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SUMMARY Background: Limited data are available regarding observers’ visual attention to 
faces with congenital difference. We implemented eye tracking technology to examine this 
issue, as it pertains particularly to faces with cleft deformity. 
Method: Four hundred three observers assessed 273 clinical images, while their eye movements 
were unobtrusively tracked using an infrared sensor. Forty-one facial images of the repaired 
cleft lip, 137 images of other facial conditions, and 95 images of matched controls were as- 
sessed. Twenty facial regions of interest ("lookzones") were considered for all images observed. 
A separate cohort of 720 raters evaluated the images for attractiveness. Observer and image 
demographic information was collected. Visual fixation counts and durations were computed 
across all 20 lookzones for all images. 
The effect of a variety of variables on lookzone fixation was analyzed using factorial ANOVA 
testing. 
Results: Cleft-repaired faces were rated as less attractive and drew observers’ attention pref- 
erentially to the affected upper lip lookzone (p < .001). Images rated as less attractive garnered 
greater visual attention in the cleft-affected lookzones (p < .001). The eye tracking methodol- 
ogy demonstrated exquisite sensitivity to laterality of cleft deformity (p < .001). Individuals 
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reporting a personal or a family history of facial deformity fixated more on the perioral region 
of cleft-repaired faces than did naïve observers (p < .001). 
Conclusion: These findings highlight the utility of eye tracking measures for understanding 
critical variables that influence the visual processing of faces with cleft deformity. The data 
may provide analytical tools for assessing surgical outcome and direct priority setting during 
surgeons’ conversations with patients. 
© 2018 British Association of Plastic, Reconstructive and Aesthetic Surgeons. Published by El- 
sevier Ltd. All rights reserved. 
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NTRODUCTION 

ttractive people elicit more positive first impressions and 
end to be treated in a more positive manner than their
eers. 1-3 Conversely, cleft lip facial deformity has been as- 
ociated with problems in psychosocial adjustment 4 and a 
easured reduction in quality of life – even after surgical 
econstruction. 5–7 While behavioral studies offer valuable 
nsights into the experience of living with a facial cleft de-
ormity, they have not explained well how other individu- 
ls visually process faces they perceive as being physically 
typical. The eyes are arguably the most active of the hu-
an sense organs. 8 Rather than passively accepting sensory 

nput, the eyes are constantly shifting as they scan objects 
nd detect various salient structural cues. Fine movements 
f the eyes are necessary to properly target the fovea onto
bjects of interest. Because detailed information can be ob- 
ained only through the narrow foveal window, it is neces- 
ary for the eyes to move from point to point of transient
oncentration ( fixations ) following rapid sequential move- 
ents ( saccades ). The duration of a fixation varies from ap-
roximately 100 ms to several seconds. 9 

Initial visual processing of a face occurs 170 ms after pre-
entation, facial recognition has been estimated to occur as 
arly as the 300 ms timepoint, and emotion detection en-
ues between 400 and 600 ms. 10,11 While all of these data
eflect the earliest stages of visual processing of a face, eye
racking research considers the series of movements that 
ake place as an observer scans an image over a longer time
nterval. In this study, we measured observers’ visual atten- 
ion reflected by how their eyes tracked over facial images 
uring a 10 s window of time. 
Recordings of gaze behavior can demonstrate where in a 

isual scene an observer is seeking detailed information re- 
uired for perception. 12,13 Numerous studies have corrobo- 
ated the fact that one’s eyes are generally directed toward
he object of one’s thoughts. 14–19 In the case of facial per-
eption, it is understood that primary attention is paid to
he eyes, nose, and mouth. 20 Despite the ample body of in-
ormation about gaze behavior, there are scant data about 
he visual processing of facial difference. We have imple- 
ented eye tracking technology to examine this issue, as it
ertains specifically to faces with cleft deformity. 

ATERIALS AND METHODS 

TUDY PARTICIPANTS 

hree distinct groups of participants were included in this 
tudy: “stimulus group, ” “observer group, ” and “rater 
roup. ”
timulus group 

he stimulus group included patients presenting to the se-
ior author’s clinical practice (MAS) who had undergone 
left lip repair (N = 41), as well as of those with other types
f facial conditions: dermatochalasis (N = 17), blepharopto- 
is (N = 5), ear deformity (n = 21), facial aging (N = 23), nasal
eformity (N = 23), facial lipodystrophy (N = 17), facial asym-
etry (N = 4), and various facial lesions (N = 27). Images were
lso obtained from 95 age-/gender-matched “controls” (in- 
ividuals without a defined facial diagnosis). A total of 273
mages were studied (female: 141, male: 132). All partici-
ants in the stimulus group provided signed informed con-
ent to allow their facial images to be used in the study, as
er protocol approved by the Dartmouth College Commit- 
ee for the Protection of Human Subjects. Nine slideshows 
ontaining 40 images each (20 experimental images and 20
ontrol images) were created. These individual slideshows 
ere composed to display a balanced representation of di-
gnosis (cleft, noncleft, and control), gender, and age range
nd also to present a manageable number of images to each
bserver (see below). Some control images were repeated 
n different slideshows to allow for adequate age/gender 
atching. 
The age range of the stimulus group was 3.5 months to

5 years, while all of the patients with cleft lip deformity
ere ≤38 years old. Racial classification of the stimuli im-
ges were as follows: white 93%, Asian 4%, and Hispanic 3%.
aterality of the 41 cleft images was unilateral left (17),
nilateral right (10), and bilateral (14). 

bserver group 

he observer group consisted of individuals who agreed to
ave their eyes tracked while observing one of nine sets
f 40 images that were randomly displayed on a computer
creen for 10 seconds each (N = 403). Observers also com-
leted a demographic survey. The 403 unique observers 
ere recruited from three different locations (in Hanover, 
H: 107 adults, from the Dartmouth College and Dartmouth
itchcock Medical Center community; in Bangkok, Thailand: 
49 adults, recruited off the street in a central business 
istrict; and from Cairo, Egypt: 49 adults recruited from
ersonal contacts of the co-author O.D.). The age range of
he observers was 18-80 (mean = 24.9 years). There were
76 females, 186 males, and 41 without specified gender.
bserver race/ethnicity was self-classified as Asians 65%, 
hite 19%, multiethnic 2%, Hispanic 1%, black 0.5%, Native
merican 0.5%, and Native Hawaiian 0.2%. Eighteen (4.5%) 
f the observers reported having a personal or a family his-
ory of facial deformity. All subjects underwent visual acuity
esting, and 20/40 vision or better was required in each eye
or inclusion (lens correction permitted). 
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Figure 1 Lookzones were hand-drawn onto all experimental images using predetermined anatomic landmarks. Ten matching zones 
were identified on each side of the face, classified as follows: forehead (1,2); periorbital (3,4); glabellar (5,6); infraorbital (7,8); 
lateral nasal sidewall (9,10); mid-cheek (11,12); nasal tip, nares, and columella (13,14); upper lip (15,16); lower lip, chin, mandible 
(17,18); ear (19,20). 
The above two facial images were obtained from the National Library of Medicine’s open-access “Open-I” website ( https://openi. 
nlm.nih.gov/detailedresult.php?img=PMC3924917 _ 1746- 160X-9-38-1&query = cleft + lip&it = ph&vid = 1&req = 4&npos = 283). The 
creative commons licensing rules were adhered to ( https://creativecommons.org/licenses/by/4.0/ ). The images were altered 
here by adding only the outlines of the 20 lookzones used in the current study. Image source: Nkenke E, Stelzle F, Vairaktaris E, 
Knipfer C. Do cleft lip and palate patients opt for secondary corrective surgery of upper lip and nose, frequently? Head Face Med 
2013;9:38 doi: 10.1186/1746- 160X- 9- 38 . 25 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Rater group 

A separate cohort of raters (N = 720) were recruited by word-
of-mouth and by online contact. The raters assessed all 273
stimuli photographs for attractiveness on a 1-7 point Likert
scale by an online survey. To provide scale anchors, sample
images of males and females representing “7” (most attrac-
tive) and “1” (least attractive) based on the authors’ judg-
ment were presented at the beginning of their survey. The
rating process was performed using a web-based survey tool
(SurveyGizmo, Boulder, CO). 

EYE TRACKING PROTOCOL 

Each study image was presented to the observers on a
17 inch flat-screen computer monitor for 10 seconds. It
required just less than 9 min for the subjects to com-
plete the entire 40 image slideshow, including 3 s inter-
vals of a blank, black screen displayed in between the im-
ages. No specific instructions were given to the observers;
they were simply asked to freely view the images. Quick
Screen Capture software (version 3.0, Etrusoft, Kaysville,
UT) was used to present PowerPoint (Microsoft, Redmond,
WA) slideshows containing the image stimuli displayed in a
random order from one subject to another. An EyeTech TM4
desktop-mounted, high-resolution eye tracking system was
used (EyeTech Digital Systems, Mesa, AZ), which captures
infrared light reflected off the cornea at a binocular data
tracking rate of 30 Hz and an accuracy of 0.5 degrees vi-
sual angle. The low-profile TM4 console was placed unob-
trusively at the base of the computer monitor. Each partic-
ipant’s head was held stationary in an optometric chinrest
60 cm from the monitor. At that distance, and with the eye
tracking system reporting an accuracy of + /- 0.5 degree vi-
sual angle, the maximum eye tracking error is calculated to
be + /- 5 mm. Even the smallest study lookzones when pro-
jected onto the 17 inch monitor measured at least 1.4 cm
in each dimension, with an area of at least 2 cm 

2 . The eye
tracking procedure started with a calibration/validation se-
quence in which participants were asked to follow a dot pre-
sented randomly at nine different locations on the screen.
The system was calibrated on a per-subject basis at the be-
ginning of the experiment. Twenty esthetic regions of inter-
est (“lookzones”) using predetermined anatomic landmarks
were traced onto each facial image in advance of the study
( Figure 1 ). 21 The lookzones were unseen to the observers.
EyeTech’s Quick Link API software was used to compute real-
time data from the eye tracking system, which captured the
x,y position of the eye every 33 ms. The software program
computed the fixation counts and durations with time and
relative to each facial esthetic lookzone. A fixation was de-
fined as a gaze duration of > 100 ms. All information was
imported from Excel (Microsoft, Redmond, WA) files to SPSS
v.22.0 (IBM, Armonk, NY) and analyzed in relation to the de-
mographic/diagnostic details of the stimulus, observer, and
rater groups. 

DATA ANALYSES 

All data analyses were conducted in SPSS v.22.0. Visual-
ization of data was facilitated with Tableau version 8.3.3
(Tableau Software, Seattle, WA). Mean fixation counts and
durations were computed across all 20 lookzones for the ex-
perimental and control stimuli. The interaction effect of a
variety of independent variables on lookzone fixation was

https://openi.nlm.nih.gov/detailedresult.php?img=PMC3924917_1746-
https://creativecommons.org/licenses/by/4.0/
http://dx.doi.org/10.1186/1746-160X-9-38
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Figure 2 The distribution of cleft images (stimuli) by age, gen- 
der, and attractiveness rating. 

Figure 3 The distribution of cleft images (stimuli) by gender, 
attractiveness rating, and laterality. 
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nalyzed using factorial ANOVA testing. Significance was set 
t the p < .05 level. 

ESULTS 

he distribution of the 41 cleft images (stimuli) in terms of
ge, gender, and attractiveness rating is shown in Figure 2 .
he mean age in the female images was 11.76 years and in
ale images was 13.55 years. The mean attractiveness rat- 

ng of the female faces was 2.94 and of male faces was 2.93.
here was no statistically significant difference in age dis- 
ribution or attractiveness rating between female and male 
mages. 

When cleft images were compared to their matched con- 
rol images, a notable difference in attractiveness was de- 
ected. This was seen for both unilateral and bilateral cleft
ip. Similar to control images, there was a trend toward
ower attractiveness rating with advancing age ( Figure 3 ). 
Our eye tracking analysis confirmed that observers pref- 

rentially fixate on the orbital region of all faces. 20 Of par-
icular interest in our findings, however, was the marked 
ncrease in fixation identified in the upper lip lookzone of
mages displaying a cleft lip ( Figure 4 ). With added ob-
erver attention paid to lookzones of cleft deformity, there 
as a secondary “steal” effect seen away from some of
he other lookzones compared to the eye tracking of con-
rol images. Subjects fixated 17.42% of the time within up-
er lip lookzones of cleft images compared to 8.49% of
he time for the control image. This effect carried over
o fixation in the lower lip lookzone (cleft,11.54% vs. con-
rol, 8.62%) and to the nasal tip and columella (10.08% vs.
.4%). For all comparisons between cleft and control im-
ges, the interaction effect across lookzones was signifi- 
ant, F (9, 73,620) = 81.621, p < 0.001. 
These findings were seen with more granularity and con-

istency when the cleft images and lookzones were broken
ut by laterality ( Figure 5 ). For right unilateral cleft lip,
ttention was drawn preferentially to the right upper lip
12.72%) versus the noncleft left upper lip (4.87%). For left
nilateral cleft lip, this effect was reversed, with left upper
ip fixation (11.28%) greater than fixation on the noncleft
ight upper lip (7.41%). This laterality interaction effect was 
ignificant, F (38, 36,556) = 10.576, p < .001. A similar later-
lity effect was seen in the nasal tip/nares/columella and
ower lip lookzones. While images of bilateral cleft lip drew
ore attention to the perioral and perinasal regions than
id control images, when compared to the images of right
r left unilateral cleft lip, the fixation durations tended to
e shorter than the affected side and longer than the non-
left side. Of note, our data showed a highly consistent “left
aze bias” (i.e., the right side of the face tends to be looked
t first and for longer periods of time), which has been pre-
iously documented. 22–24 

While considering the attractiveness ratings of the faces 
ith a cleft lip, we found that less attractive faces gar-
ered greater attention than more attractive faces in the
pper and lower lip lookzones. Of the 41 cleft images, av-
rage attractiveness ratings ranged from 2.08 to 4.85. For
urposes of data visualization ( Figure 6 ), the attractiveness
ating score was rounded to the nearest whole number. We
etected a relationship between attractiveness and percent 
ime fixating on the upper and lower lip zones in the cleft
mages. Subjects spent 19.05% of the time fixating on the
pper lip lookzone of the least attractive cleft images (cat-
gory 2) vs. 8.52% for the most attractive cleft images (cat-
gory 5). A similar effect was seen in the lower lip lookzone
13.89% vs. 6.65%). The interaction between attractiveness 
atings and lookzones was significant for the cleft images,
 (35, 36,567) = 5.797, p < .001. For the control images, at-
ractiveness ratings demonstrated no discernible effect of 
ttractiveness across our defined lookzones. 
Eighteen observers indicated that they had a personal 

r a family history of significant facial deformity (e.g., fa-
ial clefts, traumatic facial accidents, and vascular or pig-
ented birthmarks). These subjects paid greater attention 
o the upper lip lookzone of cleft images (24.6% of fixa-
ion time) than did subjects without that particular personal
ackground (16.78% of fixation time) ( Figure 7 ). 

ISCUSSION 

e have implemented eye tracking technology to track ob-
ervers’ visual processing of facial images with cleft lip de-
ormity. We considered a number of variables that could
otentially influence facial perception: presence of cleft, 
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Figure 4 While the orbital region was predictably the primary attraction on the face, the presence of a cleft lip resulted in a 
doubling of fixation time in the upper lip lookzone. 

Figure 5 Preferential attention was paid to affected facial lookzones, with a predictable association with cleft laterality. An 
associated “steal” effect away from other lookzones is noted. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

laterality of cleft, image attractiveness, and observer’s per-
sonal/family history of a facial deformity. Both the scale and
scope of our study differentiate it from prior research. 25–28 

Meyer-Marcotty et al. studied 18 black and white images
of adults with repaired unilateral cleft lip (and 18 control
images), whereas Schijndel et al. analyzed 18 color images
of adults with repaired cleft lip (laterality unspecified and
digitally corrected controls). Dindaroglu et al. considered a
total of 30 adult black and white images: 10 images with
repaired unilateral cleft, 10 images with repaired bilateral
cleft, and 10 images as control. The aforementioned studies
all examined only 4 facial lookzones without any considera-
tion of laterality of gaze. 

In contrast, our stimuli included 41 color facial images
of patients with repaired unilateral or bilateral cleft lip.
The present study is the first to include the facial images
of children, with the stimuli dataset ranging in age from
3.5 months to 38 years of age (mean: 12.7 years). We ex-
amined the eye tracking patterns of 403 subjects who ob-
served the cleft images, and also the facial images of 232
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Figure 6 Cleft images that were rated as less attractive garnered greater visual attention in the upper and lower lip lookzones. 

Figure 7 Observers with a personal or a family history of facial deformity fixated more on the perioral region of cleft faces. 
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ge- and gender-matched non-cleft individuals. We estab- 
ished 20 bilateral facial lookzones reflecting the accepted 
sthetic units of the face critical to reconstructive sur- 
eons 29 ( Figure 1 ). Analyzing the entire face systematically 
ith regard to esthetic units allowed us to broadly con- 
ider the anatomic distribution of gaze and to report eye 
racking data of far greater granularity than prior stud- 
es. 

Notably, in our protocol, the cleft faces were incor- 
orated into a much larger stimuli dataset, including 137 
mages depicting other diagnosed facial conditions and 95 
ontrol images. By embedding the cleft images within the 
lideshow presentations, we aimed to limit observer habitu- 
tion to the structural cues inherent in repaired cleft faces 
uring the eye tracking procedure. In the previous reports, 
bservers gazed upon experimental images of only repaired 
left lips and hence may have reflexively tracked to the lip
egions once they detected a pattern to the images being
isplayed. 
While we detected an inverse relationship between age 

nd attractiveness ratings ( Figure 2 ), observers’ gaze was
onsistently drawn to the cleft deformities in a manner sim-
lar to that previously demonstrated for adult faces. How-
ver, it is interesting to note that almost no attention was
aid to the glabellar region of the cleft images or their
atched controls (or to the larger cohort of control images
ithin our dataset). While it is well appreciated that rest-
ng and dynamic lines in the glabellar region play an impor-
ant role in adults’ nonverbal expression of anger and dis-
ust/contempt, 30,31 it is possible that the two-dimensional, 
tatic nature of the images displayed in the current study
o not adequately convey emotional valence. 
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Our key findings can be summarized as follows: (1) cleft-
repaired faces were rated as less attractive across the broad
age distribution studied, (2) cleft-repaired faces signifi-
cantly drew observers’ attention to affected areas, most
strongly to the upper lip lookzone, (3) the eye tracking
methodology that we employed confirmed a left-gaze bias,
demonstrated exquisite sensitivity to the laterality of cleft
deformity, and revealed a relative “steal” effect away from
the typically more alluring peri/infraorbital regions of the
face, (4) cleft-repaired images that were rated as less at-
tractive by an independent rater group garnered greater vi-
sual attention by our observer group in the upper and lower
lip lookzones, and (5) as compared to naïve observers, in-
dividuals with a personal or a family history of facial defor-
mity visually fixated more on the perioral region of faces
with repaired cleft lip. 

The implications of this work to the reconstructive sur-
geon are significant. It is understood that the human ca-
pacity for facial recognition is highly sensitive, with most
adults able to recognize and differentiate one face among a
large multitude. While the relative contribution of nonver-
bal versus verbal communication to impression formation is
uncertain, 32–35 there can be little question as to the impor-
tance of facial structural cues in human social interaction.
Multilayered information is instinctively interpreted from
faces, including age, gender, ethnicity, attitude/emotion,
well-being, trustworthiness, and social status. 36–38 While ex-
perimental psychologists have studied the importance of
the face in social judgments for decades, there has recently
been increased attention paid to facial analysis. Modern
facial recognition systems employing machine learning al-
gorithms are rapidly being developed to match – or even
improve upon – the human capacity to interpret faces. 39 

Meanwhile, the reconstructive surgeon’s ultimate goal in
treating individuals with cleft deformity is to conceal the
stigmata of facial difference so that they become unde-
tectable to either cognitive or technological methods of
perception. That is, the better the outcome, the less de-
tectable the defect. Available methods to measure the out-
come of facial reconstruction are subjective and may not
accurately determine how an affected face is interpreted.
Evaluations submitted by external raters, or by patient self-
report, may be influenced by expert knowledge, emotional
antecedent, or implicit attitude, 40 unreliably conveying how
one is perceived by others. 41–43 By establishing a normative
pattern of facial eye tracking across 20 facial lookzones in
an age- and gender-matched control group, we have created
a reference distribution against which to compare the per-
ception of reconstructed faces deformed by cleft or other
conditions. While routine eye tracking analysis is not a fea-
sible approach to implement in a clinical setting, our data
may help inform surgeons’ conversations with patients by
objectively demonstrating the pattern of cleft face percep-
tion. The impact of this work would be amplified by a com-
parative analysis of eye tracking changes following surgical
reconstruction of cleft stigmata, a focus of our ongoing re-
search. 

Finally, while the algorithms for facial recognition sys-
tems extract landmarks to analyze size, shape, proportion,
and spacing of features, they are not constructed to incor-
porate the human patterns of gaze preference. It is possible
that in the future artificial intelligence technology intended
to mimic human facial perception will integrate the type of
eye tracking data generated in this study. 
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8. Dindarog ̆lu F, Dog ăn S, Amado S, et al. Visual perception of
faces with unilateral and bilateral cle lip and palate: An Eye-
Tracking Study. Orthod Craniofac Res 2017; 20 :44–54. doi: 10.
1111/ocr.12140 . 

9. Fattahi, Tirbod T. An overview of facial aesthetic units. Journal
of Oral and Maxillofacial Surgery 2003; 61 (10):1207–11. doi: 10.
1016/s0278- 2391(03)00684- 0 . 

0. Heckmann M, Teichmann B, Schröder U, et al. Pharmacologic
denervation of frown muscles enhances baseline expression of
happiness and decreases baseline expression of anger, sadness,
and fear. J Am Acad Dermatol 2003; 49 (2):213–16. doi: 10.1067/
s0190- 9622(03)00909- 5 . 

1. Ekman P . Facial expression and emotion. American Psycholo-
gist 1993; 48 :384–92 . 

2. Mehrabian A , Wiener M . Decoding of inconsistent communica-
tions. J Pers Soc Psychol. 1967; 6 (1):109–14 . 

3. Friedman HS . The Relative Strength of Verbal versus Nonverbal
Cues. Pers Soc Psychol B 1978; 4 (1):147–50 . 

4. Ekman P , Friesen WV , O’Sullivan M , et al. Relative importance
of face, body, and speech in judgments of personality and af-
fect. J Pers Soc Psychol 1980; 38 (2):270–7 . 

5. Ambady N , Rosenthal R . Thin Slices of Expressive Behavior as
Predictors of Interpersonal. Consequences: A Meta-Analysis. 
Psychol Bull 1992; 111 (2):256–74 . 

6. Axelsson J , Sundelin T , Axelsson C , et al. Identification of
acutely sick people and facial cues of sickness. Brain, Behav-
ior, and Immunity 2017; 66 . 

7. Bjornsdottir RT , Rule NO . The Visibility of Social Class From Fa-
cial Cues. J Pers Soc Psychol 2017; 113 (4):530–46 . 

8. Ekman P . Facial expressions of emotions: New findings, new
questions. Psychol Sci 1992; 3 (1):34–8 . 

9. The facial-industrial complex. Ever better and cheaper, 
face-recognition technology is spreading. The Economist 
2017. Sep 9th https://www.economist.com/news/business/ 
21728654- chinas- megvii- has- used- government- collected- data-
lead- sector- ever- better- and- cheaper . 

0. van Leeuwen ML , Macrae CN . Is Beautiful Always Good?
Implicit Benefits of Facial Attractiveness. Soc Cognition 
2004; 22 (6):637–49 . 

1. Al-Omari I , Millett DT , Ayoub AF . Methods of assessment of
cleft-related facial deformity: a review. Cleft Palate Cranio-
fac J 2005; 42 (2):145–56 . 

2. Tanikawa DY , Alonso N , Rocha DL . Evaluation of primary cleft
nose repair: severity of the cleft versus final position of the
nose. J Craniofac Surg 2010; 21 (5):1519–24 . 

3. Sitzman TJ , Allori AC , Thorburn G . Measuring outcomes in
cleft lip and palate treatment. Clin Plast Surg 2014; 41 (2):311–
319 . 

https://doi.org/10.1080/14639220210159735
https://doi.org/10.3758/bf03196818
https://doi.org/10.1068/p060313
https://openi.nlm.nih.gov/detailedresult.php?img=PMC3924917_1746-160X-9-38-1&query=cleft+lip&it=ph&vid=1&req=4&npos=283
https://creativecommons.org/licenses/by/4.0/
https://doi.org/10.1186/1746-160X-9-38
https://doi.org/10.1016/0028-3932(73)90049-3
https://doi.org/10.1016/s0010-9452(88)80019-4
https://doi.org/10.1016/s0028-3932(96)00111-x
https://doi.org/10.1177/0022034509359488
https://doi.org/10.1597/08-244
https://doi.org/10.1016/j.jcms.2015.07.003
https://doi.org/10.1111/ocr.12140
https://doi.org/10.1016/s0278-2391(03)00684-0
https://doi.org/10.1067/s0190-9622(03)00909-5
http://refhub.elsevier.com/S1748-6815(18)30467-4/sbref0031
http://refhub.elsevier.com/S1748-6815(18)30467-4/sbref0031
http://refhub.elsevier.com/S1748-6815(18)30467-4/sbref0032
http://refhub.elsevier.com/S1748-6815(18)30467-4/sbref0032
http://refhub.elsevier.com/S1748-6815(18)30467-4/sbref0032
http://refhub.elsevier.com/S1748-6815(18)30467-4/sbref0033
http://refhub.elsevier.com/S1748-6815(18)30467-4/sbref0033
http://refhub.elsevier.com/S1748-6815(18)30467-4/sbref0034
http://refhub.elsevier.com/S1748-6815(18)30467-4/sbref0034
http://refhub.elsevier.com/S1748-6815(18)30467-4/sbref0034
http://refhub.elsevier.com/S1748-6815(18)30467-4/sbref0034
http://refhub.elsevier.com/S1748-6815(18)30467-4/sbref0034
http://refhub.elsevier.com/S1748-6815(18)30467-4/sbref0035
http://refhub.elsevier.com/S1748-6815(18)30467-4/sbref0035
http://refhub.elsevier.com/S1748-6815(18)30467-4/sbref0035
http://refhub.elsevier.com/S1748-6815(18)30467-4/sbref0036
http://refhub.elsevier.com/S1748-6815(18)30467-4/sbref0036
http://refhub.elsevier.com/S1748-6815(18)30467-4/sbref0036
http://refhub.elsevier.com/S1748-6815(18)30467-4/sbref0036
http://refhub.elsevier.com/S1748-6815(18)30467-4/sbref0036
http://refhub.elsevier.com/S1748-6815(18)30467-4/sbref0037
http://refhub.elsevier.com/S1748-6815(18)30467-4/sbref0037
http://refhub.elsevier.com/S1748-6815(18)30467-4/sbref0037
http://refhub.elsevier.com/S1748-6815(18)30467-4/sbref0038
http://refhub.elsevier.com/S1748-6815(18)30467-4/sbref0038
https://www.economist.com/news/business/21728654-chinas-megvii-has-used-government-collected-data-lead-sector-ever-better-and-cheaper
http://refhub.elsevier.com/S1748-6815(18)30467-4/sbref0040
http://refhub.elsevier.com/S1748-6815(18)30467-4/sbref0040
http://refhub.elsevier.com/S1748-6815(18)30467-4/sbref0040
http://refhub.elsevier.com/S1748-6815(18)30467-4/sbref0041
http://refhub.elsevier.com/S1748-6815(18)30467-4/sbref0041
http://refhub.elsevier.com/S1748-6815(18)30467-4/sbref0041
http://refhub.elsevier.com/S1748-6815(18)30467-4/sbref0041
http://refhub.elsevier.com/S1748-6815(18)30467-4/sbref0042
http://refhub.elsevier.com/S1748-6815(18)30467-4/sbref0042
http://refhub.elsevier.com/S1748-6815(18)30467-4/sbref0042
http://refhub.elsevier.com/S1748-6815(18)30467-4/sbref0042
http://refhub.elsevier.com/S1748-6815(18)30467-4/sbref0043
http://refhub.elsevier.com/S1748-6815(18)30467-4/sbref0043
http://refhub.elsevier.com/S1748-6815(18)30467-4/sbref0043
http://refhub.elsevier.com/S1748-6815(18)30467-4/sbref0043

	Measuring visual attention to faces with cleft deformity
	INTRODUCTION
	MATERIALS AND METHODS
	STUDY PARTICIPANTS
	Stimulus group
	Observer group
	Rater group

	EYE TRACKING PROTOCOL
	DATA ANALYSES

	RESULTS
	DISCUSSION
	Financial Disclosure Statement
	References


