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ABSTRACT The computation of perceived attractiveness from facial images has long been a research topic.
Many models have been developed to predict the attractiveness of the face from the individual models
that have been used to describe the geometry of the face (symmetry, golden ratio and neoclassical canons,
according to artists from the Middle Ages, and a combination of the three). An experiment was conducted
based on Oriental and South Asian ethnic groups, represented by Chinese and Pakistani facial images. Visual
assessments of perceived attractiveness were carried out using a 6-point categorical scale and the results were
used to derive a new set of facial feature ratios that maximized the perceived attractiveness of the two ethnic
groups. The results were also used to develop a new polynomial model of attractiveness, and to test four
existing models. The new model performed the best for Oriental faces. The new model was also best for
South Asian faces together with the combined model. Ethnic group differences did not have a significant
impact on the perceived attractiveness of the two groups. A set of new facial ratios for the two ethnic groups

was determined to maximise attractiveness.

INDEX TERMS Attractiveness, ethnic group difference, golden ratio, model, neoclassical canons,

symmetry.

I. INTRODUCTION

In perceptual science, attractiveness has always been the most
important impression to be investigated among all the visual
impressions [1], [2], [3], including sociable, friendly, mature,
cooperative. The other impressions were found to have a
strong connection with attractiveness [4].

The authors also conducted two psychophysical experi-
ments by varying eight individual facial features [5] (eye ver-
tical position, eye horizontal position, eye size, nose length,
nose width, lips thickness, lips width and lips position).
The first experiment was to define the visual impression
variables. The experiment was conducted using Chinese and
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Pakistani female facial images from the Leeds Liverpool Skin
Colour (LLSC) dataset. The individual facial features of each
facial image were rendered using up to four magnitudes,
e.g., very small, small, large, very large mouth sizes. In exper-
iment 1, observers rated each image in terms of a yes/no
response to each of 16 visual impression scales: (socia-
ble/unsociable, cooperative/uncooperative, easy-going/fussy,
relaxed/tense, careful/careless, imaginative/ unimagina-
tive, attractive/unattractive, lively/dull, active/ passive,
mature/immature, feminine/masculine, healthy/ unhealthy,
likeable/dislikeable, elderly/young, intelligent/ stupid and
natural/unnatural). Using factor analysis, three factors (attrac-
tive/unattractive, feminine/masculine and mature/immature)
were found to adequately represent the sixteen visual impres-
sions. In a second experiment [5], further analysis used
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attractiveness, femininity and maturity on a six-point cate-
gorical judgment scale. The images were rendered for the
same eight facial features as that of the first experiment.
Models were developed for each visual impression based
on individual facial features. The results showed that both
the Chinese and Pakistani faces were significantly impacted
by the four facial features. However, these facial features
were different for both ethnic groups. For Chinese faces,
the four features were eye vertical position, eye horizontal
position, eye size and lips position. For Pakistani faces, the
four parameters were eye vertical position, nose length, lips
thickness and lips position.

Schmid et al. [3], reported that facial feature geometry had
a significant role in the overall perception of the face. Many
models have been developed based on the geometry of facial
features to predict the perceived attractiveness from facial
images and the three main models are symmetry [6], the
golden ratio [7] and neoclassical canons [8]. The former is
based on symmetry theory; the more symmetrical the facial
features are around the vertical axis at the centre of the face,
the more attractive the face [3], [6]. The golden ratio theory
of attractiveness states that the closer the facial feature ratios
are to the golden ratio (*1.618), the more attractive the face
will be. Neoclassical canons were developed by artists in the
sixteenth century [8] and many of the neoclassical canons are
listed by Schmid et al. [3], for example, face width equals
four times nose width, eye interocular distance equals nose
width, etc.

The models based on the above theories have been bet-
ter predictors of perceived attractiveness than those of the
earlier models. Schmid ef al. [3], also proposed another
model that combined the above three main models. There
are, however, some contradictory results to these theories.
Swaddle et al. [9] found asymmetric faces to be more attrac-
tive. Pallet et al. [2] found a new set of facial ratios to max-
imise the attractiveness of the face based on revised golden
ratios. Torsello et al. [10], found that neoclassical canons
were not found in the faces of female models who were
considered to be ‘beautiful’. The present authors have pro-
posed a model that measured the facial feature ratios with
respect to full-face dimensions and the results showed that
the model was a better predictor of perceived attractiveness
than earlier models [5]. However, this model was only tested
on the individual facial features, and not tested by considering
cross features.

Some studies have investigated the impact of ethnic group
differences on perceived attractiveness and showed consid-
erable agreement in the judgment of perceived attractive-
ness [11], [12], [13], [14] However, there were discrepancies
between the results for Asian and Western observers [15],
[16], [17], [18]. Also, Swaddle et al. [9] found asymmetric
faces to be more attractive and there was an ethnic group
difference. The present authors studied the Oriental and South
Asian ethnic groups and the results showed some discrepan-
cies between the two groups.
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With the above in mind three goals were set for the present

study.

1. to develop a model by measuring the ratios based on
multiple facial features with respect to length, width or
area, from two databases, with images captured under
a standardized capturing condition and those from the
internet,

2. to reveal the difference in attractiveness between the
two ethnic groups studied, and

3. tofind the ratio of the facial features to enhance the per-
ceived attractiveness between the Oriental and South
Asian ethnic groups.

Il. MATERIAL AND METHOD

A. OBSERVERS

In total, 36 observers were recruited for the experiment. Out
of the 36, 19 observers were Chinese (10 Male + 9 Female)
and 17 Pakistani (10 Male + 7 Female). All the participants
were students at Zhejiang University, but were of either native
Chinese or Pakistani nationality. The latter were postgraduate
students in China to study for a period about 2-5 years until
they had completed their degrees. Hence, the participants
should represent their native ethnic groups well. The age of
the Chinese observers was between 23 and 27 years, with
a standard deviation of 3.12 years. The age of the Pakistani
observers ranged from 24 to 31 years, with a standard devia-
tion of 2.36 years. They represented Oriental and South Asian
ethnic groups respectively, the two world’s largest population
ethnic groups. The Oriental and South Asian ethnic groups
will be used in the subsequent discussions.

B. STIMULI

78 Oriental female facial images were used as stimuli for the
experiment (34 from the LLSC dataset and 44 from the inter-
net) and 40 Pakistani (7 from LLSC and 33 from the inter-
net). The Chinese and Pakistani images were collected from
the internet websites, including google.com, pixabay.com,
pinterest.com dreamstime.com shutterstock.com etc.. The
images were selected to represent Oriental and South Asia
ethnic groups considering a wide range of facial characters,
to possess a pleasant experience, to exclude celebrities.

C. PROCEDURE
The experiment was conducted using an Eizo GM-243W
LCD display located in a dark room. The display had a
screen diagonal of 24.1 inches and a native resolution of
1920 x 1200 pixels. The peak white of the monitor was set to
the chromaticity of CIE illuminant D65 and a luminance of
100 cd/m2. The luminance uniformity showed approximately
8% deviation from the centre of the screen to the corners.
An image processing procedure was used to process each
image. Firstly, each pixel of the LLSC facial image was
transformed from camera RGB signals to CIE XYZ tris-
timulus values via a 3 x 11 polynomial camera characteri-
zation model [19]. The RGB values of the Internet images
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were computed to CIE XYZ tristimulus values using SRGB
space [20] and CIE illuminant D65 [21]. Secondly, to trans-
form the XYZ values to monitor RGB values, a GOG monitor
characterisation model was used [22]. The performance of
the monitor model was evaluated using the 24 colours in
the Macbeth ColorChecker Chart and the average colour
difference was approximately one CIEDE2000 unit [23]. The
experiment was designed in two parts to include images from
the LLSC and internet datasets, respectively.

The experiment was conducted using a 6-point categorical
judgment method using a scale from —3 to +3 with no
zero in the middle, as shown in Figure 1. As an example,
Figure 1 also shows the face of the first author. However,
during the experiment, the Oriental and South Asian female
facial images were used from the LLSC and Internet datasets.

o

FIGURE 1. Example of the interface of the experiment. Note. This is an
example interface - in the actual experiment the Oriental and South
Asian female faces were used. This image is used here to avoid any
copyright issues.

D. METHOD TO MEASURE THE FACES

After the experiment was finished and the experimental data
obtained, the four previous models: symmetry, golden ratio,
neoclassical canon and their combination were implemented.
Then a new model was constructed by measuring the individ-
ual facial features with respect to the dimensions of the face.

oy

81 m

(a)

FIGURE 2. Method to measure the face (a) symmetry (b) all the other
methods. Note. A computerized figure is used to demonstrate the
different measurement methods including Symmetry, golden ratio,
neoclassical canons and new method.

Figure 2(a) shows the symmetry measures of the eyes, nose
and lips in a facial image. A vertical axis “S”. the axis of
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TABLE 1. Method of measurement according to the new model.

No Facial Facial Ratio Definition
' Feature measurements (Figure2b)
1 eye_v_ertlcal eye-chin distance to 2 /a2
position face length
eye interocular distance to
2 horizontal . 2 /b2
. face width
position
3 eye size eye area to face area (c2x d2) /(a2 x b2)
4 nose length nose length to face h2 /a2
length
5 nose width 0S¢ Width to face 2 /a2
width
lips lips thickness to face
6 thickness length k2 /a2
. . Lips width to face .
7 lips width width j2 /a2
3 11ps_ _ Lips chin distance to m2 /b2
position face length

Note. The new method to measure the facial features required that every
facial feature should be measured with respect to the length, width or area
of the face. Table I and Figure 2 explain this method.

symmetry, was obtained by joining points from the top to the
bottom of the face. The distances dL and dR represent the dis-
tances of the various features to the left and right of the axis
of symmetry. The symmetry is calculated by (1).
|dy — dRl
Symmetry measure = ———— D
(dr, + dp)

According to this definition, the symmetry of the eye,
nose, lips and full face are defined by ((Jal-bl|)/ (al+bl),
((lel-d1])/ (cl+4dl)), ((Jgl-h1])/ (gl+hl)), and ((Jil-j1])/
(i14j1)), respectively (see Figure 2(a).

The golden ratio was measured by calculating the differ-
ence between the ratio of the facial feature and 1.618 (the
so-called golden number). The ratios of the facial features
included the mouth width to the inter-ocular distance (j2/e2),
the mid-eye distance to the interocular distance (f2/e2), the
mid-eye distance to the nose width (f2/i2), the mouth width
to the nose width (j2/ i2), the interocular distance to the
thickness of the lips (e2/k2), and the nose width to the
thickness of the lips (i2/k2) (Figure 2b). Neoclassical canons
include the face width equal to four-times the nose width
(b2 = 4x i2); the lips width equal to 1.5 times the nose
width (j2 = 1.5x i2); the interocular distance equal to the
nose width (e2 = i2) (Figure 2). The above rules calculate
ratios of symmetry, golden ratio, and neoclassical canons
from facial images [3].

Table 1 lists the definition of each facial feature according
to the new model. The third column ““Facial Ratio Measure-
ment”” shows that for each facial ratio the denominator was
the face length, width, or area. These ratios were used to
implement the new model to predict the attractiveness of the
face.

IIl. RESULTS AND DISCUSSION
The intra-observer and inter-observer variability of the
observers were investigated using the correlation coefficient
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TABLE 2. Intra-observer and inter-observer variability in terms of STRESS
and correlation coefficient (R).

TABLE 3. Comparison among the existing and new models in terms of
correlation coefficients and STRESS values.

Intra-observer Variability Inter-observer Variability

Cn/ Cn/  Pak/ Pak/ Cn/ Cn/  Pak/  Pak/
Cn Pak Cn Pak Cn Pak Cn Pak

STR
ESS 20 22 25 21 32 34 33 32
R 0"?8 0.82 0.64 0.70 0'27 0.66 0.61 0.66

Note. Intra-observer and inter-observer variability across ethnic groups
in terms of STRESS and R. Cn/Cn, Cn/Pak, Pak/Cn and Pak/Pak represent
Oriental observers/Oriental faces, Oriental faces/South Asian observers,
South Asian faces/Oriental observers and South Asian faces/South Asian
observers, respectively.

and standard residual sums of squares (STRESS) [24].
STRESS values can have arange from 0 to 100, implying total
and zero agreement, respectively. Mathematically, STRESS
is defined by (2).

1/2

n L N2
2z (i — FB) x 100 )

2
Y im1 F2B;

STRESS =

where A; and B; are the two measurements to be compared,
and F is given by

n
F=YAY Z?ZlAiBi

i=1

where n is the number of sample pairs and F is a scaling factor
to adjust the A and B datasets onto the same scale.

Table 2 lists the intra-observer and inter-observer variabil-
ity of the average observer both in terms of the STRESS and
correlation coefficient R. The results also show that the inter-
observer variability was always larger than the intra-observer
variability. Thus, the observers were more consistent rating
the same image twice (intra-observer variability) than their
difference from a mean observer (inter-observer variability).

Note that the inter-observer variability can be considered as
a baseline to evaluate the performance of each model. If the
model performance is less than the inter-observer variability
in terms of the STRESS value, then the performance of the
model can be acceptable [24].

IV. IMPLEMENTING THE MODELS

The methods used to measure the symmetry, golden ratio,
neoclassical canons. and the further model proposed by
Schmid et al. [3], which uses a combination of symmetry,
golden ratio and neoclassical canons were implemented.
Mughal et al. [5], has also shown that Oriental attractiveness
depends upon four different facial features: eye vertical posi-
tion, eye horizontal position, eye size and lips position. For
South Asian faces, however, the corresponding four features
are eye vertical position, nose length, lips thickness and lips
position.
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Models Oriental South Asian
Symmetry 0.37/33 0.31/32
Golden Ratio 0.51/31 0.39/31
Neoclassical Canons 0.40/33 0.38/31
Combination 0.60/28 0.56/28
New Model 0.69/26 0.58/28

Note. The numbers follow the format coefficient/STRESS. Bold values
show the best model(s).

As noted earlier, for Oriental faces,, the four features
used by Oriental and South Asian observers are eye vertical
position, eye horizontal position, eye size and lips position.
For South Asian faces, the four parameters are eye vertical
position, nose length, lips thickness and lips position.

The following are the main requirements of the analysis:

« Optimization algorithm

« Polynomial model equation

o Metric to minimize the difference between visual data

and output of the model

All five models were implemented using MATLAB soft-
ware. The method used to obtain the coefficients was Quan-
tum Particle Swarm Optimization (QPSO) which recur-
sively optimizes the result of a mathematical equation. The
hyper-parameter STRESS value was used to find the mini-
mum difference between the output of the equation and the
appropriate experimental data. The lower value of STRESS
implies the better agreement between the model and the
experimental data. That is why QPSO was used to recursively
minimize the STRESS value and to find out the optimal
coefficients. The linear polynomial model equation used for
the optimization is given by (3).

T=a1F1+aF,+a3F3+asFs +C 3)

where a; to a4 are the coefficients to be optimized and F to
F4 are the facial features, and C is a constant. For symmetry
F to F4 are the symmetry of the eye, nose, lips and full face.

For the symmetry, golden ratio and the new model there
were four terms F; to F4 in (3). For neoclassical canons,
there were three facial ratios so the term a4 F4 was omitted
from (3). The reason to use three neolcassical canons was
the inclusion of three facial features in the original model
[8]. The others like ears, neck were not part of facial image.
The combination of the existing models contained 12 terms,
4 each for symmetry and the golden ratio, 3 terms for neo-
classical canons and a constant C. Hence five models were
implemented.

A. COMPARISON BETWEEN MODELS
Table 3 lists the performance of all five models to predict

attractiveness, both in terms of correlation coefficients and
STRESS values.
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The new model outperformed all the previously existing
models for Oriental faces. However, for South Asian faces,
the new model and the combination model gave nearly equal
performance. For Oriental faces, all the models, except the
symmetry and neoclassical canons models, had a STRESS
value less than the inter-observer variability. Thus these can
be considered reliable models to determine the attractiveness
of the face (Inter-observer variability STRESS = 32 for both
Oriental and South Asian faces).

Although for South Asian faces, the combination and new
model performed nearly equally, the new model performed
better for Oriental faces. Furthermore, the combination mod-
els required more terms and hence had a more complicated
structure than the new models. For Oriental faces and the
symmetry model, the golden ratio and the neoclassical canons
performed equally well, and the golden ratio performed the
best. The new model to predict the attractiveness of Oriental
faces is given in (4):

newAttcy—r1 = 0.9602ES + 0.0511EVP — 0.0119EHP
—0.1631LP — 0.0132 “)

where ES, EVP, EH and LP refer to eye size, eye vertical
position, eye height and lips position, respectively.

The new model to predict the attractiveness of South Asian
faces is given in (5):

newAttpa—71 = —0.5460EVP + 0.3331NL + 0.5390LT
+0.8975LP + 0.1181 )

where NL and LT refer to nose length and lips thickness,
respectively. Figure 3 shows the performance of all the mod-
els in terms of scatter plots between model predictions and
visual data. Separate scatter plots are shown for Oriental
and South Asian faces. The STRESS and R values of each
model are included in each plot. This figure shows that the
new model performed better than the four previous models.
The model in (3) is linear. A non-linear model was also
implemented with additional terms which included the pos-
sible combinations. For example, the additional terms in (3)
were asF; Fz, agF; F3,...,a;5F; F» F3 F4. The results of
linear and non-linear models were compared. An ANOVA
test revealed that linear and non-linear models were not sig-
nificantly different. This indicated that linear models were
adequate to describe both the attractiveness of both Oriental
and South Asian faces.

B. OPTIMAL RATIOS TO MAXIMISE THE ATTRACTIVENESS
As the new model performed better than previously existing
models, a set of new facial feature ratios to maximise the
attractiveness of the face were determined based on the new
model. Oriental models were implemented for eye size, eye
vertical position, eye horizontal position and lips position.
According to the definition of facial features from Table 2, the
optimal values to maximise the attractiveness of Oriental and
South Asian faces are listed in Table 4. The common facial
ratios were close to each other for both the Oriental and South
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Models Chinese Faces Pakistani Faces
2 2 /
Symmetry 3 ST RPN VZ Iy
= R=0.43 -
STRESS =33 STRESS = 32
Model Prediction Moawi Pregiction
g i ‘
Golden Ratio i : T
R=0.44 R=0.50
STRESS = 30 STRESS =31
wasutroscion e Piition
g ] o
3oo-gt % A
Neoclassical Canons £ : s

R=037 R=051

STRESS = 32 STRESS =33

Model Prediction

Visusl Data
Visual Data

Combination

R=0.56
STRESS =28

R=0.60
STRESS = 28

Model Prediction Model Prediction

New Model

Visual Data

+ A TR=058
* STRESS =28

STRESS = 26

New Model Prediction New Model Prediction

FIGURE 3. The scatter plots between the the predictions of the models
and the visual data. Note. The scatter plot shows the performance of
model of symmetry, golden ratio, neoclassical canons and their
combination and new method. The STRESS and R values are also included.

TABLE 4. Optimal ratios to maximise the attractiveness of Oriental and
South Asian faces.

Facial Feature Oriental Faces South Asian Faces

Eye Vertical Position 0.54 0.56
Eye horizontal Position 0.27 -
Eye Size 0.021 -
Nose Length - 0.26
Lips Thickness - 0.16
Lips Position 0.13 0.13

Asian faces. These ratios were measured according to the new
model measurement methods. This also implies little ethnic
group difference.

C. ETHNIC GROUP DIFFERENCE

Figure 4 shows the ethnic group difference in terms of scatter
plots plot between Oriental and South Asian observers for
(a) Oriental faces and (b) South Asian faces. The associ-
ated R and STRESS values are included in the plots. The
results show that the observers agreed more on Oriental faces
(R =0.72, STRESS = 25) than South Asian faces (R = 0.66,
STRESS = 32). Comparing ethnic group differences and
baseline noise (inter-observer variability), they were quite
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similar, indicating there was little difference between Oriental
and South Asian observers. An ANOVA test revealed no
significant impact of ethnic group differences on Oriental and
South Asian faces.

Ethnic Group Difference Among
Observers
Pakistani Attractive

Ethnic Group Difference Among
Observers
Chinese Attractive

R=0.72
STRESS =25

R=0.66
STRESS = 32

Chinese Observers

Chinese Observers

Pakistani Observers

Pakistani Observers

(a) (b)

FIGURE 4. Ethnic group difference (a) Chinese (Oriental) and (b) Pakistani
(South Asian) faces.

V. CONCLUSION

This study investigated the attractiveness between Oriental
and South Asian groups and there were two goals. The first
was to develop a model by measuring cross facial features by
the ratios with respect to length, wide or area of the face. The
models were successfully developed and compared with the
existing models. It was found that the newly developed model
outperformed the previous models.

The second goal was to compute the impact of ethnic group
differences on Oriental and South Asian facial images. First,
the ethnic group difference was lower for Oriental faces than
for South Asian faces. The STRESS values of the ethnic
group differences were not greater than the baseline noise
(inter-observer variability). This result indicates that ethnic
group differences had a negligible impact on the attractive-
ness of the face. This result agreed with the second hypothesis
that the ethnic group difference had less impact on perceived
attractiveness. The cross-culture study was also examined
by the ratio of the facial features to achieve the perceived
attractiveness of the Oriental and South Asian faces. It was
found that facial features had very close optimal ratios to
achieve attractiveness across ethnic groups.

In future work, observers from different ethnic groups
should be recruited to perform the same experiment. Their
results can then be used to test the versatility of the models
developed and reveal cultural differences. In addition, the
general face for that ethnic group will be generated and their
faces can be directly compared. Finally, similar experiments
should be performed to study the skin colour for different
ethnic groups using colour-calibrated images in different
countries. Thus more parameters will be taken into account
by the model. Also, the study of culture differences can be
extended to include more ethnic groups.
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