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Background: Research over the past 20 years has shown that judgments of facial
attractiveness are universal; people from all cultures and backgrounds rank and
rate faces for attractiveness the same. As such a model for objectively rating facial
attractiveness is theoretically plausible, if designed, it would have many uses,
including outcomes analysis in plastic surgery of the face. The authors tested a
schematic facial composite/prototype mathematical model (the phi mask cre-
ated by Dr. Stephen Marquardt) as a method for measuring facial attractiveness
in an objective manner.
Methods: Thirty-seven male and 35 female faces of 18- to 30-year-old whites of
European extraction were rated, as were 31 composite faces of each sex using
both Internet and direct survey judges. The faces were tested against the phi
mask model analyzing deviations of facial anthropometric points from corre-
sponding phi mask nodal points using equivalent weightings, and weightings
arrived at by way of multiple linear regression.
Results: The deviation from the phi mask significantly correlates with attrac-
tiveness, explaining from 25 to 75 percent of the variance in attractiveness
judgments, depending on the methodology used.
Conclusions: The phi mask model supports averageness or prototypicality of the
face as being the major component of the facial attractiveness gestalt and is a
first step in producing an objective system for measuring facial
attractiveness. (Plast. Reconstr. Surg. 118: 757, 2006.)

Surgeons have as their mission the restora-
tion of function and health to the patient
while minimizing morbidity and mortality,

and maintaining or improving the final aesthetic
outcome. In the past 20 years, the emphasis on
aesthetic outcome has moved into the forefront,
not just in plastic surgery but in all fields of
surgery. As facial plastic surgeons, the most im-
portant factor to all our patients is the aesthetic
outcome of the operation. This holds true when
performing reconstructive and functional facial
plastic surgery and not just when performing
pure cosmetic surgery. Patients are very con-
cerned about their facial appearance and, as
surgeons (in the past few decades especially), we
too have made aesthetic outcome a primary con-
cern.

Coinciding with this new emphasis on aes-
thetic outcome, dramatic drives in cost contain-
ment and quality assurance have also been im-

plemented in the health field. Administrators
and managers using as their major tools various
objective outcome measurement systems have
helped bring these changes about. In tandem
with them, physicians have found these same
tools to be an excellent means of self-monitor-
ing, allowing discrepancies and problems to be
quickly picked up and permitting objective sur-
veillance of outcomes as changes in practice and
technique are implemented.

Mostly as a result of the fact that cosmetic
surgery is an elective procedure not paid for by
third-party payers, it has managed to largely es-
cape the outcomes knife and its associated good
and bad spinoffs. Surgical aesthetic outcome is
currently evaluated by completely subjective
methods,1 and little has been done to quantify
these qualitative results in an objective
manner.2–4 Patient and surgeon subjectively de-
cide whether the aesthetic outcome is acceptable
or not. The subjective nature of this evaluation
makes statistical analysis of surgical outcomes
impossible. Surgeons and patients and likely
health administration and health payers would
all benefit from an objective outcome measure-
ment system.
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Recently, some investigators have begun to
talk about the need for outcomes analysis in the
aesthetic surgery field.1 The approach they use is
to create outcomes scales, and preliminary data
indicate that they may have some utility.2–4 How-
ever, the scales are still based on patient subjec-
tive evaluation, and although we agree that this
is a very relevant measure, a purely objective
outcome scale would be extremely desirable.

In a recent review by Ching et al.1 of outcomes
measurements for aesthetic surgery (facial and
otherwise), 53 identifiable instruments were
found in the literature extending back to 1961.
These instruments were divided into four sub-
types: satisfaction assessments (six found), objec-
tive assessments (five found), psychological as-
sessments (34 found), and quality-of-life
assessments (eight found). For satisfaction as-
sessment, the most commonly used method of
all 53 identified instruments is comparison of
preoperative and postoperative photographs,
usually by a surgeon or an independent ob-
server. Ching et al.1 feel that this method is
limited “because there are no validated and re-
liable means to quantify results to make mean-
ingful comparisons.” For another identified sat-
isfaction assessment instrument, facial halves
comparison by Hamra,5 where two halves of a
face, one preoperative and one postoperative,
are combined together in a photograph, Ching
et al. state that its “evaluation is subjective, with-
out a numerical assessment.”

In their review of objective assessments, only
five methods were found, which we ourselves
have looked at in detail. These included Tapia et
al.,6 who looked at their results of 685 rhytidec-
tomies (face lifts) by analyzing 4110 preoperative
and postoperative digitized photographs. They
created a scoring system on 12 aspects of facial
aging; three surgeons visually and subjectively
scored the preoperative photographs (average
score, 9.75) and postoperative photographs (av-
erage score, 2.84) using this scoring system, and
noted an average improvement of 6.91 points.
Tapia et al. also looked at two objective measure-
ments, the cervicomental angle (which improves
an average of 20 degrees) and lifting of the eye-
brows (the medial eyebrow average lift is 0.1275
cm, the central eyebrow average lift is 0.2259 cm,
and the lateral eyebrow average lift is 0.2877 cm).
Amazingly enough, no correlation between the
subjective score and objective measurements was
attempted; furthermore, no mention is made of
how the change in cervicomental angle relates to
the improvement in patient result, and for the

eyebrow measurements, all that is said is “we
noticed a clear relation of greater lifting of the
eyebrow corresponding to more satisfactory
overall final results.” No data—statistical or oth-
erwise—were provided.

The second objective assessment identified by
Ching et al.1 was in Pitanguy et al.7 In fact, Pitan-
guy and his Brazilian colleagues designed an
elegant objective system for modeling soft-tissue
changes with aging, not an objective system for
assessing aesthetic outcomes or one capable of
measuring facial attractiveness. The study was
conducted using 40 women who had photo-
graphs of their face obtained at least 5 years
apart in time. These photographs were marked
with 26 characteristic points (of interest to us is
that 24 of these points were identical by chance
to 24 of the 37 points we used in our study).
These points were used to calculate various lin-
ear distances on the face in each photograph,
and the change in the distance was normalized
by dividing by the interpupillary distance for that
subject (again, this is of interest to us, because
although we did not normalize the faces using
the interpupillary distance, we did place and
resize the phi mask using the interpupillary dis-
tance). These normalized changes in anthropo-
metric distances over time were fit by least
squares using the second-order polynomial that
produced the smallest error. Essentially, their
method allows, after measuring and normalizing
a photograph of a woman, prediction with a
known amount of error, the appearance of that
woman at a different age. In fact, their method
has been used to create a warping (aging/de-
aging) program for facial photographs.

The third objective assessment identified was
in Yousif et al.8 Yousif et al. again did not directly
create an objective system for assessing aesthetic
outcomes, or one capable of measuring facial
attractiveness. They looked at a very specific fa-
cial feature, the nasolabial fold, using photo-
grammetry (anthropometric measurements
from photographs), noting that with “aging
there is anterior, lateral, and inferior displace-
ment of the cheek mass with a resultant deepen-
ing of the nasolabial fold, while relationships
between the upper lip and the fold itself remain
constant.”8 This evidence was used to support
the theory that the nasolabial fold is created by
loss of support of the cheek mass complex by
gravitation and aging.

The fourth objective assessment identified was
in Mishima et al.9 This article essentially an-
nounces that the authors have created two soft-
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ware systems that allow them to (1) use a three-
dimensional digitizer to automatically identify
facial landmarks from a wire frame model of a
plaster cast (only the area around the nose is
described) and capture their three-dimensional
coordinates and (2) allow automatic superimpo-
sition of a postoperative wire frame model and
calculate the displacement of the three-dimen-
sional coordinates. Again, this article does not
directly describe an objective system for assessing
aesthetic outcomes or one capable of measuring
facial attractiveness. It is of interest in that it
looks at displacement of an anthropometric
model we describe in this article as a three-
dimensional wire model to evaluate the face pre-
operatively and postoperatively, looking at the
change in fit for an objective measure of im-
provement.

The fifth and final objective assessment iden-
tified was in Bhatia et al.10 This article is similar
to that by Mishima et al.9 in that it announces
another three-dimensional facial scanning and
measurement system capable of measuring vol-
ume changes in the face with a facial operation.
Again, the article does not directly describe an
objective system for assessing aesthetic outcomes
or one capable of measuring facial attractive-
ness. Furthermore, the procedure was tested not
on a real facial surgery patient but on a volun-
teer whose face was injected with known
amounts of saline solution subcutaneously.

To have an objective system, facial attractive-
ness must be able to be objectively measured. Is
it possible to measure facial attractiveness objec-
tively? Research findings from the psychology
field not only show that judges strongly agree
about facial attractiveness but also indicate that a
universal standard of facial attractiveness does in
fact likely exist.11

Cognitive visual psychology research in the
field of facial attractiveness has made numerous
profound discoveries in the past 20 years. A com-
mon view held by many contemporary scientists
involved in the area, however, is that the field
would greatly benefit from an objective measure-
ment system for facial attractiveness.12

Two recent mathematical modeling systems
have been developed for human facial attractive-
ness. One model we will not discuss directly here
is the FacePrints model created by Victor S.
Johnston.13,14 The second model is a facial over-
lay system or mask variously called the phi, ar-
chetypal, golden, or golden ratio mask (Fig. 1).
This mask has been claimed as being adaptable

to the creation of an objective system for mea-
suring facial attractiveness.15–17

The phi mask is based on the golden ratio phi
(the ratio obtained when a line ABC is cut such
that AB/AC � BC/AB), first derived by the an-
cient Greeks but certainly in use since even more
ancient times (e.g., in Egyptian art and architec-
ture) and possessing many fascinating mathe-
matical properties not least of which are the
Fibonacci sequence and the logarithmic spiral.18

This ratio appears almost ubiquitously in nature,
including in the basic geometric shapes of the
pentagon, decagon, and dodecagon; in the phyl-
lotaxis or leaf arrangement of a vast number of
plants and flowers; in the spiral of seashells such
as the nautilus; in the human mandible and its
growth rate; in the human figure and face; and
even in the spiral of DNA.19,20 The growth rate of
an organism has been found to be proportional
to the size of the organism and follows the pat-
tern of the logarithmic spiral—this growth pat-
tern can even be observed in the unfolding of
the human embryo as it gestates. The phi ratio
has been found in the faces and figures of statues
dating from the ancient Egyptian and Greek
periods and was first introduced into the mod-
ern medical literature by Ghyka21 and Seghers et

Fig. 1. Phi mask from Marquardt (published in patent: Mar-
quardt, S. R. Method and Apparatus for Analyzing Facial Configu-
rations and Components, in U.S. Patent and Trademark Office,
1997).
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al.22 and popularized by Ricketts.23–27 Marquardt
builds on the findings of these researchers by
theorizing that an archetypal or prototypical face
can be built entirely by using the ratio phi, an
idea he supports by the ubiquitous presence of
the ratio in nature, particularly in DNA and
gestational growth (perfect unperturbed growth
� prototypical � perfect adherence to the
golden ratio). The mask is based on the use of
multiple variously sized pentagram complexes as
Marquartdt terms them. These pentagon com-
plexes are in fact variously sized golden or reg-
ular decagons, which can be created by superim-
posing two same sized golden or regular
pentagons pointing in opposite directions. You
can see how the frontal repose mask fits into the
golden decagon (or “pentagram complex” per
Marquardt) in Figure 2.

Marquardt uses the primary pentagonal com-
plex to form the basic framework of the mask,
using specific lines, line segments, and points to
construct the component lines and points of the
mask. Various sized secondary decagons or pen-
tagonal complexes related mathematically to the
primary complex (the size of the subsidiary pen-
tagon complexes is derived using the formula
PC[subject] � PC[reference] � (1/�) n � Z,
where PC[subject] stands for the main pentagon
complex shown in Figure 2, n � 0, Z � 1, � is the

golden ratio, and n and Z are variables used) are
used to derive the remaining component lines
and points of the mask: [n � 6; Z � 1] is used
twice for the two iris complexes; [n � 5; Z � 1]
is used three times, for the nasal tip complex, the
internal lip complex, and the internal nares
complex; [n � 5; Z � �1/3] is used once as the
inner nasal tip halo complex; [n � 5; Z � 2/�]
is used once as the outer nasal tip halo complex;
[n � 4, Z � 1] is used four times, for the nasal
pentagon complex, the chin button pentagon
complex, and the two eye pentagon complexes;
[n � 3, Z � 1] is used 14 times, for the nose/
mouth complex, the mouth/chin complex, chin
inferior border complex, chin complex, right
and left sided chin complexes, right and left
eye/cheek complexes, right and left eyebrow
complexes; right and left cheek complexes, and
right and left nose/mouth complexes; [n � 3, Z
� �1/3] is used twice for the right and left eye-
brow/cheek complexes; [n � 2, Z � 1] is used
once for the frontal repose smile complex; and
[n � 1, Z � 1] is used once for the internal facial
pentagon system.

It is of note that Marquardt derived the place-
ment of the particular component lines and
points of the mask by applying the pentagon
complexes to the faces of female subjects (spe-
cifically, to cut-out magazine pictures of various
female models). Further details of the mathe-
matical derivation and properties of phi mask
may be found in its patent documents.15,16

This mathematical model, in addition to two
U.S. patents,15,16 has received tremendous pub-
licity and media attention17 and has become im-
planted in the minds of the general public, but
to our knowledge it has never been scientifically
tested. Are the claims made of it by its creator in
the media in fact true? If they are, then this is a
potentially powerful tool worthy of scientific at-
tention. If the claims are false, we feel that, given
the amount of public exposure that the model
has already had, a note in the public record
indicating the claims are false is important. Fi-
nally, if the claims have some validity but are
exaggerated, an exact understanding of the
model’s capabilities and its limitations would be
useful to allow researchers to build on and pos-
sibly improve or create a new model that does
meet the original claims if at all possible. Fur-
thermore, as has been the experience of many
researchers, the simple act of testing a model
often creates new avenues of research by itself.
Thus, the central hypothesis of this article is that

Fig. 2. The phi mask framed by the reference pentagonal com-
plex.
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the phi mask can be used to create an objective
measurement system for facial attractiveness.

If that is indeed the case, an objective quanti-
tative system should be devisable that would have
at least the same correlation with measures by
various panels of judges (at least an r � 0.80 and
preferably an r � 0.90).11 To date, the details of
such a system or even of its scale have not been
published as far as we are aware.

The specific definition of facial attractiveness
we use is as follows: The visual properties of a face
that are pleasing to the visual sense of an observer.
This is as opposed to beauty, which we define as
the assemblage of graces or properties pleasing to the eye,
the ear, any or all of the senses, the intellect, the
aesthetic faculty, and/or the moral sense.

In fact, what is measured in this and many
other studies is a more scientifically precise com-
ponent of the “beauty” gestalt: full frontal repose
static two-dimensional photographic facial attractive-
ness. This can be precisely defined as the time-
static visual properties of a face in a photographic
two-dimensional frontal repose image that are pleasing
to the visual sense of an observer.

SUBJECTS AND METHODS
Thirty-seven male subjects and 35 female sub-

jects aged 18 to 30 years (mean age for male subjects,
22.8 � 3.27 years; mean age for female subjects, 21.2
� 2.92 years) were recruited from the student
body at the University of Toronto. All subjects
were of white European extraction. The subjects
were financially compensated for their time and
the research was approved by the Ethics Board of
the University of Toronto.

The subjects were digitally photographed us-
ing a Kodak DCS-560 Camera (Eastman-Kodak,
Rochester, N.Y.) [a digital Canon EOS-1N SLR
camera (Canon, Tokyo, Japan) that produces very-
high-resolution, uncompressed, 18-MB pictures].
Subjects were without makeup or adornments
(e.g., earrings), and male subjects were clean
shaven. All individuals wore hair off the forehead,
head position was standardized to that prescribed
by Dr. Marquardt,15–17,28 and subjects were told to
adopt a neutral facial expression with closed
mouth while sitting for the photographs. Photo-
graphs were taken using a standardized photo-
grammetry technique29,30 with standardized light-
ing conditions against a common background
using the same distances for the faces from the
focal plane of the 100-mm lens (chosen to pro-
duce the least lens distortion in face
photography).29 All face images were kept at their
respective relative sizes and not normalized. All

images were finally cropped to reduce visibility of
hair, ears, and neck, as only the face itself was of
relevance in this experiment31–33 (Figs. 3 and 4).

For analysis purposes and to allow comparison
to previous studies, a series of 16 two-face com-
posites (Av2), eight four-face composites (Av4),
four eight-face composites (Av8), two 16-face com-
posites (Av16), and one 32-face composite (Av32)
were also created from 32 of the original face
pictures for each sex using the same technique
previously described by other researchers31,34–38

(Figs. 5 and 6). In total, there were 68 male faces
and 66 female faces evaluated by raters in the next
stage (31 for each sex being the above-described
composites).

In creating the composites, the shape of the
major facial features of each face was defined by
manually marking 224 predefined feature points
(e.g., left corner of the mouth) for each digital
face image.31,39–41 Points were allocated to capture
the distinctive shape of individual facial features
while maintaining an equivalent spacing on the
left and right sides of the face.

All the faces (including composites) were
rated using a program custom designed for mul-
tiple face rating written using Visual Basic Script in
Microsoft Access (Microsoft Corp., Redmond,
Wash.). The program is capable of being used
either directly on a desktop or notebook system or
by means of the Internet while being based on a
server.

The faces were rated both directly by students
at the University of Toronto and by patients at
Lasik M.D. in Montreal in one arm of the rating
process (the survey arm) and by random Internet
users in the other arm of the rating process (the
Internet arm). In the survey arm, the mean age was
25.8 � 10.8 years, with an age range of 10 to 52
years, and consisted of 25 male and 25 female
judges. In the Internet arm, the mean age was 21.6
� 9.8 years, with an age range of 10 to 52 years, and
also consisted of 25 male and 25 female judges.
Combining the two arms of the study, we get a
combined mean age of 23.7 � 10.3 years.

The rating scale used ranged from 1 to 10 and
was classified as follows: 10, extremely attractive; 9,
very attractive; 8, attractive; 7, mildly attractive; 6,
neutral plus; 5, neutral minus; 4, mildly unattrac-
tive; 3, unattractive; 2, very unattractive; and 1,
extremely unattractive. The means of the ratings
for each face were calculated for each of the In-
ternet and survey arms and for the combination of
the two arms and was termed an attractiveness
quotient, thus giving us three measures: survey
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Fig. 3. Female faces normalized and cropped.
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Fig. 4. Male faces normalized and cropped.
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Fig. 5. Female composite faces.
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Fig. 6. Male composite faces.
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attractiveness quotient, Internet attractiveness
quotient, and combined attractiveness quotient.

Using this phi mask model as a template for
“attractiveness,” we created a quantitative system
by measuring the numerical divergence of the real
anthropometric landmarks from their equivalent
mask nodal points. Two different methods of
weighting the landmarks/nodal points as more or
less important for attractiveness are modeled:
equivalent weightings and weightings arrived at by
way of multiple linear regression.

Each of the faces had the phi mask applied to
it using Adobe Photoshop 8.0 (considered the
standard for photograph manipulation) (Adobe
Systems, San Jose, Calif.) and in consensus with
the general body of the facial attractiveness
literature,33,36–38,40,42–46 the mask was sized and
placed using only the interpupillary distance as
the reference line (Fig. 7). Because of the stan-
dardized photogrammetry technique used in tak-
ing the photographs, we were able to have all the
faces imaged as their real size on the computer
monitor and were able to measure distances in
metric units either by hand or using computer
software. We elected to use Image Pro Plus 4.5
(considered the standard for scientific image anal-
ysis) to objectively and reproducibly measure the
deviation of the mask focal points from their
equivalent points on the image of the face. Thirty-
seven nodal points were selected that were present
on the mask and that we were able to accurately
and reproducibly identify on the image of the face

as anthropometric landmarks (Fig. 8). The devi-
ation of mask to face nodal points was measured
in centimeters, and a total deviation termed the
mask deviation score was used as a measure of how
far a face deviated from the phi mask (Fig. 9). Our
working hypothesis was that we expected to find a
significant negative correlation between this mask

Fig. 8. Measurement focal points illustrated on F10.

Fig. 7. An example of mask sitting on F25. Fig. 9. An example of measurement system on M37.
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deviation score and the attractiveness quotient
found by judges.

This direct correlation of mask deviation score
versus attractiveness quotient is the most basic sys-
tem of analysis, and it essentially assigns equal
weightings to deviations from each of the anthro-
pometric landmarks. Multiple linear regression
for 35 nodal point deviations (excluding the two
pupil nodal points because they are the fixation
points for the mask and have zero deviation) was
also undertaken as a statistical method of weight-
ing the nodal points.

RESULTS
Reliability of the attractiveness ratings was as-

sessed for the male and female sets of faces using
Cronbach’s coefficient alpha, which was 0.97 for
male faces, 0.96 for female faces, and 0.98 when
both sexes were combined for the survey arm of
the judges. The reliability of the male and female
raters was equal at 0.96 for the survey arm. For the
Internet arm, Cronbach’s coefficient alpha was
0.91 for male faces, 0.96 for female faces, and 0.95
when both sexes were combined. The reliability of
the male and female raters was equal at 0.90 and
0.95, respectively, for the Internet arm.

Attractiveness Quotient: Internet Arm versus
Survey Arm

Mean attractiveness quotients � SD for the
Internet and survey arms were 4.05 � 1.08 and
4.76 � 1.27, respectively, for both sex faces; 4.30
� 1.22 and 4.80 � 1.36 for female faces; and 3.80
� 0.86 and 4.73 � 1.20 for male faces. The t test
for the attractiveness quotient means obtained by
Internet and survey arms yielded a value of t �
15.39 (p � 0.0001) for both sexes. For male sex,
t � 9.59, and for female sex, t � 13.79 (p � 0.0001
for both). However, linear regression (Fig. 10)
showed r � 0.91 (F � 626.56, p � 0.0001) for both
sexes and r � 0.95 (F � 631, p � 0.0001) for female
and r � 0.91 (F � 302, p � 0.0001) male faces.

Individual versus Composite Faces
The means for the faces were submitted to

separate analyses of variance, with composite level
as a repeated measures factor. The analysis of vari-
ance comparing images of individual male faces
with Av2, Av4, Av8, Av16, and Av32 composite
images revealed a significant effect of the number
of faces: F(5,67) � 17.78, 25.28, and 24.61 (p �
0.0001) for the Internet, survey, and combined

Fig. 10. Linear regression line of Internet attractiveness quotient versus survey attractiveness quotient.
As can be seen from the tight scatter of the points around the line of regression, there is a tight linear
correlation between the two survey methods. Number of faces: 1 (■ ), 2 (�), 4 (�), 8 (e), 16 (�), 32 (�).
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arms, respectively. Planned comparisons by two-
sample t test with separate variance estimates
showed that the Av32, Av16, Av8, Av4, and Av2
composites were all rated significantly more at-
tractive than their corresponding individual male
faces at p � 0.0001 (Bonferroni corrected signif-
icance level for multiple comparisons is 0.006).

The analysis of variance comparing images of
individual female faces with Av2, Av4, Av8, Av16,
and Av32 composite images revealed a significant
effect of the number of faces: F(5,65) � 15.20,
19.41, and 18.03 (p � 0.0001) for the Internet,
survey, and combined arms, respectively. Planned
comparisons by two-sample t test with separate
variance estimates showed that the Av32, Av16,
Av8, Av4, and Av2 composites were all rated sig-
nificantly more attractive than their correspond-
ing individual female faces at p � 0.0001 (Bon-
ferroni corrected significance level for multiple
comparisons is 0.007).

The analysis of variance comparing images of
the faces of both sexes combined with Av2, Av4,
Av8, Av16, and Av32 composite images (Fig. 11)
revealed a significant effect of the number of faces
F(5133) � 16.34, 45.36, and 21.63 (p � 0.0001) for
the Internet, survey, and combined arms, respec-
tively. Planned comparisons by two-sample t test
with separate variance estimates showed that the
Av32, Av16, Av8, Av4, and Av2 composites were all
rated significantly more attractive than their cor-
responding individual faces at p � 0.0001 (Bon-
ferroni corrected significance level for multiple
comparisons is 0.007).

Mask Deviation Score versus Attractiveness
Quotient

Analysis of variance of mask deviation score
with sex and level of composites as factors showed
a significant effect for both the number of faces in
the composite (F � 7.98, p � 0.0001) and for sex
(F � 13.84, p � 0.001) (Fig. 12) (Bonferroni cor-
rected significance level for multiple comparisons
is 0.006).

For faces of both sexes (combined), Pearson’s
correlations between mask deviation score and
survey attractiveness quotient, Internet attractive-
ness quotient, and combined attractiveness quo-
tient were –0.49, –0.48, and –0.50 (all p � 0.0001),
respectively. For male faces alone, Pearson’s cor-
relations between mask deviation score and survey
attractiveness quotient, Internet attractiveness
quotient, and combined attractiveness quotient
were –0.53, –0.46, and –0.51 (all p � 0.0001),
respectively. For female faces, Pearson’s correla-

tions between mask deviation score and survey
attractiveness quotient, Internet attractiveness
quotient, and combined attractiveness quotient
were –0.51, –0.47, and –0.49 (all p � 0.0001),
respectively.

Multiple Linear Regression of Nodal Point
Deviations versus Attractiveness Quotient

Giving higher weightings to the more signifi-
cant nodal point deviations and lower weightings
to the less significant nodal point deviations could
produce a phi mask model with better fit. In an
effort to demonstrate this, a multiple linear re-
gression analysis of the nodal point deviations (as
independent variables) against the average facial
attractiveness score obtained for each face was
conducted for all arms of the survey (Internet,
survey, and combined attractiveness quotient are
the dependant variables).

For phi mask placed on faces of both sexes:

For Internet attractiveness quotient,
R � 0.74,
R2 � 0.55, adjusted
R2 � 0.39,
F � 2.44
(p � 0.0001).

For survey attractiveness quotient,
R � 0.73,
R2 � 0.53, adjusted
R2 � 0.36,
F � 3.28
(p � 0.0001).

For combined attractiveness quotient,
R � 0.74,
R2 � 0.55, adjusted
R2 � 0.38,
F � 2.76
(p � 0.0001).

When placed on female faces alone:

For Internet attractiveness quotient,
R � 0.93,
R2 � 0.87, adjusted
R2 � 0.71,
F � 5.59
(p � 0.0001).

For survey attractiveness quotient,
R � 0.93,
R2 � 0.87, adjusted
R2 � 0.72,
F � 5.75
(p � 0.0001).
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Fig. 11. Visual comparison of mean attractiveness quotient by number of faces (Internet,
survey, and combined arms). The illustrations are visual comparisons of group means and
show the alignment of comparison circles with the confidence intervals of their respective
group means for the t test comparison. Each means diamond illustrates a sample mean
and 95 percent confidence interval, The line across each diamond represents the group
mean. The vertical span of each diamond represents the 95 percent confidence interval for
each group. Overlap marks are drawn at [(�2CI)/2] above and below the group mean.
Overlap marks in one diamond that are closer to the mean of another diamond than that
diamond’s overlap marks indicate that those two groups are not different at the 95 percent
confidence level. Each pair of group means can be compared visually by examining how
the comparison circles intersect. The outside angle of intersection indicates whether
group means are significantly different. Circles for means that are significantly different
either do not intersect or intersect slightly so that the outside angle of intersection is less
than 90 degrees. If the circles intersect by an angle of more than 90 degrees or if they are
nested, the means are not significantly different. Number of faces: 1 (■ ), 2 (�), 4 (�), 8 (e),
16 (�), 32 (�).
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For combined attractiveness quotient,
R � 0.94,
R2 � 0.88, adjusted
R2 � 0.74,
F � 6.35
(p � 0.0001).

When placed on male faces alone:

For Internet attractiveness quotient,
R � 0.78,
R2 � 0.60, adjusted
R2 � 0.16,
F � 1.38
(p � 0.1825).

For survey attractiveness quotient,
R � 0.79,
R2 � 0.63, adjusted
R2 � 0.22,
F � 1.54
(p � 1.087).

For combined attractiveness quotient,
R � 0.79,
R2 � 0.62, adjusted
R2 � 0.21,
F � 1.50
(p � 0.1265 (Fig. 13).

DISCUSSION
This study is the first to compare direct survey

rating of facial attractiveness and Internet-based

rating of facial attractiveness. The only other pub-
lished Internet research into attractiveness only
looked at female body attractiveness from line
drawings.47 Although the agreement (r � 0.91)
between the two rating arms is as high or higher
than that found between most facial attractiveness
studies (which range from r � 0.80 to r � 0.95),11

allowing us to combine both arms, some interest-
ing points do arise. They are as follows: Internet
judges rate male faces much more harshly than
female faces and judge all faces more harshly than
their counterparts in the direct survey arm. This is
probably because Internet judges feel more
anonymous,48 not as directly involved in the pro-
cess, and not as responsible for the outcome, com-
pared with judges directly asked by the investiga-
tors for their participation.48–50 Also, they may have
been more bothered by the cutoff aspect of the
face, when they were probably expecting normal
full faces as are commonly seen in online attrac-
tiveness Internet sites such as www.hotornot.com.
The results of the Internet arm are still reliable (r
� 0.91), and this is an important finding that will
allow researchers in the future to increase their
efficiency by harnessing the power of the
Internet.51,52 Our findings that attractiveness in-
creases with the number of component faces in a
composite are not new and have been published
previously.36,37,45,46,53 Our results are perhaps even
stronger than those published previously because
all the composites including the two-face compos-

Fig. 12. Visual comparison of mean mask deviation score by number of faces. For male faces, mask deviation score had a mean � SD
of 18.39 � 4.17 (range, 11.47 to 28.46), and for female faces, mask deviation score had a mean� SD of 15.96� 4.15 (range, 9.46 to 28.81).
The t test for the means showed a significant difference between male mask deviation score scores and female mask deviation scores,
with t � 3.38 and p � 0.001. Number of faces: 1 (■ ), 2 (�), 4 (�), 8 (e), 16 (�), 32 (�).
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ites (Av2) were more attractive than almost any of
their component faces. Previous studies have
shown that the attractiveness of these composites
is not attributable solely to their morphed textures
(which give smoother complexions and soft-focus
appearance)37,54 or to their increased symmetry or
conveyed youthfulness.37 Studies have also found
that these composite faces as they increase in the
number of component faces become less variable
in judged attractiveness ratings and look increas-
ingly alike by visual observation (these findings are
mirrored in our study). Thus, the mathematical
averaging procedure of morphing faces results in
more typical and less unusual faces. It is hypoth-
esized that these “averaged” or typical faces are
preferred in attractiveness by both adults and in-
fants alike because they are perceived as proto-
types of the face—they are more facelike. Both
evolutionary psychology theory and cognitive psy-
chology theory support the notion that prototyp-
ical faces should be viewed as more attractive. Evo-
lutionary theory states that the preference is
innate because of evolutionary sexual and natural
selection pressure; cognitive theory states that the
preference is acquired very early in infancy
through learned exposure to category exemplars,
in this case, faces.37 These findings are robust and
have been supported in multiple cross-cultural
studies showing strong agreement, which is the
hallmark of biologically based preferences.

Direct correlation of mask deviation score to
attractiveness quotient assigning equal weightings
to deviations from each of the anthropometric
landmarks shows that the phi mask does indeed
work to give an objective measure of facial attrac-
tiveness at the most rudimentary level of weighting
and explains more than 25 percent of the variance
in attractiveness. Studies have shown that certain
features are more important in influencing attrac-
tiveness ratings than others.55 As such, we expect
that deviations from more important featural an-
thropometric points should have more of an in-
fluence on attractiveness than deviations from
other less important points.

Multiple linear regression is in essence a sta-
tistical method of weighting the nodal points.
From our results, our contention that weighting
the nodal points would allow us to achieve a closer

can be seen a glance whether an effect is significant. In each plot,
if the 95 percent confidence curves cross the horizontal reference
line, the effect is significant; if the curves do not cross, it is not
significant (at the 5 percent level). Number of faces: 1 (■ ), 2 (�),
4 (�), 8 (e), 16 (�), 32 (�).

Fig. 13. Plots of multiple linear regression predicted versus ac-
tual combined attractiveness quotient for both sexes (above), fe-
male (center), and male sex (below). These plots show how the
data fit the model predicted by the multiple linear regression. In
the plots, the distance from each point to the line of fit is the error
or residual for that point; the distance from each point to the
horizontal line is what the error would be if effects in the model
were removed. Thus, strength of the effect is shown by how
strongly the line of fit is suspended away from the horizontal by
the points; 95 percent confidence curves are on the graph so it
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correlation to judged attractiveness appears to be
true. As expected, the correlation to female faces
is much higher than to male faces, in fact it is in
the same range as correlations obtained between
judges. Of note are the adjusted R 2 values for the
multiple linear regressions. An inherent problem
with multiple linear regression is that as you add
variables, you increase the correlation, often arti-
ficially. The adjusted R 2 gives a sense of a more
accurate correlation when this is taken into ac-
count. However, even the adjusted R 2 for female
faces is still 0.74. Interestingly, looking at effect
tests that show the variables that have the most
significance on the multiple linear regression, the
variables that were most consistently found signif-
icant were SPR (the position of the upper lid) and
EBARCHS (the position of the eyebrow arch su-
periorly), followed by GN (essentially the width of
the jaw), and AP (essentially the width of the
nose). This is consistent with other studies show-
ing the eyes, jaw, and nose to be the most signif-
icant features in attractiveness.33

The much stronger correlation of the mask to
female faces over male faces suggests that Dr. Mar-
quardt is mistaken in his belief that the phi mask
as designed is ideal for both male and female
faces.15,16 Marquardt’s phi mask was essentially de-
rived from studying and averaging multiple im-
ages of very attractive female models, mostly from
the covers of fashion magazines.28 The use of the
golden ratio as a method to give mathematical
integrity to the pursuit of a system for objectifying
facial attractiveness had been first suggested by
Seghers in 196422 and gained popularity because
of the work of Ricketts afterward.23–27 We feel that
the phi mask is essentially a schematic of a high-
component-number composite consisting of
highly attractive female faces that has been given
mathematical credence by fitting the golden ratio
to it. Is the mathematical association of the golden
ratio necessary for the schematic mask to correlate
to attractive ratings for faces? Most likely it is not,
and we believe any schematic derived from a high
component composite would work just as well but
would not have the precise reproducibility that
only a mathematically derived model can have.

CONCLUSIONS
Our observational and experimental research

has led us to several conclusions regarding the
ability to measure facial attractiveness objectively.
The general conclusion is that indeed it seems
possible that at some point in time researchers will
be able to devise a highly accurate method for
measuring facial attractiveness objectively. The

phi mask used in the most rudimentary way (with
equal weightings being given to deviations from
anthropometric landmarks) yields a statistically
significant correlation to measures of facial attrac-
tiveness obtained from the current standard mea-
sure “truth by consensus.” Although the basic anal-
ysis using equivalent weightings shows a significant
statistical correlation, it is not very high, at most
explaining only 25 percent of the variance in facial
attractiveness.

This result in itself brings us to some other
conclusions, the first being that the phi mask
method relies on the “attractiveness is average-
ness” or the “attractiveness is prototypicality” hy-
pothesis. The facial attractiveness literature shows
us that although the averageness hypothesis is ex-
tremely strongly supported by many studies, aver-
ageness is most likely not the only cue that humans
use to determine facial attractiveness. Different
studies have shown that other cues, including sym-
metry, youthfulness or neoteny, and sexual dimor-
phism, have an impact on human judgment of
facial attractiveness.

The phi mask model in its current state par-
tially factors in symmetry because the model is
itself perfectly symmetrical but as tested does not
directly take into account featural fluctuating
asymmetry. This could be possibly achieved by
adding a weighting factor to instances of featural
fluctuating asymmetry. For instance, if it is deter-
mined that asymmetry in the eyes is especially
important (let us say, twice as important as any
other featural asymmetry measure), we could mul-
tiply the nodal displacement measures for the eyes
by the fluctuating asymmetry measure for that fea-
ture and finally by the importance weighting (two
in our example for eyes).

The phi mask model does not take into ac-
count the age of the face in any way except for the
fact that the prototypical model was created using
faces in the young adult range (18 to 30 years old),
and we could hypothesize that some of the devi-
ation away from the mask of a particular face could
be related to age changes, but we could not know
whether that was the case for any individual face.
Even though this has no bearing on the results of
our own research because the faces we used for
testing are all within the same age range of the
faces that went into creating the model, we still feel
that for a model to achieve its purpose it must in
some way factor in age of the face. This can be
accomplished by creating prototypical models for
various age ranges (e.g., 30 to 40, 40 to 50, 50 to
60, 60 to 70) and/or multiplying the result by an
age factor (e.g., 0.8 for 30 to 40, 0.7 for 40 to 50,
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0.5 for 50 to 60, 0.4 for 60 to 70). There is strong
evidence as well that the age cue affects male and
female faces differently, with women aging be-
yond age 25 resulting in a far more precipitous
drop in attractiveness than for similarly aged men.
This sex difference may also be considered as par-
tially belonging to the following section.

Sexual dimorphism has been shown to have a
major impact on judgment of facial attractiveness,
with hyperfeminine features and hypermasculine
features both yielding increased facial attractive-
ness scores in their respective sex faces (the mas-
culinity effect has also been shown to be correlated
to the day of the menstrual cycle of female judges).
This sexual cue is also not taken into account by
the mask in its present form. Again, as for the
aging face, separate prototypical models for each
sex could be created. In fact, Dr. Marquardt has
since created a male variant of the phi mask. Dr.
Marquardt notes that the differences in the male
variant mask in the repose frontal view are: “1]
prominent supra-orbital (brow) ridges (frontal
bossing) resulting in deep set appearing eyes; 2]
flatter and narrower eyebrows; 3] slightly narrower
eyes; 4] eyes less “wide open” (eye lids slightly
closed); 5] slightly longer and/or wider nose; 6]
slightly thinner lips (especially upper lip); 7]
square/angled and or larger jaws.”17 Clearly, Dr.
Marquardt has departed from the original claim
that he made in his patents that the phi mask in
its original state could be used to measure facial
attractiveness in both sexes.

Other cues have also been shown to have an
effect on facial attractiveness as well (e.g., skin
quality and body mass index56 ), and it is theoret-
ically possible to provide weightings for these in
constructing a facial attractiveness measurement
model. For example, an equation such as the one
below may be constructed to arrive at a final num-
ber for objective attractiveness: Attractiveness quo-
tient � Weighted deviation from sex prototypical
age face � Sex featural fluctuating asymmetry
weightings � Sex-specific age factor � Sex skin
quality factor � Sex body mass index factor.

The multiple linear regressions for the 35
nodal points allowed the phi mask to explain 70
percent of the variance in male facial attractive-
ness and almost 90 percent of the value in female
facial attractiveness. These values are in the same
ballpark as correlations obtained between judges;
therefore, our contention that weighting the
nodal points would allow us to achieve a closer
correlation to judged attractiveness not only ap-
pears to be true, but we seem to have devised an
objective quantitative system that has “at least the

same correlation with measures by various panels
of judges (at least an r � 0.80 and preferably an
r � 0.90).”11

Thus, we can add to our list of general con-
clusions that the phi mask fits female faces more
closely than male faces; that weighting the devia-
tion of nodal points improves the performance of
the phi mask model; and that the phi mask model
can potentially explain perhaps as much as 80 to
90 percent of the variance in facial attractiveness
when tweaked appropriately in the future. Finally,
the phi mask model supports averageness or pro-
totypicality of the face as being the major compo-
nent of the facial attractiveness gestalt and is a first
step in producing an objective system for measur-
ing facial attractiveness.

Mounir Bashour, M.D., C.M., Ph.D.
4175 Sainte Catherine Street West

Montreal, Quebec H3Z 3C9, Canada
bashour@email.com
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