Facial Surgery

Aesthetic Surgery Journal

2093, Vol 43(2) 115-122

© The Author(s) 2022. Published by
Oxford University Press on behalf of The
Aesthetic Society. All rights reserved.
For permissions, please e-mail:
journals.permissions@oup.com
https://doi.org/10.1093/asj/sjac251

www.aestheticsurgeryjournal.com

OXFORD

UNIVERSITY PRESS

How We Look At Mature Faces—An
Eye-Tracking Investigation Into the
Perception of Age

Konstantin Frank, MD; Denis Ehrl, MD, PhD; Francesco Bernardini, MD;
Alina Walbrun; Nicholas Moellhoff, MD; Michael Alfertshofer®;

Kristina Davidovic, MD; Samir Mardini, MD; Robert H. Gotkin, MD;

and Sebastian Cotofana, MD, PhD

Abstract

Background: It is still unclear which facial region contributes most to the perception of an aged face when evaluated by
eye-tracking analyses.

Objectives: The authors sought to apply eye-tracking technology to identify whether mature faces require longer fixation
durations than young faces and which facial region contributes most to the perception of a mature face.

Methods: Eye-tracking analyses were conducted in 74 volunteers (37 males, 37 females; 43 <40 years, 31> 40 years) eval-
uating their gaze pattern and the fixation durations for the entire face and 9 facial subregions. Frontal facial images of
16 younger (<40 years) and older (>40 years) gender-matched individuals were presented in a standardized setting.
Results: Independent of age or gender of the observer, a younger stimulus image was viewed shorter than an older stimulus
image with 0.82 (0.63) seconds vs 1.06 (0.73) seconds with P < 0.001. There was no statistically significant difference in their du-
ration of a stable eye fixation when observers inspected a male vs a female stimulus image [0.94 (0.70) seconds vs 0.94 (0.68)
seconds; P=0.657] independent of the observer’s age or gender. The facial image that captured the most attention of the ob-
server (rank 9) was the perioral region with 1.61(0.73) seconds for younger observers and 1.57 (0.73) seconds for older observers.
Conclusions: It was revealed that the perioral region attracts the most attention of observers and contributes most to an
aged facial appearance. Practitioners should be mindful of the importance of the perioral region when designing an aes-
thetic treatment plan.
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In 2000, Langlois et al published their meta-analysis on the
theories behind beauty and revealed that people are gen-
erally aligned in their opinion about attractiveness indepen-
dent of gender, age, and cultural background.1’2 In 2004,
Ramsey et al revealed that 6-month-old infants gazed lon-
ger at faces judged by adults as attractive and spent less
time looking at faces that were judged as not attractive,
thus providing support for a genetically imprinted recogni-
tion algorithm when observing beauty.>*® At the same
time, a plethora of neuroscientific studies were conducted
that tried to increase our understanding of how and where
in the brain beauty is perceived based on the assumption
that, despite the adage, “beauty is in the eye of the behold-
er,” a general underlying concept might be present.*"

Trying to understand and provide proof for such a con-
cept, recent studies applied eye-tracking technology,
which captures eye movements, gaze patterns, and fixation
durations; all are indirect information about people’s un-
conscious and conscious attention and preferences.14
Based on their eye-tracking results, researchers postulated
their theory of the internal representation of beauty.">®
This theory assumes that in every individual an internal
blueprint or internal representation of beauty is present
that determines what is perceived by the individual as
beautiful or not. Following that theory, inspected objects
or people that were perceived as beautiful matched with
their internal standard of beauty. Conversely, inspected ob-
jects or people that did not match with their internal blue-
print were perceived as not beautiful. Mismatching,
however, forces the observer to align the visual input to
their internal blueprint, and the extent of the mismatch
needs additional cognitive processing time and additional
visual information to be aligned and understood. The
time needed for capturing additional visual information,
that is, measurement of fixation duration, can be measured
with eye-tracking analyses.2%-23

Mature faces were previously shown to be perceived as
less attractive, less likeable, less distinctive, and less ener-
getic when rated by both younger and older evaluators.?*
These results can be explained by the presence of altered
facial features in mature faces, which can be associated
with certain character traits.>® However, it is still unclear
which facial feature contributes most to an aged facial ap-
pearance and which facial feature should be addressed
first based on its visual perception during aesthetic
treatments.

Therefore, the objective of this study was to apply eye-
tracking technology to (1) identify whether mature faces re-
quire longer fixation durations than younger faces, and (2)
which facial region contributes most to the perception of a
mature face. The analysis will provide a deeper under-
standing of the perception of facial aging and will allow
for a further exploration of the internal representation of
beauty theory.

METHODS
Investigated Study Sample (Observers)

The volunteers investigated were recruited through the
outpatient clinic of the Department of Hand, Plastic and
Aesthetic Surgery, University Hospital Munich, Germany,
without specific inclusion or exclusion criteria. All volun-
teers had no medical background or exposure to delivering
aesthetic medical care.

Prior to inclusion into the study, volunteers were in-
formed and provided signed consent about the procedure
performed (eye tracking) and about the data collected (de-
mographic information, eye-tracking results). The study
was reviewed and approved by the IRB of Ludwig
Maximilian’s University, Munich, Germany (IRB protocol
number: 20-1018) and was conducted between July 2021
and March 2022.

Displayed Study Sample (Stimulus)

The investigated volunteers were exposed to a visual stim-
ulus for a total duration of 10 seconds. The visual stimulus
consisted of standardized frontal images of 16 individuals:
8 males and 8 females. Each gender group consisted of
4 individuals younger than 40 years of age and 4 individu-
als older than 40 years of age. The presentation of the visu-
al stimulus was randomized prior to image exposure
(randomization was performed online via: www.random.
org [Dublin, Ireland]), and the randomized images
were then imported into the eye-tracking device. The
eye-tracking device displayed all images in the same (but
randomized) sequence, and all observers inspected the
images in the same sequence. Image presentation was
separated by a 2-second resting period displaying a black
screen. The images utilized for the visual stimulus were
stock images of males and females younger and older
than 40 years of age (www.shutterstock.com, New York,
NY, USA).

Data Analysis

Eye Movement Analysis

The data were analyzed according to a previously pub-
lished protocol."®'® In brief, a Tobii Pro Nano binocular eye-
tracking device (Tobii Pro AB, Stockholm, Sweden) operat-
ing at 60 Hz was positioned at the inferior aspect of a
15-inch laptop monitor. The monitor displayed stimulus im-
ages as described above, and the eye-tracking device cap-
tured the eye movements of the observers when
inspecting the stimulus images. The parameter of interest
for this investigation was the duration of fixation (measured
in seconds). This parameter represents the time a stable
eye fixation within the 10-second interval of visual stimulus
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exposure focused on the same facial region. This variable
can be understood as the ability of the displayed stimulus
to capture an observer’s attention, with longer viewing
times more strongly capturing an observer’s attention.

The following facial regions were separately investigat-
ed during the eye-tracking analyses:

. forehead

- temple (bilateral)

- periorbital region (bilateral)
+ nose

« medial midface (bilateral)

- lateral midface (bilateral)

- perioral region

« chin

- jawline (bilateral)

Statistical Analysis

Preliminary analyses revealed that the eye-tracking data
were not normally distributed, as assessed by Kolmogorov—
Smirnov test (P<0.05). Therefore, nonparametric tests
were applied. All calculations were performed employing
SPSS Statistics 23 (IBM, Armonk, NY, USA), and results
were considered statistically significant at a probability level
of <0.05 to guide conclusions. To account for multiple testing
when investigating differences between the 9 facial regions,
Bonferroni adjustment was performed; this resulted in a new
significance level of 0.05/9=0.006. For better readability,
however, data are presented as mean value and the respec-
tive +1standard deviation, but statistical testing was conduct-
ed with nonparametric testing.

RESULTS

Demographic Data

The investigated study sample (individuals exposed to the
visual stimulus and subject of the eye-tracking analyses)
consisted of 74 volunteers (37 males, 37 females) with a
mean age of 44.54 (19.9) years (range = 24-84 years). Of
those, 43 were 40 years or younger, whereas 31 were older
than 40 years of age.

General Observations

Independent of age or gender of the observer, a younger
stimulus image was viewed significantly shorter than an older
stimulus image [0.82 (0.63) seconds vs 1.06 (0.73) seconds;
P < 0.001] (Supplemental Figure). There was no statistically
significant difference in the duration of stable eye fixation
when observers inspected a male vs female stimulus image
[0.94 (0.70) seconds vs 0.94 (0.68) seconds; P=0.657] inde-
pendent of the observers age or gender. No association was
identified when correlating the age of the observers with the
fixation duration (r, =—0.037, R” =0.001).

Full-Face Analyses (Independent of Facial
Regions)

When displaying a younger stimulus image (<40 years of
age) to both younger (<40 years of age) and older
(>40 years of age) observers, no statistically significant dif-
ference was detected in the duration of stable eye fixation
[0.83 (0.63) seconds vs 0.81(0.62) seconds; P=0.337, re-
spectively]. Similarly, when displaying an older stimulus im-
age (>40 years of age) to both younger and older
observers, again no statistically significant difference was
observed in the duration of stable eye fixation [1.07 (0.74)
seconds vs 1.03 (0.72) seconds; P=0.129, respectively].
No difference between genders was detected in their
response to the younger/older stimulus image (all P>
0.05).

Younger observers (<40 years of age) displayed a statis-
tically significant reduction in overall duration of stable eye
fixation when inspecting a younger [0.83 (0.63) seconds] vs
an older [1.07 (0.74) seconds] stimulus image (P < 0.001).
Similarly, observers of older age (>40 years of age) had a
statistically significant shorter duration of their average sta-
ble eye fixation when inspecting a younger [0.81 (0.62)
seconds vs an old 1.03 (0.72) seconds] stimulus image
(P < 0.001). No difference between genders was detected
in their response to the younger/older stimulus image
(P> 0.05).

Facial-Region Analyses

Independent of whether a younger or older stimulus image
was presented, both younger and older observers had
their shortest duration of a stable eye fixation (rank 1-3)
for the forehead, the lateral midface, and the jawline; this
represents the facial outline in a frontal image (Table 1).
There was no statistically significant difference between
younger and older observers (P> 0.006; Bonferroni adjust-
ed). The facial regions inspected longest (rank 7-9) were in-
dependent of the age of the stimulus image or of the
observer: periorbital, nasal, and perioral, respectively, rep-
resenting the central facial regions. No statistically signifi-
cant difference between younger and older observers
was detected (P> 0.006).

When a young observer was presented with a younger/
older stimulus image, the ranks for the duration of stable
eye fixation were similar for both groups (Table 2). The fa-
cial regions that attracted the viewers’ attention for the lon-
gest period of time were the periorbital [1.50 (0.32) seconds
(rank 8)] and [perioral 1.61 (0.73) seconds (rank 9)] regions.
Both facial regions displayed a statistically significant differ-
ence in the duration of a stable eye fixation between a
younger vs older stimulus (P < 0.001) when viewed by a
young observer. A similar pattern was observed for older
observers: the periorbital [1.41 (0.31) seconds (rank 8)] and
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Table 1. Time in Seconds (+1x Standard Deviation) for the Duration of a Stable Eye Fixation During the 10-Second Stimulus Image

Exposure
acial feature o Olde
ounge Olde P Ra ounge ounge Olde P Ra ounge
observe observe older observe observe observe older observe
Forehead 0.42+0.33 0.47+£0.32 0.173 3/3 0.46+0.48 0.50+0.56 0.959 ”n
Temple 0.75+0.63 0.77+0.69 0.770 5/5 0.94+0.80 1.06 +0.94 0.323 5/5
Periorbital 1.35+0.34 1.32+0.29 0.182 8/8 1.50+0.32 141+0.31 0.054 8/8
Nose 1.31+£0.18 1.33+0.18 0.813 7/9 1.38+0.21 1.36+0.23 0.730 77
Medial midface 0.85+0.54 0.94+0.63 0.065 6/6 116 +0.70 116 +0.68 0.789 6/6
Lateral midface 0.41+0.49 0.39+0.37 0.968 2/2 0.86+0.96 0.62+0.49 0.124 4/3
Perioral 1.37+0.79 115+0.70 0.002* 917 1.61+0.73 157+0.73 0.630 9/9
Chin 0.59+0.36 0.49+0.34 <0.001* 4/4 0.72+0.31 0.65+0.33 0.029 2/4
Jawline 0.22+0.13 0.25+0.15 0.398 1N 0.77 +0.60 0.61+0.39 0.348 3/2

The longer the duration, the greater is the ability of the visual stimulus to capture the observer’s attention. Here, the same younger/older stimulus image was presented
to different younger/older observers. The difference in their observation times is represented by the P value; results are considered statistically significant if P < 0.006
following Bonferroni correction for multiple testing. The times of the younger/older observers were ranked according to their observational duration ranging from 1to 9,
shortest to longest. *Indicate statistical significance at the Bonferroni adjusted P values.

Table 2. Time in Seconds (+1x Standard Deviation) for the Duration of a Stable Eye Fixation During the 10-Second Stimulus Image

Exposure

Facial feature

Younger observer

Older observer

Younger Older P Rank younger/ Younger Older P Rank younger/

stimulus stimulus older stimulus stimulus stimulus older stimulus
Forehead 0.42+0.33 0.46+£0.48 0.889 31 0.47+0.32 0.50+0.56 0.163 31
Temple 0.75+0.63 0.94+0.80 0.005* 5/5 0.77 +0.69 1.06 +£0.94 0.002* 5/5
Periorbital 1.35+0.34 1.50+0.32 <0.001* 8/8 132+0.29 1.41+0.31 0.007 8/8
Nose 131+0.18 1.38+0.21 0.024 717 133+0.18 136+0.23 0.175 9/7
Medial midface 0.85+0.54 116 +£0.70 <0.001* 6/6 0.94+0.63 116+0.68 <0.001* 6/6
Lateral midface 0.41+0.49 0.86+0.96 <0.001* 2/4 0.39+0.37 0.62+0.49 <0.001* 2/3
Perioral 1.37+0.79 1.61+0.73 <0.001* 9/9 115+0.70 1.57+0.73 <0.001* 7/9
Chin 0.59+0.36 0.72+0.31 <0.001* 4/2 0.49+0.34 0.65+0.33 <0.001* 4/4
Jawline 0.22+0.13 0.77+0.60 <0.001* 173 0.25+0.15 0.61+0.39 <0.001* 1/2

The longer the duration, the greater is the ability of the visual stimulus to capture the observer’s attention. Here, the same younger/older observer looked at a different
younger/older stimulus image, respectively. The difference in the observation times is represented by the P value; results are considered statistically significant if
P <0.006 following Bonferroni correction for multiple testing. The times for viewing the younger/older stimulus image per each younger/older observer were
ranked according to their observational duration ranging from 1to 9, shortest to longest. *Indicate statistical significance at the Bonferroni adjusted P values.

DISCUSSION

[perioral 1.57 (0.73) seconds (rank 9)] regions were inspect-
ed longest and displayed a statistically significant differ-
ence between a younger vs older stimulus image
when viewed by an older observer (<0.001) (Table 2;
Figures 1, 2).

This eye-tracking study sought to elucidate the differences
between younger and more mature faces relative to the fix-

ation duration and the gaze pattern of both young and old
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Figure 1. Time of total fixation for each investigated facial region between subjects younger or equal to 40 years and subjects
older than 40 years. Bars represent median value and whiskers represent 95% CI.

observers. The results revealed that, independent of who
viewed the presented stimulus image (younger or older ob-
servers), older faces were inspected significantly longer
than younger faces (1.06 (0.73) seconds vs 0.82 (0.63) sec-
onds; P < 0.001). An explanation for this difference could be
the previously postulated theory about the internal repre-
sentation of beauty: objects or people perceived as less
beautiful do not match the internal blueprint of beauty
and, therefore, require additional information for cognitive

processing. This additional cognitive processing time is re-
flected in a longer duration of stable fixations, which allows
the observer to collect more visual information. This addi-
tional visual input allows for the alignment of the mismatch
between internal blueprint and inspected object (here: a
mature face). Interestingly, this finding is in line with previ-
ous investigations that have identified that older individuals
are rated as less beautiful, and less beautiful can be trans-
lated into eye-tracking language as longer fixation
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Figure 2. Bar graph depicting the time of total fixation for the respective areas of interest when subjects younger than or equal to
40 years and subjects older than 40 years looked at an elderly stimulus. Bars represent median value and whiskers represent

95% Cl.
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durations.?* The fact that longer fixation durations were ob-
served in both younger and older observers might point to
an age-independent mechanism despite that younger and
older stimulus images were presented.

Support for an age- and gender-independent mecha-
nism to perceive beauty was additionally provided in this
study when the same visual stimulus (younger or older fa-
cial images) was presented to either younger or older ob-
servers. No statistically significant differences were
observed between the fixation duration in either of the ob-
server groups (younger vs older observers) when viewing
either the younger [0.83 (0.63) seconds vs 0.81(0.62) sec-
onds and P=0.337] or older [1.07 (0.74) seconds vs 1.03
(0.72) seconds] facial images (Figure 1). These results indi-
cate that the same visual stimulus has a similar effect on the
observer independent of their age or gender. In other
words, individuals will react similarly to viewed objects or
persons because there seems to be a general underlying
mechanism by which humans determine what is beautiful
and what is not. This is in line with previous studies that
have elaborated that people are generally aligned on their
opinion about beauty independent of gender, age, and cul-
tural background."?

When facial subregion analyses were conducted—by
presentation of a frontal stock image—the outline of the
face was scanned at the beginning of facial recognition;
this is reflected in the fixation durations, which were short-
est for the forehead, lateral midface, and jawline (ranks 1-3;
Table 1). On the contrary, and in alignment with previous
eye-tracking analyses, the longest fixation durations were
recorded for the periorbital, nasal, and perioral facial re-
gions (rank 7-9; Table 1), representing the central face.??
The observed ranks of 1to 3 for the facial outline and 7 to
9 for the central facial oval were independent of the age
of the observer and of the presented visual stimulus. This
again suggests an age- and gender-independent mecha-
nism is probably present when inspecting a face and infor-
mation is extracted from the visual stimulus.

When presenting an older facial image, the responses from
both younger and older observers were similar (Table 2): the
facial image that captured most the attention of the observer
(rank 9) was the perioral region at1.61(0.73) seconds for youn-
ger observers and 1.57 (0.73) seconds for older observers.
The long fixation durations can be understood in this context
as the area of the face that required the most visual informa-
tion to be processed by both younger and older observers.
When presenting a younger facial image to both younger
and older observers, the perioral region was ranked in the
top 3 for longest fixation durations; this emphasizes again
the importance of this region. This signifies that the perioral
region is the facial area that attracts an observer’s attention
the longest and that seems to be most responsible for an
aged facial appearance. It is subject to speculation whether
the increased attention to the perioral region is in post-

pandemic times the result of a lack of perioral exposure
due to previous masking mandates.?®

Elongation of the upper lip; thinning of the vermilion; in-
version of lips; perioral radial lines; depression of the oral
commissure; deep nasolabial, labiomandibular, and labio-
mental lines; and general perioral volume loss are signs of
aging of the perioral region.?’° Apart from skin surface ef-
fects, these changes negatively influence the facial expres-
sion of the individual and indicate an emotional status by
creating a sad or angry facial appearance.31 This perioral
area is only rivalled by the periorbital region in its expres-
siveness, and they both are unlike any other facial region
in this regard. There is no sad temple for comparison.

Clinically, the results of this study suggest that indepen-
dent of the patients’ aesthetic desires, the perioral region
should be included in the therapeutic plan in a direct or in-
direct manner. Despite previous studies that have shown
that superior outcomes can be achieved by following the
3 aesthetic principles (lateral face first, upper face first,
deep regions first), the results of the present study advo-
cate that a lower, midline facial region should not be forgot-
ten.2® Budgetary constraints might be a reason to not
include the perioral region if a patient’s complaint is midfa-
cial volume loss or the tear trough deformity. However,
neuromodulator injection with the “lip flip” technique to
evert the upper lip and the “toxin lift” injection technique
along the jawline to elevate the upper lip and the oral com-
missure and improve the nasolabial folds are viable and
reasonably priced possibilities to treat the perioral re-
gion.??33 According to the general bony shape of the
face, patients should be informed about the anticipated
course of perioral aging and the benefits of addressing
this region early and adequately. This holds true especially
for patients with upper lip elongation who might not have
the desire to undergo corrective upper lip surgery.
However, it must be kept in mind that inspecting people’s
faces serves the purpose of extracting visual information
from the object (face) inspected such as age, gender, eth-
nicity, mood, and other static and dynamic information.
Beauty is a side aspect of this information capture.

This study is not free of limitations, however. First, the
stimulus image presented was a frontal stock image; there
were no lateral or oblique views. A facial image series show-
ing all 3 facial views might allow for a better or more holistic
evaluation and analysis. Due to the methodology applied,
however, the display of multiple facial images showing the
same visual stimulus from different angles might have intro-
duced a learner’s bias or skewed the gaze pattern toward
facial regions that were known to the observer from the first
viewing angle. This could likely be overcome in subsequent
studies. Second, eye-tracking analyses were conducted in
only a Caucasian sample, and future investigations must
identify and present differences or similarities in other eth-
nic groups. It might be important to conduct similar
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experiments in a mixed ethnic sample where both observ-
ers and visual stimuli represent different ethnic groups.

CONCLUSIONS

This eye-tracking investigation provided additional support
for the previously postulated theory of the internal repre-
sentation of beauty.Independent of the age or gender of
observers, mature facial images were inspected longer
than younger facial images; this implies that younger facial
images were perceived as more beautiful. This perception
of beauty is in line with longer fixation durations for the
alignment of the mismatch between the observed visual
stimulus and the internal beauty blueprint. By conducting
facial regional analyses, we identified that the way study
participants inspected a facial image was from the facial
outline inward toward the central facial oval.(Of all investi-
gated facial regions, it was revealed that the perioral region
attracts an observer’s attention the longest and contributes
most to an older facial appearant.Practitioners should be
mindful of the importance of the perioral region when de-
signing an aesthetic treatment plan.

Supplemental Material

This article contains supplemental material located online at
www.aestheticsurgeryjournal.com.
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