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Abstract
Objective: The aim of this study was to characterize ocular
exploration of neutral and emotional faces in the typical de-
velopment of a child. Subjects and Method: In this eye-track-
ing study, visual exploration of faces (with neutral or emo-
tional expressions: happiness or sadness) was characterized
in a population of 52 children (24 girls and 28 boys from 4 to
15 years of age) and 44 adults (22 women and 22 men from
18 to 35 years of age). The time spent on the eyes, nose and
mouth of the faces was measured. Results: All participants
spent more time on the eyes (13%) rather than the nose and
mouth (6%). The youngest participants spent less time ex-
ploring the eyes than the older participants, suggesting the
progressive establishment of interest in these informative
regions of the face during maturation. This process seemed
to occur later in females (7-9 years) than males (4-6 years).
Conclusion: These results confirm the importance of the eye
area and the capacity of this region to capture attention. In
addition, this study shows that the exploration of this region
increases with age and is lower among girls aged 4-6 years
compared with boys of the same age.

© 2016 S. Karger AG, Basel

Introduction

In humans, there is an early attention link to the face
which allows social and emotional reciprocity, the basis of
the development of social and emotional relationships [1,
2]. Healthy adults are ‘experts’ in the recognition of faces
[3] while all faces present the same configuration, and the
level of expertise partly determines the establishment of
social competence. Face processing may be influenced by
the age of the observer, and electrophysiological studies
have shown that the response to faces varies with age [4].
So far, no study has been conducted to evaluate the explo-
ration of the eyes in the perception of faces during devel-
opment. For quantifying this exploration, eye-tracking
devices can be used to precisely determine gaze direction
[5] and to record ocular behavior, and thus better under-
stand the initial stage of perception with the exploration
of visual stimuli [5]. This mode of investigation is being
used more and more frequently to study disorders char-
acterized by abnormalities in ocular behavior such as au-
tism [6-8]. All these studies have been performed in adults
and children of both genders [9]. However, there are gen-
der differences in development, especially in sociocom-
municative development.

It is known that girls develop language [10] and theory-
of-mind [11] skills earlier than boys. Moreover, girls de-
velop social and structured forms of play at younger ages

© 2016 S. Karger AG, Basel
1011-7571/16/0256-0548$39.50/0

KARGER

E-Mail karger@karger.com
www.karger.com/mpp

Karger
Opengaccess
Thisisan Open Access article licensed under the terms of the
Creative Commons Attribution-NonCommercial 3.0 Un-
ported license (CC BY-NC) (www.karger.com/OA-license),
applicable to the online version of the article only. Distribu-
tion permitted for non-commercial purposes only.

Dr. Nadia Aguillon-Hernandez

UMR Inserm U 930, Imagerie et Cerveau, Equipe 1 - ‘Autisme’

Université Frangois-Rabelais de Tours, Batiment B1A, Bretonneau, CHRU
FR-37044 Tours Cedex 9 (France)

E-Mail nadia.aguillon @ univ-tours.fr


http://dx.doi.org/10.1159%2F000447971

Table 1. Population size and average age (in years) of the male and female participants of the eye-tracking study

Male participants Female participants All participants
n mean age + SD n mean age + SD n mean age * SD
Children
4-6 years 8 5.3%£0.9 6 5%£0.9 14 5+1.2
7-9 years 8 7.5+£0.8 8 8.3+0.7 16 7.9+0.8
10-12 years 8 10.9£0.8 4 10.8+1 12 10.9£0.8
13-15 years 4 13.5+£0.6 6 13.4+0.8 10 13.7+1
All children 28 9.3+0.8 24 9.4+0.9 52 9.4+1
Adults
18-35 years 22 22.7+3.4 22 21.5%x1.7 44 21929

than boys [12]. Yet, face processing seems to be different
between gender: in gender categorization tasks, it was re-
ported that women were more efficient in recognizing fac-
es and facial expressions than men [13, 14]. Thayer and
Johnsen [14] investigated recognition of facial emotional
expressions based upon self-report ratings of felt emotion
in healthy adults and found that females are more efficient
compared to males during a gender task categorization. In
their study, Cellerino et al. [13] used two different modes
of spatial filtration, pixelation and Gaussian noise, and
they tested healthy adults on face gender categorization.
They found that male faces are categorized more efficient-
ly than female faces and that participants are more effi-
cient in categorizing same-sex faces [13]. These studies
complement electrophysiological data showing that dur-
ing basic visual perception significant differences between
men and women in the amplitude of waves were recorded
in the occipital region [15].

Due to the differences in neuroanatomical, cognitive,
morphological, and biochemical levels between men
and women, it is equally essential to evaluate the possi-
ble effects, depending on the different sexes, on ocular
behavior. No study of eye tracking has been performed
on the effects of gender on exploratory behavior during
the perception of faces. The objective of this eye-track-
ing study was to characterize ocular exploration of neu-
tral and emotional faces (sad and happy faces) in the
typical development. In this eye-tracking study, we in-
vestigated the effects of maturation and gender during
the exploration of expressed or unexpressed facial emo-
tion in a population of typical adults and children. We
postulated that visual exploratory behavior changes
with age and that female and male subjects would ex-
plore a neutral male face differently throughout devel-
opment.

Maturation of Face Exploration

Material and Methods

Participants

The study group consisted of two groups composed of 52 nor-
mally developing children and adults of both sexes; age ranged
from 4 to 15 years for children and adolescents, and from 18 to 35
years for adults (table 1). The child study group was divided into
four age categories: preschool children (4-6 years old), school chil-
dren (7-9 years old), preadolescents (10-12 years old), and adoles-
cents (13-15 years old). The group of normal adults consisted of
44 males and females. All participants were right-handed accord-
ing to the Edinburgh criteria with laterality scores >0.8 [16]. Writ-
ten informed consent was obtained from each adult while that of
the children was obtained from the parents. The study was ap-
proved by the Institution’s Ethics Committee and conformes with
the Code of Ethics of the World Medical Association [17].

Stimuli

A validated battery of neutral faces and faces expressing emo-
tion (happy and sad faces) [6, 8] was used. The colors, background,
position, and size of the faces of each image were harmonized.

The battery of neutral and emotional faces consisted of 30 col-
or photographs (on a beige background) of faces of men of Euro-
pean descent (18-35 years of age) with neutral, positive (happy),
or negative (sad) expression, without distinctive signs (mous-
tache, beard, scars, piercings); the study subjects had never seen
them before. The same model appeared in the various emotional
categories of the database, i.e. the same face was seen with a neu-
tral expression, an expression of happiness, and an expression of
sadness.

Materials

Visual stimuli were delivered by the head-free mounted
faceLAB® eye-tracking system, which consists of a computer
equipped with two digital infrared light cameras and an infrared
light source (wavelength 875 nm) derived from the international
exposure standards set by the International Electrotechnical Com-
mission [18]. The subject was not directly fitted with any equip-
ment, and the corneal reflection of infrared light was used to mon-
itor ocular behavior. GazeTracker® software was used to measure
and analyze the duration of exploration on the face being observed
(total face, mouth, nose, eyes).
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Fig. 1. Size and disposition of the different
regions of interest and of anything outside
the regions of interest. Areas called ‘regions
of interest’ include the eye, nose, and
mouth regions (left figure) and areas called
‘outside regions of interest’ (right figure)
include the rest of the face (except the eye,
nose, and mouth regions), the background
image, and the area outside of the screen
(not shown in the figure).

Regions of interest

Outside regions of interest

Procedure

Each of the 30 (color photograph) stimuli was presented for 4
s (interstimulus interval of 0.5 s with a black slide buffer) on a 21-
inch screen placed 80 cm in front of the subject. The choice of de-
livery during a 4-second period was validated in a pilot study in
healthy adults and represents the window of time needed to obtain
an exploration of the entire face. Moreover, being exposed to a
neutral face for more than 5 s can provoke anxiety [19]. During the
4-second period, the software recorded the eye position every
0.017 s (acquisition frequency: 60 Hz). All stimuli were randomly
presented to each participant. The participants had no instructions
except to pay attention to the images and to remain silent during
the experiment.

Measurements

Regions of interest were established in the regions of the eyes,
nose, and mouth, and the exploration time and number of fixa-
tions on each region was calculated. Regions of interest were drawn
around the eyes, nose, and mouth, which all have the same surface
as described by Hernandez et al. [6] and Martineau et al. [8] (fig. 1).
We also measured the exploration times of anything outside the
regions of interest, i.e. the rest of the face (exploration time on the
face excluding the eyes, nose, and mouth), the image background
(exploration time on the details of the image around the face), and
off the screen (exploration time outside the stimulation screen)

(fig. 1).

Statistical Analysis

Analysis of the time spent on interest zones (eyes, nose, and
mouth) according to the emotional expression of the face was done
by repeated measurements using mixed ANOVA [4 (age group:
4-6; 7-9; 10-12; 13-15; 18-35) x 2 (gender: male; female) x 3
(zone of interest: eyes; nose; mouth)], corrected by the Green-
house-Geisser test and followed by the Dunn-Bonferroni test to
compare paired averages. Regression analysis was used to measure
the effect of age on time spent on each area of interest.
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Results

All subjects spent on average 93% of the time exploring
the head (face and/or eyes and/or nose and/or mouth)
and 7% of the time exploring the background.

Effect of Age and Gender on Time Spent Looking

On-Screen and Off-Screen

Analysis with mixed ANOVA revealed no gender ef-
fect (Fy, 40 = 0.128, p = 0.72) on time spent looking on- or
off-screen. Whatever the group and the emotions ex-
pressed by the face, a significant difference between time
spent looking on- and off-screen was found F4 4 =
3,604.295 (p < 0.0001): all groups spent more time look-
ing on-screen (3.72 + 0.36 s, range: 2.35-4) than looking
off-screen (0.14 + 0.1 s, range: 0.02-0.48, p < 0.0001). An
effect of age (Fy 40 = 2.98, p = 0.03) and an interaction
between age and the time spent looking on- and oft-
screen were Fy 40 = 5.663 (p < 0.001): children aged be-
tween 4 and 6 years spent less time looking on-screen
(3.42 + 0.43 s, range: 2.35-3.90) than children aged be-
tween 10 and 12 years (3.72 £ 0.31 s, range: 3.13-3.97,
p = 0.04), children aged between 13 and 15 years (3.90 +
0.16 s, range: 3.57-3.99, p = 0.001), and adults (3.96
0.10 s, range: 3.58-4, p < 0.0001), and children aged be-
tween 7 and 9 years spent less time looking on-screen
(3.63 + 0.37 s, range: 2.54-4) than adults (3.96 £ 0.10 s,
range: 3.58-4, p =0.001). Regression analysis showed that
all participants spent more time on-screen with age (4-6
years: 3.42 + 0.43 s, range: 2.35-3.90; 7-9 years: 3.63 *
0.37 s, range: 2.54-4; 10-12 years: 3.72 + 0.31 s, range:
3.13-3.97; 13-15 years: 3.90 = 0.16 s, range: 3.57-3.99;
adults: 3.96 £ 0.10 s, range: 3.58-4 s) (p < 0.0001) and less
time off-screen with age (4-6 years: 0.24 + 0.13 s, range:

Aguillon-Hernandez et al.
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Table 2. Results of ANOVA comparing the different areas of interest of different stimuli in different age groups

Regions of interest effect Neutral face, p Happy face, p Sad face, p
F p eyes vs. eyes vs. eyes vs. eyes vs. eyesvs.  eyesVs.
nose mouth nose mouth nose mouth
4-6 years old
Male F,14=26.77  0.0008 <0.0001 <0.0001 <0.0001 0.02 <0.0001  <0.0001
Female F,10)=8.18 0.0016 n.s. n.s. n.s. n.s. n.s. 0.006
7-9 years old
Male F, 14 =8.14 0.024 <0.0001 <0.0001 <0.0001 <0.0001 <0.0001  <0.0001
Female F, 14 =11.03 0.01 <0.0001 <0.0001 <0.0001 <0.0001 <0.0001  <0.0001
10-12 years old
Male F,16)=13.58 0.004 <0.0001 <0.0001 <0.0001 <0.0001 <0.0001  <0.0001
Female Fp,6=18.13 0.009 0.0006 <0.0001 0.0007 <0.0001 0.002 <0.0001
13-15 years old
Male F,6 = 6.56 0.0003 <0.0001 <0.0001 0.0003 <0.0001 0.018 <0.0001
Female F,10)=6.41 0.016 <0.0001 <0.0001 <0.0001 <0.0001 <0.0001  <0.0001
18-35 years old
Male F2,50)=46.86 <0.0001 <0.0001 <0.0001 <0.0001 <0.0001 <0.0001  <0.0001
Female F,4)=66.11 <0.0001 <0.0001 <0.0001 <0.0001 <0.0001 <0.0001  <0.0001

0.07-0.48; 7-9 years: 0.15 + 0.08 s, range: 0.04-28; 10-12
years: 0.11 + 0.06 s, range: 0.05-0.29; 13-15 years: 0.10 +
0.06 s, range: 0.06-0.22; adults: 0.07 + 0.07 s, range: 0.02—
0.33) (p < 0.0001).

Effect of Age and Gender on Time Spent Looking on

the Regions of Interest

Analysis with mixed ANOVA revealed a significant ef-
fect of the region of interest in participants in each gender
group and age group (F, 13, = 110.52, p < 0.0001) (ta-
ble 2). Whatever the emotion expressed by the face, the
time spent on the eye region was always significantly lon-
ger than the time spent on the nose and mouth regions in
both females (eyes: 1.47 + 0.13 s, range: 1.2-1.7; nose:
0.46 £0.08 s, range: 0.25-0.67; mouth: 0.21 £ 0.09 s, range:
0.09-0.4) and males (eyes: 1.57 + 0.15 s, range: 1.31-1.87;
nose: 0.54 £ 0.1 s, range: 0.36-0.73; mouth: 0.25 + 0.07 s,
range: 0.14-0.4) (fig. 2). Mixed ANOVA revealed no ef-
fect of emotions expressed by the face in any of the groups
(table 2). A gender effect was seen in children aged be-
tween 4 and 6 years (F; 4 = 6.01, p = 0.019) and in chil-
dren aged between 7 and 9 years (F; 45 =9.41, p = 0.004).
Male children spent significantly more time (p = 0.0002
for boys aged between 4 and 6 years of age, and p = 0.008
from 7 to 9 years of age) on the region of the eye (eyes:
1.32 £ 0.36 s, range: 0.57-2.08 between 4 and 6 years of
age and 1.68 £ 0.41 s, range: 0.68-2.56 between 7 and 9
years of age) than female participants (eyes: 0.67 + 0.29 s,
range: 0.09-1.11 between 4 and 6 years of age and 1.33 +

Maturation of Face Exploration

0.38 s, range: 0.75-2.01 between 7 and 9 years of age). No
significant difference was observed in the time spent on
the nose and mouth. This result was confirmed by the in-
teraction between the age of development and gender
(F4, 203 = 3.2, p = 0.013). No gender effects were observed
in participants aged between 10 and 12 years (F; 3, =0.81,
p=0.37), between 13 and 15 years (F; ,3=0.11, p=0.74),
or between 18 and 35 years (F; 14, =0.08, p = 0.77) (fig. 3).
Regression analysis showed that female participants spent
more time on the eye area with age (p < 0.0001, eyes:
0.67 + 0.29 s, range: 0.09-1.11 for girls aged 4-6 years;
1.33 + 0.38 s, range: 0.75-2.01 for girls aged 7-9 years;
1.82 £ 0.46 s, range: 1.17-2.88 for girls aged 10-12 years;
1.63 £ 0.30 s, range: 1.12-2.31 for girls aged 13-15 years,
and 1.9 + 0.19 s, range: 1.51-2.32 for women; male par-
ticipants, p < 0.0001, eyes: 1.32 + 0.36 s, range: 0.57-2.08
for boys aged 4-6 years; 1.68 + 0.41 s, range: 0.68-2.56 for
boys aged 7-9 years; 1.65 + 0.26 s, range: 0.87-2.14 for
boys aged 10-12 years, eyes: 1.52 + 0.36, for boys aged
13-15 years, and 1.88 + 0.24 s, range: 1.52-2.47 for men).
We found no significant differences in the time spent on
the nose and mouth areas between the different age
groups, neither in male nor female participants (fig. 3).

Effect of Age and Gender on the Number of Fixations

on the Regions of Interest

Analysis with mixed ANOVA revealed no gender ef-
fect (Fy, 40 = 0.866, p = 0.36). A significant effect of the
region of interest on the number of fixations was found
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Fig. 3. Effect of development on the time spent on the eye region
on the basis of gender. Mean and SD of time spent by male or fe-
male participants during development looking at the eye region of
(neutral, happy, and sad) faces and the SD between male and fe-
male participants in the 4- to 6-year-old group and in the 7- to
9-year-old group. * p < 0.05.

(Fy, 182 = 41.76, p < 0.0001): whatever the emotion ex-
pressed by the face, the number of fixations on the eye
region was always significantly higher than that on the
nose and mouth regions (eyes: 8.15 + 3.38; range: 1-19.07;
nose: 2.52 + 1.72, range: 1-7.93; mouth: 2.52 + 1.38, range:
1-5.78). An effect of age on the number of fixations was
found (F4 40 = 4.48, p = 0.006): children aged between 4
and 6 years realized globally fewer fixations than adults
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(p = 0.003): (4-6 years old: SD: 0.99, range: 2.82-6.58;
adults: SD: 0.74, range: 4.19-7.02). Regression analysis
showed that whatever the emotion expressed by the face,
the region of interest, and the gender of the participant,
the number of fixations increased with age (p = 0.006).

Discussion

In this study, the time spent exploring the stimulation
was more important than the time spent off-screen, there-
by indicating that the analysis was based on consistent
time data that included younger children (4-6 years old)
who explored the images for 86% of the time. This explo-
ration time increased with maturity (up to 99% of the
time for adults), suggesting better attentional focus with
age.
This study also demonstrated that whatever the age
group, gender, or emotion expressed by the face, partici-
pants spent more time exploring and fixating the eye re-
gion. These findings confirmed previous reports [6, 7,
20]. Due to the wide range of information it conveyed
regarding the internal state of the person, the eye region
seemed to be the most important area when exploring the
face. However, the presentation of a face expressing emo-
tion could have diverted the attention of participants to-
wards other areas involved in expressing emotions. This
is exemplified in the exploration of a happy face that
could produce an increase in the time spent on the mouth
region. The findings indicated that the exploration of a
face was not sensitive to morphological variations in the
areas/parts of the face, and that the emotional informa-
tion could be processed primarily at a cortical level, as at-

Aguillon-Hernandez et al.
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tested by a number of functional studies (e.g. bilateral ac-
tivation of the cingular gyrus by the expression of joy [21,
22] and lateralized activation on the left cingular gyrus by
the expression of sadness [22]).

The study results also demonstrated an effect of gender
on the time spent on the eye region. This gender effect was
present in the children aged 4-10 years. At this age, male
subjects spent more time exploring the eyes than female
subjects. This result confirmed previous findings, thereby
suggesting that there are gender differences in the devel-
opment of sociocommunicative skills, such as language
[10] and theory of mind [11]. Girls seemed to develop
these skills earlier than boys, and most of these skills
seemed ultimately better developed in women than in
men (in particular skills such as level of empathy [23]).
Beyond 10 years of age, exploration of the face was com-
parable in male and female subjects. The behavioral dif-
ferences between the male and female subjects during the
exploration of a face appeared to decrease with matura-
tion. This finding could be related to the decrease in the
cognitive activity’s differences between men and women
with maturation. Indeed, it had been shown that women
have better verbal skills [24], whereas men have better
visuospatial skills [25]. This difference between men and
women is clearly present in youth and decreases with age
[26].

Therefore, it is tempting to speculate that these differ-
ences in skills could be the origin of the behavioral differ-
ences observed in our study, which was related only to the
time spent on the eye region, and not on the other regions
of interest on the face (nose and mouth). This confirmed
the importance of the eye region, and also underscored
the fact that it was not simply a question of a difference in
the exploration of the whole face, but an effect of gender
on the perception of a socially relevant region. This could
be plausible if we accept the assumption of the develop-
ment of expertise in the perception of faces and their ex-
pressions, as shown by Carey [3]. Our finding suggested
that maturation is accompanied by an increase in atten-
tion to a socially relevant region, i.e. the eyes, comparable
to the development of maturation of expertise.

This study demonstrated an effect of maturation in
both male and female participants exclusively regarding
the increased attention to the eye region. It would seem
that the time spent and the number of fixations on the eye
region increased during the development irrespective of
gender. More exactly, a shorter time was shown to have
been spent on the eyes in the male participants of the
youngest age group, and as early as 7-9 years of age it
would seem that the time spent on the eye region was

Maturation of Face Exploration

comparable to the time measured in adults, suggesting
that male subjects reached mature exploratory behavior
regarding faces at the age of 7-9 years. Comparable dy-
namics were observed for female participants, but the
time spent on the eye region became comparable with
that of adults only at the age of 10 years. This finding sug-
gested that there is a shift between male and female sub-
jects during development. Male subjects seemed to ac-
quire mature behavior regarding the exploration of faces
earlier than female subjects, apparently contradicting
current beliefs of the social gender development [23, 27,
28]. Indeed, concerning the study of young children, fe-
male subjects tend to be more empathetic than male sub-
jects [27] and they maintain eye contact very early on
compared to male subjects [28].

There are 3 major limitations to our study: the static
appearance of the stimuli, the low numbers in certain age
groups, and the presentation of male faces only in the bat-
tery of stimuli. The static aspect of our stimuli could in-
fluence exploration of faces (in particular emotional fac-
es) and must be taken into account in the interpretation
of our results. Regarding age effect, our results should be
interpreted with caution because of the small numbers of
participants in a certain class of age (only 4 female par-
ticipants between 10 and 12 years of age, and only 4 male
participants between 13 and 15 years of age); however,
our results on gender effect concerned the children aged
4-10 years, Finally, it is uncertain whether the gender dif-
ferences observed in our study were linked to the different
rates of development of the social skills in boys and girls
or simply to the stimulus (of the male faces), which could
be perceived differently by the female subjects. Because
only male faces were presented in this studys, it is possible
that the male subjects were favored during the explora-
tion of the stimuli, and it would be interesting to include
women’s faces in the database in a future study.

Conclusion

This study revealed an exploratory preference for the
eye region compared to the nose and mouth when look-
ing at a face. This preference was present regardless of age
or gender, or of the emotion expressed by the face. But
this preference seemed to establish gradually during mat-
uration, with a shift between male and female subjects.
Furthermore, the findings of this study underlined the
need to study facial exploration separately based on age
and gender (for children younger than 10 years) in future
studies.
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