7-point scale.

Figure 1. Examples of the stimuli. A: whole face, B: left half, C: right half, D: top half,

E: bottom half, F: forehead, G: eyes, H: nose, I: mouth.

Participants were tested individually. Instructions were given on a computer screen. The
face stimuli were displayed one at a time in the centre of the screen. A 1-7 scale was shown at
the bottom of the screen. Participants were instructed to rate the attractiveness of the face or
face part presented using the scale, where 1 represented very unattractive and 7 represented
very attractive. If the stimulus was a face part (e.g., left half), the rating task was to judge the

attractiveness of face part, but not of any imagined whole face. Participants used a computer



PREDICTING ATTRACTIVENESS FROM FACE PARTS 12

mouse to click on the chosen point in the scale. The three conditions of each face identity (left
side, right side, whole face) were shown in separate blocks, which were separated by a one-
minute break. Each image was randomly assigned to one of the three blocks, such that the three
conditions from different persons (e.g., Mary’s whole face, Rose’s right half and Diana’s left
half) were intermixed in each block. For example, Mary’s whole face, Rose’s right half and
Diana’s left half might appear in the same block, but the three image versions of Mary’s face
wouldn’t appear in the same block. The order of the 48 face identities was randomised for each
participant in the first block of trials. Thus, the attractive and unattractive faces were intermixed
in each block. The face identities in the second and third blocks followed the same order of
presentation as those in the first block, so that the three versions of a face identity were
maximally separated from each other in the experiment. This was done to minimise the
potential influence of prior memory of the rating given to one version of a face and to encourage
a response based on perceived attractiveness of the specific version rather than the memory of
a previously given response.
Results

Analysis of Rating Differences. Following the analysis strategy outlined above, we begin
with a conventional analysis of the data by participants. Mean ratings across participants as a
function of Visible Region (left side, right side, whole face) and Attractiveness (high or low)
are shown in Figure 2. A two-way repeated-measures analysis of variance (ANOVA) showed
significant main effects of Visible Region, F (2, 60) =47.12, p <.001, #°, = .61, 95% CI of #°,

[.44, .70], and Attractiveness, F (1, 30) = 311.56, p <.001, %, = .91, 95% CI of 5°, [ .84, .84].
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These main effects were qualified by a significant interaction, F (2, 60) = 4.13, p = .02, %,
=.12, 95% CI of #°, [.002, .26].

To analyze the interaction, we conducted simple effect analyses by Attractiveness. For
Attractive faces, there was a significant effect of Visible Region, F' (2, 60) = 32.17, p < .001,
n’p = .52, 95% CI of #°, [.32, .63]. Pairwise comparisons with Bonferroni correction showed
that the right half was rated more attractive than the left half (»p = .02), which was in turn rated
more attractive than the whole face (p <.001). For Unattractive faces, the main effect of Visible
Region was also significant, F (2, 60) = 31.88, p < .001, #°, = .52, 95% CI of #°, [.32, .63].
Pair-wise comparisons again showed higher attractiveness ratings for the right half than for the

left half (p = .001), which was in turn rated more attractive than the whole face (p <.001).
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Figure 2. Mean ratings as a function of Visible Region and Attractiveness in Experiment
1. Error bars: one standard error of the means with correction factor appropriate to a
within-participant design (O'Brien & Cousineau, 2014).
Both attractive and unattractive faces thus showed a similar pattern of results in the simple

effects analyses. As expected, the level of Attractiveness clearly had a substantial overall effect
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(Figure 2). As the lower limit of effect size 95% CI (.002) indicates, the interaction between
Visible Region and Attractiveness was a relatively small effect which was likely due to a
slightly larger difference between the ratings of the right half and the whole face for attractive
faces (see Figure 2).

Regression Analysis of Predicting Whole Face Attractiveness from Parts. Analysing
differences in mean ratings provides an important context to the findings of the experiment,
but our principal interest was in how closely the attractiveness ratings of the face parts were
related to the perceived attractiveness of the whole face. To approach this issue, we used
regression analysis to assess whether parts could predict whole face.

We calculated the consistency of ratings across different participants; i.e. whether
participants agreed with each other sufficiently that their average rating of each item would be
meaningful. This was necessary because whilst ratings of the attractiveness of whole faces
usually show good inter-rater agreement (Todorov et al., 2015), the same might not hold for
face parts.

Usually, studies in this area use Cronbach's alpha as a measure of rater agreement, and this
gave high values of .97 for whole faces, .97 for left halves, and .97 for right halves. However,
because the appropriateness of using Cronbach's alpha in this way has been questioned (Schmitt,
1996; Kramer et al., 2018), we also calculated absolute agreement based on the intra-class
correlation ICC(A, k). Values were again high; .95 for whole faces, .95 for left halves, and .96
for right halves.

We then sought to address our principal aim of determining the extent to which the
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attractiveness of the whole face can be predicted from the attractiveness of its constituent parts
by establishing how strongly the average ratings of a particular face from one condition were
correlated with ratings of the same face from a different condition. Correlations between the
average rated attractiveness of the part faces and the average rated attractiveness of the whole

face images are presented as scatterplots in Figure 3.
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Figure 3. Scatterplots for Correlations Between Average Ratings (across participants) of
Corresponding Items from each Condition in Experiment 1. 95% CIs shown in brackets,

*#% p <.001 following Benjamini-Hochberg correction.

These averaged ratings were strongly correlated. The correlation was .96 between ratings
of left and right half face, .97 between ratings of left half and whole face, and .96 between
ratings of right half and whole face. All were highly significant following application of the
Benjamini-Hochberg procedure with a false discovery rate of .05 to correct for multiple

comparisons.
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We also used a regression analysis to assess how well the attractiveness of the whole face
could be predicted from its left or right half. Results with the stepwise method are shown in
Table 1, where for convenience they are given alongside the results from later Experiments 2,
3 and 4. The stepwise method applies both forward and backward rules to include or remove
variables, and will include only “significant” predictors.

Table 1. Multiple Regression Analyses for Predicting the Whole Face Attractiveness from

Face Parts across Experiments 1 to 4.

Experiment  Visible Region B SEB B t p
Left half .62 .10 .67 6.20 <.001
1 Right half .29 10 .32 2.96 .01
Top half .65 .06 .56 10.75 <.001
? Bottom half .60 .07 48 9.22 <.001
Mouth .59 .06 .60 10.61  <.001
3 Eyes .38 .05 40 7.39 <.001
Forehead .23 11 .10 2.18 .04
Nose <.01 <0.01 1.00
IA Top half .70 .08 .65 9.02  <.001
Bottom half 33 .07 35 4.87  <.001
Eyes 59 .08 .62 719  <.001
- Mouth 35 .08 .38 445  <.001
Forehead -.15 -1.43 162
Nose .28 1.74 .090

For Experiment 1, either the left or the right half of the face alone predicted the whole face
attractiveness, F’s (1, 46) = 814.41 and 507.97, p’s <.001, adjusted R*’s were .95 and .92, 95%

CI of R? were [.90, .97], [.85, .95], respectively. When the two halves were combined,
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prediction for the whole face attractiveness improved, and together they explained a greater
proportion of variance in whole face attractiveness, adjusted R*> = .95, F(2, 45) = 479.99, p
<.001, 95% CI of R’ [.91, .97].

Discussion

Results in this experiment showed that either the left or right half of a face alone can predict
the attractiveness of the whole face. Moreover, the rated attractiveness of one half of the face
was highly correlated with the attractiveness of the other half (» = .96). Since faces are only
partly asymmetric (Acheib et al., 1999; Rhodes, 2006), this latter result is perhaps unsurprising,
but it offers a useful context to findings that will be reported in Experiments 1 and 2, where the
parts tested are no longer even approximate mirror images of each other.

Both attractive and unattractive faces were rated more attractive when only half of the face
was shown, relatively to the whole face. The effect of this was slightly bigger for attractive
faces. For both attractive and unattractive faces the right side of faces was rated as more
attractive.

The fact that the left or right sides presented in isolation were judged as being slightly more
attractive than the whole faces is consistent with ideas about the importance of bilateral
symmetry (Scheib et al., 1999), since the whole faces will be slightly asymmetric but when
presented with only a left or right side it will be reasonable to overestimate symmetry by
assuming that the other side would be much the same. However, this strategy should not work
when the top or bottom of a face is used to estimate the features of the other half because there

are not symmetrical features across the vertical dimension of the face. Can attractiveness of the
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top half or the bottom half predict attractiveness of the whole face or of the other part face
without using any symmetrical information across the two halves? This question was examined

in the next experiment.

Experiment 2

The purpose of this experiment was to examine whether the main findings of Experiment
1 could be replicated when the visible half did not contain any symmetrical information of the
invisible half. Participants rated attractiveness of the top and bottom halves of a face and the
results were compared to each other and to the rated attractiveness of the whole face.

Method

Participants. A total of 31 university students (Mdn age 20 years, range 18-27 years, 30
females) participated in this experiment. All had normal or corrected-to-normal vision.

Materials. The same 24 attractive and 24 unattractive face identities as Experiment 1 were
used. Again, each original face was used to create two other versions, but this time either the
bottom or top the half of the face was masked. Figure 1 (examples D and E) illustrates this
manipulation.

Design and procedure. These were also identical to Experiment 1, except that the Left
and Right Half of independent variable Visible Region were replaced with Top and Bottom
Half.

Results

Analysis of Rating Differences.
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The mean attractiveness rating results are show in Figure 4. ANOVA showed significant
main effects of Visible Region, F(2, 60)=4.47, p=.02, #°,= .13, 95% Cl of %, [.01, .27], and
Attractiveness, F(1, 30) = 282.19, p < .001, 5°, = .90, 95% CI of 5°, [.82, .93]. These effects
were qualified by a two-way interaction, F(2, 60) = 15.09, p <.001, #°, = .34, 95% CI of #°,

[.14, 48].
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Figure 4. Mean ratings as a function of Visible Region and Attractiveness in Experiment
2. Error bars: one standard error of the means with correction factor appropriate to a

within-participant design (O'Brien & Cousineau, 2014).

To identify the source of the interaction, we conducted simple effects analyses separately
for the two Attractiveness conditions. For Attractive faces, there was a significant main effect
of Visible Region, F(2, 60) = 3.19, p = .05, °, = .10, 95% CI of #°, [0, .23]. Pairwise
comparisons showed no reliable differences among the conditions. For Unattractive faces, there

was also a main effect of Visible Region, F(2, 60) = 14.39, p < .001, °, = .32, 95% CI of #°,
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[.13, .47]. Pairwise comparisons showed that both Top and Bottom were rated more attractive
than the whole face. No difference was found between ratings of Top half and Bottom half.
However, the difference among Top half, Bottom half and whole face may be small for
attractive faces as the small lower limit of effect size 95% CI (0) indicates.

Regression Analysis of Predicting Whole Face Attractiveness from Parts. We again
calculated inter-rater agreement using Cronbach's alpha and the intra-class correlation ICC(A,
k). Values were again high; Cronbach's alpha .98 for whole faces, .97 for top halves, and .96
for bottom halves, ICC(A, k) .97 for whole faces, .95 for top halves, and .95 for bottom halves.

Turning to the key issue of how well the attractiveness of the face could be predicted from
its constituent parts, scatterplots for the correlations between the average rated attractiveness

of the part faces and the average rated attractiveness of the whole face images are presented in

Figure 5A.
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Figure 5. Scatterplots for Correlations Between Average Ratings (across participants) of
Corresponding Items from each Condition in Experiment 2 (panel A) and Experiment 4A
(panel B). 95% Cls shown in brackets, *** p <.001 following Benjamini-Hochberg

correction.
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Figure 5A shows that the average rating of top-half faces was strongly correlated with the
rating of the bottom-half, » = .70, although the strength was lower than the near perfect left-
right half correlation found in Experiment 1 (» = .96). Ratings for both top and bottom halves
were highly correlated with ratings for the whole face, ’s = .91, and .88, respectively, although
the strengths were again lower than for left/right-whole correlations, which were .97 and .96,
respectively in Experiment 1. All of these correlations were highly significant following
application of the Benjamini-Hochberg procedure with a false discovery rate of .05 to correct
for multiple comparisons.

A regression analysis showed that either the top or the bottom half of the face alone
predicted the whole face attractiveness, F'’s (1, 46) = 207.03 and 159.01, p’s <.001, adjusted
R? were .81 and .77, 95% CI of R? were [.69, .89], [.62, .86], respectively. When combined,
both the top half and the bottom half significantly predicted the whole face attractiveness (see
Table 1), and they together explained a significant proportion of variance in whole face
attractiveness, adjusted R>= .93, F(2, 45) = 335.11, p <.001, 95% CI of R? [.88, .96].
Discussion

Results in this experiment showed that the top and bottom half of the face alone provide
reasonably accurate prediction of the whole face attractiveness. Although the predictions made
from these single parts were less accurate than from the left/right half of the face, the prediction
from the top and bottom halves increased significantly when both parts were taken into

consideration.
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Whilst the correlation between rated attractiveness of the face parts themselves (» = .70)
was lower than that between the top half and the whole face (» = .91) or the bottom half and
the whole face (» = .88), it none the less accounted for 49% of the variance in ratings even
though the top and bottom halves are not mirror images of each other.

Unlike Experiment 1, where left/right parts were rated more attractive than the whole face,
top/bottom parts in this experiment were not clearly different from the whole face for the
attractive faces, although both parts were rated more attractive than the whole face for
unattractive faces. Despite some of these differences, both Experiments 1 and 2 showed how
well attractiveness of the whole face can be estimated from just half of the image, whether it
was from left/right half, or from top/bottom half. In Experiment 3 we further investigated
whether prediction about the whole face attractiveness could be made from even smaller
regions of the face.

Experiment 3

In this experiment, we used a modified version of Santos and Young’s (2011) 'isolated
region' method to segment faces horizontally into four local regions: forehead, eyes, nose, and
mouth. Each of the four regions was exposed through a rectangular opening while rest of the
face was masked (see Figure 1, examples F-I). Given the importance of the eye and mouth
regions in perception of attractiveness, we predicted that these regions would be more
important predictors for whole face attractiveness relative to other regions.

Method

Participants. Fifty-six university students (Mdn age 21 years, range 19-29 years, 40
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females) participated in the experiment. All had normal or corrected-to-normal vision.

Materials. The same faces as Experiments 1 and 2 were used in this experiment. However
the face parts were segmented differently. Each of the 48 faces was segmented into four regions:
the forehead, eyes, nose, and mouth region. Along with the whole face, this resulted in a total
of 240 images (48 % 5). Example stimuli of the four segmented face regions are given in Figure
1 (examples F-I).

Design and procedure. This was a within-participant design. The two factors were Visible
Region (forehead, eyes, nose, mouth, and the whole face) and Attractiveness (attractive vs.
unattractive).

The procedure was essentially the same as in Experiments 1 and 2, except that two
additional blocks of 48 trials were added to accommodate the five conditions of the visible
region variable. As in the first two experiments, each trial within one block showed a unique
face image, and a different image version of each face was presented in a different block. The
randomisation procedure was also the same as before, hence all conditions were mixed in each
block. The 48 face identities with five visible region conditions led to a total of 240 trials. All
other aspects of the procedure and task were identical to the first two experiments.

Results

Analysis of Rating Differences. The mean attractiveness ratings of this experiment are
shown in Figure 6. The main effects were significant for both Visible Region, F(4, 224) =46.05,
p <.001, 7%, =.45,95% Cl of °, [.35, .52] and Attractiveness, F(1, 56) = 441.52, p < .001, »°,

= .89, 95% CI of #°, [.83, .92]. There was also a significant a two-way interaction, F(4, 224) =
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97.18, p < .001, 5% = .63, 95% CI of %, [.56, .68].

B2 Forehead
B Eyes

4 1 e @ Nose

ik OMouth

B Whole

Attractiveness Rating
I

%

Attractive Unattractive

Figure 6. Mean ratings as a function of Visible Region and Attractiveness in Experiment
3. Error bars: one standard error of the means with correction factor appropriate to a within-

participant design (O'Brien & Cousineau, 2014).

Simple effects analyses showed significant effect of Visible Region for both attractive
faces, F(4, 224) = 82.36, p < .001, #°, = .60, 95% CI of #°, [.51, .65], and unattractive faces,
F(4, 224) = 20.30, p < .001, #°, = .27, 95% CI of 5°, [.16, .35]. Pairwise comparisons with
Bonferroni correction were used to further analyze these main effects. For attractive faces, the
eyes were rated significantly more attractive than everything else (p’s <.004), followed by the
mouth and the whole face, which were not rated differently from each other (p =.92), but were
both rated more attractive than the nose and the forehead (p’s <.001). The forehead was rated
significantly lower than all other regions (p’s < .001). For unattractive faces, pairwise

comparisons yielded fewer significant differences. Ratings were comparable for the eyes and
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the nose (p = 1.00), but both were rated more attractive than for forehead, the mouth, and the
whole face (p’s < .006). While the mouth was rated more attractive than the whole face (p
=.002), it was not rated differently from the forehead (p = .13), which was also rated the same
as the whole face (p = 1.00).

The two-way interaction can be also seen to involve varying degrees of difference between
ratings of the corresponding face region in the two attractiveness conditions. For example the
ratings for the forehead region of attractive and unattractive faces showed a much smaller
difference (0.33) than other regions, such as between ratings for the eyes (1.56) or mouth region
(1.54). Interestingly, however, paired ¢ tests for these comparisons revealed that even the
smallest difference (i.e., the forehead region) showed a statistically higher rating for the part
from attractive faces, #(56) = 6.84, p <.001, Cohen’s D =0.37, 95% CI of D [0.25, 0.51].

Regression Analysis of Predicting Whole Face Attractiveness from Parts. We again
calculated inter-rater agreement using Cronbach's alpha and the intra-class correlation ICC(A,
k). Values were again high; Cronbach's alpha .98 for whole faces, .93 for the forehead
region, .98 for eye region, .92 for nose region, and .98 for mouth region, ICC(A, k) .97 for
whole faces, .87 for the forehead region, .96 for eyes, .84 for the nose region, and .97 for the

mouth.
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Figure 7. Scatterplots for Correlations Between Average Ratings of Whole Face, Forehead,

Eyes, Nose and Mouth Regions in Experiment 3 (panel A) and Experiment 4B (panel B).

95% ClIs shown in brackets, **p < .01, *** p < 001 following Benjamini-Hochberg

correction.

Figure 7A shows that the average ratings of face parts and whole face were often strongly

correlated, where significance levels are based on application of the Benjamini-Hochberg
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procedure with a false discovery rate of 0.05 to correct for multiple comparisons. The scales
for rated attractiveness of the forehead and nose regions have been adjusted in Figure 7A to
reflect the limited (and relatively low) range of rated attractiveness of these regions.

As Figure 7A shows, the average rating score for the whole face was positively correlated
with average ratings of mouth, eyes, nose (#’s = .91, .84, .52, respectively, p’s <.001), but not
with forehead (r = .23, p = .124). In addition, the ratings of the attractiveness of all of the face
regions except the forehead were significantly correlated with each other.

A regression analysis showed that the mouth, eyes, or nose alone predicted the whole face
attractiveness, F’s (1, 46) = 218.65, 107.47, 17.35, p’s <.001, adjusted R*’s were .82, .69, .26,
95% CI of R? were [.70, .89], [.51, .81], [.07, .47], respectively. However the forehead didn’t
significantly predict the whole face attractiveness, F(1, 44) = 2.46, p = .124, adjusted R>’s
were .05, 95% CI of R? were [0, .23] Based on the 95% CI of effect size, the nose or forehead
might contribute to the attractiveness of whole face, but the effect might be smaller. When
combined, only the mouth, the eyes and the forehead significantly predicted the whole face
attractiveness (see Table 1), and they together explained a significant proportion of variance in
whole face attractiveness, adjusted R> = .92, F(3,44)=191.75, p <.001, 95% CI of R’ [.86, .95].
Discussion

The results of this experiment show that the isolated eyes, mouth, nose and forehead
regions can each predict the attractiveness of whole faces, but some of these face regions
provide better estimates of whole face attractiveness than others, as indicated by R%. The mouth

and the eye regions were the most effective predictors (R?= .82, .69), whereas in contrast the
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forehead provided less information about the whole face attractiveness (R?=.24). However, it
is worth noting that even the rating scores for the forehead of attractive faces were significantly
higher than those of unattractive faces, and that every region of the face was correlated to some
degree both with overall attractiveness of the whole face and with the attractiveness of each of
the other regions.
Experiment 4

In the previous three experiments, we used only female faces, some of which might use
makeup which might have influenced our findings since cosmetics can be used to emphasise
sex differences in facial contrast (Russell, 2009). To tackle this potential problem, male faces
from a publicly available face database were used in Experiment 4, since males are less likely
to use to makeup. Experiments 1-3 also used stimuli selected only from the attractive or
unattractive ends of the continuum of facial attractiveness. To explore the possibility that this
bimodal distribution might also have influenced the findings of Experiments 1-3, Experiment
4 used 90 male faces with attractiveness scores falling along a normal continuum. Considering
the relatively low variance of left, right and whole faces, only the conditions of Experiment 2
and 3 were replicated in Experiment 4. Experiment 2 was replicated in Experiment 4A, whereas
Experiment 3 was replicated in Experiment 4B.
Method

Participants. Forty-one Chinese university students (Mdn age 20.5 years, SD=2.2, range
18-25 years, 24 females) participated in the experiment. All had normal or corrected-to-normal

vision.
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Materials. We adopted stimuli from the CUHK Face Sketch Database (CUFS, Wang &

Tang, 2009, http://mmlab.ie.cuhk.edu.hk/archive/facesketch.html). This database has 134

male faces of students of the Chinese University of Hong Kong (CUHK), and 90 faces were
selected after excluding those older students and non-Chinese ethnicity. Each of the 90 faces
were segmented into bottom and top halves (Experiment 4A) or forehead, eyes, nose, and
mouth regions (Experiment 4B). Along with the whole face, this resulted in a total of 630
images (90 x 7).

Design and procedure. To replicate Experiments 2 and 3, there were two within-
participant designs with one repeated-measure independent variable: Experiment 4A, Visible
Region (bottom half, top half, and whole face); Experiment 4B, Visible Region (forehead, eyes,
nose, mouth, and whole face).

The procedure was essentially the same as in Experiments 2 and 3, except that the stimuli
were faces from the CUFS database.

Results
The attractiveness ratings of this experiment are shown in Table 1. The attractiveness

scores of the whole faces ranged from 1.85 to 4.76 with a mean of 3.53 (SD = 0.61).

Table 2. Ratings as a function of Visible Region in Experiment 4 (Nitem= 90).
Visible region Minimum Maximum Mean Std. Error

Whole 1.85 4.76 3.53 .06
Bottom 1.90 4.39 3.00 .04
Top 2.32 5.98 4.00 .08
Forehead 2.27 4.51 3.54 .04
Eyes 1.88 5.56 3.96 .08
Nose 2.71 4.39 342 .04

Mouth 2.10 4.39 2.98 .04
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We again calculated inter-rater agreement using Cronbach's alpha and the intra-class
correlation ICC(A, k). Values were again high. In Experiment 4A, Cronbach's alpha .99 for
whole faces, .99 for bottom half, .98 for top half, ICC(A, k) .98 for whole faces, .99 for
bottom, .97 for top. In Experiment 4B, Cronbach's alpha .99 for the forehead region, .99 for
eye region, .99 for nose region, and .99 for mouth region, ICC(A, k) .98 for whole faces, .99

for the forehead region, .98 for eyes, .99 for the nose region, and .99 for the mouth.

Analysis of Rating Differences -- Experiment 4A:

The main effects were significant for Visible Region, F(2, 178) =97.45, p <.001, #°,= .52,
95% CI of #°, [.42, .60]. Pairwise comparisons showed that top halves were more attractive
than the whole face, and the whole face was more attractive than bottom halves (p’s <.001).

Analysis of Rating Differences -- Experiment 4B:

The main effects were significant for Visible Region, F(4, 356) = 56.65, p < .001, #°,
=.39, 95% CI of 5°, [.32, .44]. Pairwise comparisons showed that eyes were more attractive
than other parts and whole face (p’s <.001); the whole face and forehead were similar in
attractiveness (p = .885), but both were more attractive than nose and mouth (p’s <= .05); and

nose more attractive than mouth (p <.001).

Regression Analysis of Predicting Whole Face Attractiveness from Parts --
Experiment 4A

Figure 5B shows that the average rating of top-half faces was strongly correlated with the
rating of the bottom-half, » = .84, and ratings for both top and bottom halves were highly
correlated with ratings for the whole face, ’s = .95, and .90, respectively.

A regression analysis showed that either the top or the bottom half of the face alone

predicted the whole face attractiveness, F'’s (1, 88) = 365.00 and 159.91, p’s < .001, adjusted



PREDICTING ATTRACTIVENESS FROM FACE PARTS 31

R? were .90 and .81, 95% CI of R? were [.85, .93], [.72, .87], respectively. When combined,
both the top half and the bottom half significantly predicted the whole face attractiveness (see
Table 1), and they together explained a significant proportion of variance in whole face
attractiveness, adjusted R>= .94, F(2, 87) = 300.64, p < .001, 95% CI of R? [.90, .96].

Regression Analysis of Predicting Whole Face Attractiveness from Parts -
Experiment 4B

As Figure 7B shows, the average rating scores for the whole face were positively correlated
with average ratings of mouth, eyes, nose and forehead. In addition, the ratings of the
attractiveness of all of the face regions were significantly correlated with each other.

A regression analysis showed that the mouth, eyes, nose or forehead alone predicted the
whole face attractiveness, F’s (1, 88) = 167.01, 280.65, 279.22, and 83.91, p’s <.001, adjusted
R*s were .81, .88, .87 and .68, 95% CI of R? were [.72, .87], [.81, .92], [.81, .91], [.55, .77],
respectively. When combined, only the mouth and eyes significantly predicted the whole face
attractiveness (see Table 1), and they together explained a significant proportion of variance in
whole face attractiveness, adjusted R*= .92, F(2, 87)=217.98, p <.001, 95% CI of R? [.87, .94].
Discussion

In line with Experiments 2 and 3, the results of this experiment showed that the isolated
eyes, mouth, nose and forehead regions as well as top and bottom half can each predict the
attractiveness of whole faces. Again, the top and bottom half can predict the whole face well.
Of the parts, the mouth and the eye regions were still the most effective predictors. The nose

was also an effective predictor, and the forehead also provided some information about the
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whole face attractiveness, but their contributions were largely overlapping with the eyes and
mouth. The rating scores for the forehead were also higher than Experiment 3.
In sum, Experiment 4 replicated the patterns of results of Experiments 2 and 3 with a new

set of faces without makeup and using the full range of facial attractiveness.

General Discussion

This study tested whether a part of a face can contain enough information to predict the
attractiveness of the whole face. The results support this hypothesis: attractiveness ratings of
the left and right halves of the face (Experiment 1) or the top and bottom halves of a face
(Experiments 2 and 4A) were highly correlated with the ratings for the whole face, and even
ratings for much smaller regions of the face (eyes, nose, mouth, forehead) were correlated with
the ratings of the whole face (Experiments 3 and 4B). Overall, these findings demonstrate
substantial natural covariation between different parts of a face, making it possible to infer
attractiveness from a relatively small part of the face.

Nonetheless, our results also show that not all parts of the face were equally predictive of
the whole face attractiveness. Predictions for the whole face were the best from the left or right
half of the face (Experiment 1) followed by the top or bottom half of the face (Experiments 2
and 4A), which was better than the mouth and the eyes (Experiments 3 and 4B). The eye and
mouth regions were themselves more effective relative to the nose and the forehead regions.
However, it is worth noting that the use of a smaller face region never resulted in that region

being uninformative.
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The inference of covariation in the cues that convey attractiveness is substantially
strengthened by the observation that not only did the ratings of part faces correlate with rated
attractiveness of the whole face, but ratings of the different parts invariably correlated
significantly with each other. However, we do not seek to deny that multiple cues are used
simultaneously to determine attractiveness, as is demonstrated through findings of holistic
perception (e.g. Todorov et al., 2010; Lin & Zhou, 2021). Our point is only that there is
substantial natural covariation between these cues.

How might we account for this covariation in the attractiveness of different face regions?
Why should someone who has attractive eyes be likely also to have an attractive mouth?
Dominant accounts of facial attractiveness suggest a link to sexual selection via perceived
health and 'mate quality'. From this perspective, substantial covariation would be expected
between different cues that can underlie perceived attractiveness (Fink & Penton-Voak, 2002).
Whilst this is consistent with our findings, and it is impressive that it predicts what we observed,
it is by no means the only possibility. Attractiveness judgements might be in part aesthetic
without being mixed with sexual interests, and we note that variables such as averageness affect
the perceived aesthetic attractiveness of many stimuli other than faces (Halberstadt & Rhodes,
2000). We note too that observers of either sex are able to judge the attractiveness of same-sex
faces; an observation which requires the additional assumption that we need to judge the
attractiveness of potential rivals to fit the evolutionary perspective. Moreover, our findings are
consistent with other theoretical positions, such as the hypothesis that attractiveness is

correlated with averageness (Langlois et al., 1994), since a truly 'average' face will presumably
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have an average nose, average eyes, an average mouth and so on.

Whilst the best way to explain the covariation in attractiveness we observed across
different face regions remains open, then, it is clearly an interesting phenomenon. However,
because we used face photographs as stimuli, it is important to note that different images of the
same face can be highly variable in perceived attractiveness due to differences in lighting, pose,
expression and so on; in fact the differences between images of the same face can be as large
as the differences in overall attractiveness between the faces of different individuals (Jenkins
et al., 2011; Sutherland et al., 2017; Todorov & Porter, 2014). Here, we minimised the impact
of image variability by using an existing set of face photographs taken under standardised
conditions.

Also worth noting is that our correlation and regression analyses are based on ratings of
images that were averaged across participants. Whilst it is known that different individuals
show substantial agreement in their ratings of attractiveness, reflecting an underlying 'shared
taste', there are also individual differences that can reflect more personal 'private taste' as to
what is attractive (Germine et al., 2015; Hehman et al., 2017). Averaging ratings in this way
eliminates much of the individual differences between raters that constitute their private taste,
so that the findings then largely reflect the shared taste as to what is attractive that is common
to most raters.

Our findings call for reinterpretations of some main theories of facial attractiveness. For
example, symmetry and averageness have been considered as main criteria for facial

attractiveness. Yet in our stimuli that showed only a part of a face, information about symmetry
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and averageness of the whole face was largely absent. This, however, did not seriously hamper
judgments of the attractiveness. Our results show that other factors than symmetry alone play
a role in judgment of face parts. Even though the left/right half of a face contains little
information of symmetry, participants had no problem in judging its attractiveness and their
estimates of the attractiveness of half faces were strongly related to the attractiveness of the
whole face images. Interestingly, ratings for both left and right halves were actually higher than
for the whole face (see Figure 2). This small yet significant dip of perceived attractiveness
could represent the role of bilateral symmetry in attractiveness judgment. One possibility is
that the inference of the whole face attractiveness from the left/right half is based on the
assumption that the features on the visible half mirror the invisible half. When the whole face
is shown, the left-right asymmetries that are not present in the left or right half-face image
would overwrite the assumption, which result in a slightly compromised attractiveness
judgment.

The findings that rating scores for part faces were highly correlated with ratings of the
whole faces and with each other implies two things. First, inferences about the attractiveness
of the face from a face part can rely on a lot of other types of information than bilateral
symmetry. Second, there is substantial covariation across different cues to attractiveness.

It is known that factors such as the skin colour and texture are important factors in
assessing facial attractiveness (Little et al., 2011), possibly because these serve as cues to such
other important characteristics as physical health (Rhodes, 2006). Skin texture and colour are

likely to be correlated across different parts of a face. The brain may then use this knowledge
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when a part of the face is being used to infer the whole face attractiveness. This correlated
nature may generalise beyond more distributed features such as skin tone and texture. In
Experiment 3, the eye and mouth regions clearly predicted most variance, but it is interesting
that the relatively 'featureless' forehead region was of any use at all. Perhaps it is informative
to the extent that skin tone offers an index of potential attractiveness.

A localised facial feature such as the mouth may also correlate with the level of
attractiveness of the other features such as the eyes and skin texture on the same face. The
participants appear to act as if they make the assumption that if one region of a face is of a
certain degree of attractiveness, then the other (invisible) regions should have a similar level.
This assumption would allow for inferences about the occluded regions of the face. The high
correlations between parts of a face in our data demonstrate that such an assumption has solid
ecological validity. In fact, our finding that face parts can predict each other may be more
interesting than the finding of a part predicting the whole, because it shows that a part can
predict another face region even when it is not included in that region. Perhaps it is this kind
of covariation that the visual system utilises when a visible region of the face is limited by
occlusion. Covariation has been used in evolutionary accounts of facial attractiveness, and it is
worth noting that perceptual mechanisms could employ covariation in nature to infer an unseen
region of the face from the visible region. Moreover, useful covariation between cues is also
evident in other areas of face perception (Young, 2018).

Rating attractiveness based on face parts in these experiments tended to show an

overestimation bias relative to the whole face (Experiments 1, 3 and 4). Only rating the top or
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the bottom half for the attractive faces in Experiment 2 showed exactly the same as the whole
face. This means that participants tended to see parts as being slightly more attractive in the
absence of information from the other regions, as has also been noted in previous studies (Liu
& Chen, 2018; Saegusa & Watanabe, 2016; Orghian & Hidalgo, 2020). This consistent finding
has been interpreted as indicating a positivity bias in which missing information may be
assumed to come from an attractive face (Orghian & Hidalgo, 2020). This bias will be corrected
as greater face regions are exposed, so that any evidence of imperfection can accumulate.
Consequently, the new information may correct the assessment based on a fragment. This is
also consistent with the time course of attractiveness evaluation, in which a brief exposure to a
face can create higher attractiveness rating than a longer exposure, again presumably due to
more complete information with longer exposure duration revealing more imperfections (Liu
& Chen, 2018; Saegusa & Watanabe, 2016).

Our results show that local properties in different regions of the face can form the basis
for reasonable inferences about facial attractiveness of partially occluded faces. They
complement findings that multiple cues combine to determine the overall perceived
attractiveness of a facial image (Holzleitner et al., 2019; Said & Todorov, 2011; Sutherland et
al., 2013; Vernon et al., 2014) with a very different procedure and suggest that the visual system

is able to exploit natural cue covariation to support the rapid appraisal of physical attractiveness.
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