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A study on visual preference
for social stimuli in typical
Ecuadorian preschoolers
as a contribution
to the identification of autism risk
factors
Paulina Buffle1*, Thalia Cavadini1, Andres Posada1 & Edouard Gentaz1,2,3
The goal of this study was to examine the visual preference towards socially salient stimuli, using a
low-cost eye-tracking device in a group of typically developing (TD) Ecuadorian preschoolers aged 11
to 60 months, from rural and urban areas, and from families with low to high socioeconomic status
(SES). Series of original stimuli inspired by those used in Western experiments on the early detection
of Autism Spectrum Disorder (ASD) were proposed in two eye-tracking tasks. Two types of movements
(human vs. object) were presented in task 1, and dynamic speaking faces in task 2. Parental
perceptions of the adaptability of the low-cost eye-tracking device used here were also investigated
through a questionnaire. The analyses of mean fixation times showed a visual preference for human
movements compared to moving objects whatever age, residency location or SES. In task 2, visual
preference for the mouth’s area compared to the eyes’ area was observed in specific conditions,
modulated by residency location and SES but not by age. The analyses of the parental perception
indicated that the eye-tracking technique is well accepted. The findings suggest that these stimuli,
along with the experimental procedure and low-cost eye-tracking device used in the present study
may be a relevant tool that can be used in clinical settings as a contribution to the early identification
of at-risk factors of ASD in low- and middle-income contexts.
One of the major global child health challenges of the twenty-first century is the early identification of children
with a developmental condition such as Autism Spectrum Disorder (ASD). ASD refers to a group of complex
neurodevelopment conditions with an estimated prevalence of at least one percent for the broad autism spectrum. ASD is characterized by atypical social communication and interaction, and by repetitive patterns of
behaviors1. The necessity of early identification of risk factors is reinforced by a recent understanding of brain
plasticity during the first years of development2. Etiologic investigation strongly supports a genetic-environment
effect3–5. Different research teams in highly resourced laboratories working with various techniques, such as
molecular approaches, sequencing, fMRI, and MEG, have made considerable efforts to provide explanations
of the behavioral phenotype. So far, a reliable biomarker has not yet been i dentified6. Other investigations have
been focusing on the behavioral socio-cognitive variables such as the perceptual-cognitive mechanisms that play
a role in the identification of relevant social information, for example, the emotional content of faces7, and the
ability of spontaneously turning to other people8–10. These behavioral markers, which are currently used in ASD
diagnostic and screening procedures, could suffer from the influence of parental knowledge on child development and culturally defined expectations of child behavior.
Standardized assessment procedures applicable across all socio-cultural contexts are critical for early identification. Hence, local lines of research should be stimulated and complementary approaches to clinical observation
need to be explored. Eye-tracking is a promising technology for the study of social orientation behaviors that has
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the potential to be adapted to different socio-cultural c ontexts11,12. It allows the use of standardized procedures
and provides measures reported to be valid and particularly well suited to the study of pre-verbal p
 opulations13.
Few studies examined the ocular movements with an eye-tracking device in infants, even though its spatial and
temporal precision and accuracy allow us to calculate precisely the time and the direction of the gaze. In addition, the cost of such devices can be affordable, as companies have proved feasible the production of eye-tracking
under USD 100, complemented with open source software for the data analysis. This non-invasive technique has
the potential to identify markers of neurocognitive and social d
 evelopment14.
Based on the hypothesis that a gaze fixation on a specific point provides a measure of a ttention15,16, eyetracking technology has been used for the study of visual attention to human movements with a variety of stimuli,
such as light points17. However, the use of this technology also depends on the age of participants. With very
young infants, behavioral studies usually use the videos in individual testing sessions requiring the experimenters
to manually code the infant’s gaze as being directed either to the left side, the right side, or outside of the screen,
generating raw looking data. Using this classic coding, studies showed orientation towards human movements
is an early ability present in neonates18,19, and this precocity has been described in other species20. Studies
using human actors have also suggested that orientation towards biological movements is a key determinant of
typical development (TD) and might serve as an indicator of the development of social cognitive skills. Using
eye-tracking technology, a study performed with three groups of children (37 with ASD, 22 with developmental
delay, and 51 typically developing toddlers), of 12 and 42 months of age presenting a one-minute video with
socially salient scenes with moving children (gymnastics, yoga, dance) on one side of the screen and geometric
figures in motion on the other side, has indicated that, when young children have a choice, they prefer to look
at social images rather than non-social images21. The reduction in orientation towards dynamic social images
(children moving) and more time spent on moving geometric shapes characterized the group of toddlers with
ASD. Using a similar paradigm with an eye tracking technology, Franchini et al.22 replicated those results in a
group of 33 school-aged participants with ASD who oriented less towards dynamic social scenes compared to
the TD control group.
The eye-tracking technique has also been used in the study of the socio-cognitive processes that sustain more
complex abilities, such as visual attention to faces. The preference to faces plays an important role in human
development, allowing the adaptation of the individual to his/her environment, as well as in the engagement
with the social world, to survive and to learn from others8,23,24. Reduced attention to others negatively affects the
ability to join in imitative games and reciprocal vocalizations25,26. This attentional process is highly conserved
phylogenetically27, and appears very soon after birth, with a specific attentional focus towards the e yes28. For
example, using a classic coding, the visual fixations of 3- to 5-week-old, 7-week-old, and 9- to 11-week-old infants
were analyzed as they scanned an adult’s face who was stationary, moving, or t alking29. The authors observed a
dramatic increase in face fixations between 5 and 7 weeks in all conditions and an intensification of scanning
in the eyes’ area in the two oldest groups in the talking condition. Few studies examined the specific areas of
interest (AOIs) on a face stimulus (e.g. the eyes and mouth) in typically developing infants using an eye-tracking
device. For example, Dollion et al.30 using eye-tracking and dynamic emotional faces with infants aged from 3
to 12 months of age have shown that younger infants focused their attention to the eyes and external features of
emotional faces whereas the attention of older infants (7 and 12 months of age) depended on the emotion presented. Mouth gets the attention in smiling faces, eyes and eyebrows in fearful and angry faces, and the upper nose
area in disgusted faces. By contrast, Hunnius et al.31 have shown that 4- and 7-month-old infants looked longer
at the mouth of angry faces. More recently, Palama e al.32 observed the absence of significant spontaneous visual
preferences for either one of the two static emotional faces (of joy and anger) presented simultaneously, nor for
specific areas in 6-month-old infants. Using eye-tracking technology, visual orientation towards faces appears to
be reduced in toddlers and preschoolers with ASD compared to typically developing peers33 and visual fixation
towards the eyes has been reported to be significantly impaired in 2-year-olds with ASD34. Using a naturalistic
scene of a caregiver addressing participants, Jones and Klin35 reported that in infants later diagnosed with ASD,
preferential attention to the eyes declines from 2 months of age, showing a level that is about half that of typically
developing children by 24 months of age. This study also indicated that the fixation times on the mouth’s area
starts to increase from 2 months until approximately 18 months of age. However, other findings suggested that
reduced fixation times on the eyes may not be present in toddlers with ASD: Chawarska and S hic36 conducted a
longitudinal study with ASD and TD children aged 2 years and observed similar fixation times on the eyes’ area
in both groups. Authors also indicated that, at 4 years of age, children with ASD spend less time looking at the
eyes, mouth, and nose areas than typically developing children, but the difference in the amount of fixation on
the eyes between groups was not significant.
Together, those findings suggest that the typical visual preference patterns towards socially salient stimuli
involve, comprehensively, an increasing orientation towards human movements versus object movements and an
increasing orientation towards the eyes’ area, a decreased orientation towards the mouth. The opposite pattern
could be considered as a reliable quantifier of social d
 isability37.
Mixed findings may result from different factors such as the type of stimuli and the analysis techniques
used, which allows studying social orientation under a variety of conditions but limits cross-study results
comparisons38. Cross-cultural comparisons are also limited, as the eye-tracking technique has been essentially
used in Europe, North America, and Japan and mainly in highly resourced academic settings. Studies from
diverse cultural settings are scarce, particularly in preschool-age children. Some of these studies on visual preferences towards socially salient stimuli in Asian countries reported an impact of cultural context on the way
humans look at faces. For example, Liu et al.39 indicated a preference for the central part of a face (nose region)
in 9-month-old Asian infants. Another study that compared Western Caucasian and East Asian 7–12 years old
children suggested that individuals from Asian cultures do not preferentially fixate the eyes’ region of the face,
directing instead fixations on the nose40. The same conclusions are reached when comparing Western Caucasian
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and East Asian adults. These eye-tracking findings are coherent with the cultural expectations that direct eye
contact is considered rude in many Asian cultures.
Studies on visual orientation towards social stimuli are not reported in Latin American countries. Henceforth, there is a need to investigate the contribution of a low-cost eye-tracking display to identify at-risk factors
of ASD in low- and middle-income settings, such as rural clinical practices and community services. Sociocultural factors, together with other variables, such as unfamiliarity with test situations and with screen-based
tools, particularly in the case of eye-tracking, could also influence the visual fixation results and the successful
implementation of assessment techniques in culturally diverse settings.

Objectives and hypotheses. The main objective was to examine the visual preferences towards socially

salient stimuli using a low-cost eye-tracking device in a group of typically developing Ecuadorian preschoolers
from rural or urban areas and from families with low to high socioeconomic status (SES). Series of original
stimuli inspired by those used in Western experiments on the early detection of ASD were proposed to examine
visual preferences in two tasks. Two types of movements (human vs. object) were presented in task 1 and inner
dynamic talking faces were presented in task 2. Parental perceptions of the adaptability of the eye-tracking setting were investigated through a short questionnaire.
We hypothesized that a visual preference for human movements compared to object movements in task 1
and for eyes compared to mouth should be observed. We also investigated whether these visual preferences
are modulated by age, residency location or SES factors. Finally, we hypothesized that the eye-tracking setting would be well accepted and adapted to study child development in a non-academic context in a low- and
middle-income contexts.

Methods

Participants. A final sample of 37 typically developing children (aged from 15.2 to 59 months; M = 33.37,
SD = 15.22) reached the inclusion criteria for eye-tracking tasks. Participants were recruited through public
announcements in the town of Quito and its rural surroundings. The absence of developmental disorders in
these children was controlled with a questionnaire addressed to parents. Children younger than 31 months were
assessed by the Spanish version of M-chat, validated for a Mexican p
 opulation41. Children older than 32 months
42
were assessed with the SCQs translated to S panish . Both instruments were self-administered by the primary
caregivers, assisted by the researcher when requested. The Bayley Scales of Development was used to assess the
level of communication in children younger than 42 months. The V
 ABS43 was used to assess the scale of language
on children older than 42 months. Information on hearing and visual status, considered to be a factor of exclusion in cases of impairment or deficit in this study, was collected through a parental questionnaire.
Parents were also interviewed using a socio-demographic questionnaire. These socio-demographic characteristics are described in Table 1.
Parents gave their informed written consent for their child to take part in the present study, which was conducted in accordance with the Declaration of Helsinki and whose experimental protocol had been approved
by the Ethics Committee of the University of Geneva. Parents of acting children and adults playing the role of
a “caregiver,” provided an informed written consent for participation and for publication on an online openaccess publication.
Experimental procedure. Children accompanied by a parent were hosted either in a separate room pro-

vided by the city’s playschools or in a communal house in rural areas. In both cases, the experiment took place in
a closed room where the light could be controlled and adapted to the optimal conditions for the eye-tracking setting. Each child was tested individually. Children were placed on an adjustable height seat with a headrest behind
their neck to maintain head stability. Parents stood behind the children and were required not to move for the
duration of the experiment in order to avoid distracting or moving the child or having their eyes captured by the
eye-tracker. Children were seated about 60 cm from a device (Dell screen of 47.5 × 30 cm with a spatial resolution of 1680 × 1050 pixels) equipped with an “EyeTribe” (https://theeyetribe.com/theeyetribe.com/about/index.
html) eye-tracker (an adjustable table was used to set the height of the stimulation screen so that the participant’s
eyes were positioned in the center of the screen when looking straight ahead as recommended). Eye-tracking
settings, such as this one, provide non-invasive measurement of fixation times using corneal reflection to detect
oculomotor movements. The system records near-infrared reflections of both eyes at 60 Hz (accuracy = 0.5°,
spatial resolution = 0.1°). Accuracy and precision of outcomes for image-based studies comparable to those of
well-established eye-tracking devices44,45, and it is considered to be a valuable resource for research in cognitive
psychology12,46. The eye-tracker was positioned at approximately 45 cm from the child’s face, ensuring that its top
side was aligned with the underside of the stimulation screen45.
The experiment consisted of four blocks: a first calibration phase followed by two visual preference tasks
(randomly ordered) and by a short parental questionnaire to investigate parents’ perception of the experiment.
A calibration with 9 points was required to verify that the eye motion could be directed to different areas. Quality of calibration was displayed on the screen. If a child’s calibration was poor, the procedure was repeated as
necessary. Participants were required to look to the circular target that was displayed at different locations of the
screen on a blank background, for approximately 2 s each. This phase was repeated until a satisfactory calibration
was achieved: it was only once the eye-tracking device was successfully calibrated that the two visual preference
tasks (lasting approx. 35 s and about 1 min each) could begin. Both tasks were designed to test the tendency to
look longer (in terms of mean fixation times) at socially salient stimuli. The order of presentation of these two
tasks was balanced to limit a possible drop in attention (order effect). At the beginning of each task, a children’s
character with a music-box sound was presented for 4 s in order to bring the children’s attention to the screen.
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Both tasks

Task 1: human vs. object movements

Task 2: mouth region vs. eyes region

N = 37

N = 30

N = 27

Mean age (months)

33.3 (± 12.20)

33.1 (± 12.09)

33.1 (± 10.86)

Age min months

15.22

15.22

15.22

Age max

59

59

57.13

Gender
Male

19

15

10

Female

18

15

17

Socioeconomic Statusa
Medium–high to high (HMH)

21

14

14

Low to medium–low (LML)

16

16

13

Residency Area
Urban

19

15

16

Rural

18

15

11

Parents
Mean age fathers

30.32

30.56

29.70

Mean age mothers

28.78

28.87

28.25

Level education fathers
Post-secondary

23

17

17

Secondary

13

12

10

Primary

1

1

0

Level education mothers
Post-secondary

20

13

15

Secondary

15

15

11

Primary

2

2

1

Table 1.  Parents socio-demographics characteristics. a The family’s socioeconomic status (SES) was
approximated using the price of the preschool as a proxy ranging from one to two (the highest SES).

Figure 1.  Serie of original stimuli used to quantify the visual preferences for two types of movements (human
vs. object). Each pair of stimuli was presented for 5 s., for a total task duration of 34.5 s.
The same character and sound had already been presented for 4 s at the very beginning of the experiment (before
the calibration phase) for the same purpose. Both types of stimuli were recorded with the participation of South
American actors and were previously tested in a population of 15 adults. These stimuli were judged as neutral
to an Ecuadorian population.
Before leaving, the parents were quickly questioned about their perception of the experimental procedure
that their child had just gone through, and the child received a wooden-puzzle (worth approx. USD 3) at the end
of the experiment as a thank you for participating.

Measures. Task 1: visual preference for human vs. object movements. In the first task, we used a procedure
inspired by the stimuli used by Pierce et al.21. In this study, authors projected, side by side, a series of pairs of
images on a screen to children aged between 12 and 42 months with and without ASD. To study the visual preference for social versus non-social scenes, we used a paradigm of preferential fixation time, quantified by the mean
fixation time on socially prominent scenes (faces of children in movement) compared to repetitive movements
of the object. Although the preference for human movements cannot be fundamentally questioned when using
a stimulus based on irregular movements across the screen, such as geometric motion used by Pierce et al.21, we
assumed that the pattern of movements used to study the preference could affect the outcomes. For this reason,
we created a stimulus using spinning objects that are centered. In this case the AOIs were designed to fill approximately the same proportion of space in the screen for human and for non-human (object) movements.
Hence, only the head region of actors was shown to participants. Round objects were chosen for object movements aiming to make the comparison more precise. Social scenes were recorded in a neutral environment with
white background and consisted of videos of children moving their heads, faces, and mouths naturally. Object
movement scenes consisted of the repetitive movement of a bicycle wheel or a fan (cf. Figure 1 for screenshots
or see videos 1 to 6 in online associated Supplementary material). The final stimulus was made up of six pairs
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Figure 2.  Serie of original stimuli used to quantify the visual preferences for the eyes’ region vs. the mouth’s
region. The average duration of each of the five sequences was 11.5 s, for a total presentation time of approx.
1 min.
of scenes distributed horizontally across the screen, each one measuring approximately 9 × 10 cm, that corresponded to the size of the AOIs, with a distance of 3 cm between the 2 stimuli and was presented on a dark grey
background. The visual angles of the stimuli were Horizontal: 20°, Vertical: 10°. No sound accompanied the
stimuli. The duration of the presentation of each pair of scenes was of 5 s. The presentation of human and object
stimuli was counterbalanced between the left and right sides of the screen in order to control a spatial preference.
The presentation of social stimuli was also alternated between male and female actors. The influence of low-level
elements, such as the color of faces was not controlled, to maintain their ecological character. Likewise, the speed
of movement of children’s faces has been kept to preserve the natural character of these movements and may
not correspond to the speed of movement of objects that were filmed and presented at their usual speed. As far
as possible, the color temperatures on both sides of the screen were standardized. Between each sequence, we
presented a turning wheel in the middle of a black background screen (approx. 2 × 2 cm) for 1.5 s., and after 3
sequences a character with a music-box sound was presented, aiming to bring participants’ attention back to its
center. The total duration of the presentation of the sequences was of 34.5 s, with 25 frames per second.
Task 2: visual preference for the facial region of the mouth vs. the eyes. In the second task, we followed a procedure inspired by the studies of Jones, Carr and Klin34 and Jones and Klin35. The stimuli we designed consisted
of five video-clips (available in online associated Supplementary material), each presenting a naturalistic scene
of an actress addressing directly to the camera playing the role of a “caregiver” and singing nursery rhymes in
Spanish, intended to attract the child’s attention (Fig. 2). The actress was filmed in an ecological setting simulating a room with paintings in the background. The final stimulus was made up of 5 scenes distributed vertically
across the screen, each one measuring approximately 16 × 13 cm and was presented on a dark grey background.
The sizes of the 2 AOIs was 6.5 cm. × 3.5 cm, with a distance between AOIs of 4.5 on average depending on the
size of the face. The visual angles of the stimuli were Horizontal: 15°,Vertical: 12°. The videos were projected
for a total duration of just over 1 min, with 25 scenes per second. The sound was output through speakers not
visible to the children. The audio duration was on average 11.5 s. The volume of auditory stimuli presented did
not exceed 60 dBA.
Parental perception of the adaptability of eye‑tracking to assess young children with a short questionnaire. In
order to study the parent’s perception of the eye-tracking as an assessment technique, parents were asked (1) if
they felt comfortable during the experiment with their child, (2) if they would recommend a friend to participate
in the assessment with their c hild11, and (3) if they had questions related to the experiment. The response options
for the first two questions were “yes”, “no” and “maybe”.

Data processing.

All oculometric data (fixation times in milliseconds) were extracted using Open Gaze
and Mouse Analyzer (Ogama—version 5.0), developed by researchers at the Free University of Berlin. In each of
the two eye-tracking tasks, only data from participants who looked at the stimulation screen for more than 50%
of the time were analyzed.
The first task was completed by 43 children (data from three participants were excluded due to procedural
failures) but only 30 of them looked at the screen long enough during the task (more than 50% of the time) to
include their data in our analyses. This sample (N = 30; 15 females) consisted of full-term born (at least 37 weeks
of gestation) children aged 15.2 to 59.2 months (M = 32.7, SD = 10.3) divided into the following three age groups:
11–24 months (n = 8); 25–36 months (n = 11); 37–60 months (n = 11). Their family socioeconomic status (SES)
was calculated as a proxy of the cost paid monthly by the preschool and classified in “low to medium–low (LML)
SES” (n = 9) and “medium–high to high (HMH) SES” (n = 21). They were living in urban and rural areas (see
Table 1 for more details).
Although our 46 participants completed the second task, only the data from the 27 children who spent more
than 50% of the task duration looking at the stimulation screen were analyzed. The descriptive characteristics
of this sample are as follows: children (N = 27; 16 females) aged 15.2 to 48.5 months (M = 32.4, SD = 9.7) were
all born at least at 37 weeks of gestation. These children were distributed among three age groups as follows:
11–24 months (n = 6); 25–36 months (n = 12); 37–60 months (n = 9). They came from families with LML (n = 7)
and HMH (n = 20) socio-economic status and were living in urban (n = 17) and rural (n = 10) areas (cf. Table 1).

Statistical analysis. Statistical analyses were computed using TIBCO Statistica 13.2 computer software. We
used an alpha level of 0.05 for all statistical tests.
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Intra-group
difference1

Fixation time (ms.)
Human movements Object movements
(a) Total sample

N

M

(SD)

30

1683.67

(390.11)

M

(SD)

774.85 (394.65)

t

p

6.987

< .001

Factorial analysis
(b) Age group
11–24 months

8

1783.96

(482.35)

601.53 (268.18)

4.662

0.002

25–36 months

11

1654.64

(449.18)

969.60 (494.33)

2.574

0.028

1639.76

(256.16)

706.15 (293.31)

6.651

< .001

37–60 months

11

Inter-group difference2

F(1, 27) = 0.348, p = 0.709

Interaction3

F(1, 27) = 1.151, p = 0.331

F(1, 27) = 2.516, p = 0.10

(c) Residency location
Rural areas

14

1629.13

(235.55)

810.69 (252.93)

7.837

< .001

Urban areas

16

1731.40

(490.85)

743.49 (493.39)

4.325

< .001

Inter-group difference4

t(28) = -0.71, p = 0.483

Interaction3

F(1, 28) = 0.414, p = 0.525

t(28) = 0.459, p = 0.65

(d) SES
LML

9

1748.20

(482.46)

661.82 (345.51)

4.137

0.003

HMH

21

1656.02

(353.39)

823.29 (412.16)

5.582

< .001

Inter-group difference2

t(28) = -0.586, p = 0.562

Interaction3

F(1, 28) = 0.793, p = 0.381

t(28) = 1.028, p = 0.313

Table 2.  Mean (SD) fixation times in ms. as function of movement type, age group, residency location and
SES. Results of T-tests and ANOVAs about intra- and inter-group differences and interactions are indicated
in each condition. 1 T-test for dependent samples; 2One-Way ANOVA; 3Mixed factorial ANOVA;4T-test for
independent samples.

Firstly, we implemented a non-factorial plan with two AOIs (human vs. object movements in task 1 and
mouth vs. eyes’ areas in task 2) as independent variable. In the first task, AOIs corresponded to the size of each
stimuli (i.e. 9 × 10 cm). In the second task, we defined two AOIs corresponding to the eye’s region and the mouth
region, each measuring 6.5 × 3.5 cm, with a distance between the two AOIs of 4.5 cm on average (depending on
the size of the face).
We aimed to analyze the mean fixation time, assuming that longer fixation duration is a measure of a more
pronounced visual engagement. Focusing, at first, on the analysis of the mean fixation time of all the subjects (in
average) towards the two AOIs, we conducted a T-test for independent samples. We then focused on the analysis
of the mean fixation time within-subjects towards the two AOIs by performing a T-test for dependent samples
in order to explore whether each participant looked at both AOIs equally.
Secondly, we conducted a series of factorial analyses to test the influence of the following three factors on
the visual preference for socially salient stimuli: age group (11–24, 25–26 vs. 27–60 months), residency location
(rural vs. urban areas), and SES (LML vs. HMH). For this purpose, three separate analyses were conducted: (1)
a T-test for dependent samples was used to test whether the individuals in each group category thus formed
looked significantly longer at one of the two stimuli presented simultaneously during the two tasks (intra-group
difference), (2) inter-group comparisons were performed (using either a T-test for independent samples or an
One-way ANOVA according to the number of factor modalities) to test whether individuals in the different
group categories had equivalent or significantly different fixation times towards each stimulus, and (3) mixed
factorial ANOVAs finally enabled us to test the interaction between the stimuli type/area (in task 2) and the
group categories.

Results

Visual preference in task 1 (human vs. object movements). The first result for the whole sample
indicated that the average of the mean fixation time on human movements was significantly higher (M = 1683.67,
SD = 390.11), compared to object movements (M = 774.85, SD = 394.65). Indeed, the analysis considering the
mean fixation time of all the subjects toward each of the two AOIs independently was significant [t(58) = 8.97,
p < 0.001] as well as the analysis of the mean fixation time within-subjects towards the two AOIs, t(29) = 6.987,
p < 0.001.
We found similar results in our three factorial analyses: children in all three age groups also looked at human
movements longer than at object movements (see intra-group difference in analysis b in Table 2), as do children
living in rural and urban areas (see intra-group difference in analysis c in Table 2) and those from families with
low to medium–low and medium–high to high SES (see intra-group difference in analysis d in Table 2).
Moreover, the different modalities of these factors did not seem to influence the visual preferences of the
individuals they clustered: the results showed that there were no significant differences in the fixation times for
each stimulus between each group category (see inter-group difference analyses in Table 2).
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Intra-group
difference1

Fixation time (ms.)

(a) Total sample

Mouth area

Eyes area

N

M

(SD)

M

27

3906.80

(2187.18)

(SD)

2546.53 (2056.86)

t

p

-1.712

0.099

Factorial analysis
(b) Age group
11–24 months

6

4871.63

(1931.77)

1841.13 (2040.49)

1.967

0.106

25–36 months

12

3519.87

(2425.77)

2907.65 (2124.48)

0.472

0.646

3779.51

(2045.24)

2535.30 (2091.07)

0.939

0.375

37–60 months

9

Inter-group difference2

F(1, 24) = 0.773, p = 0.473

Interaction3

F(1, 24) = 0.674, p = 0.519

F(1, 24) = 0.518, p = 0.602

(c) Residency location
Rural areas

10

3269.54

(2016.65)

3350.49 (1952.20)

-0.066

0.949

Urban areas

17

4281.67

(2254.53)

2073.61 (2022.26)

2.195

0.043

Inter-group difference4

t(25) = 1.169, p = 0.253

Interaction3

F(1, 25) = 2.011, p = 0.169

t(25) = -1.604, p = 0.121

(d) SES
LML

7

2715.83

(1033.48)

3799.81 (1942.74)

-0.984

0.363

HMH

20

4323.65

(2345.95)

2107.88 (1953.53)

2.357

0.029

Inter-group difference2

t(28) = -0.586, p = 0.562

Interaction3

F(1, 28) = 0.793, p = 0.381

t(28) = 1.028, p = 0.313

Table 3.  Mean (SD) fixation times in ms. as function of face areas, age group, residency location and SES.
Results of T-tests and ANOVAs about intra- and inter-group differences and interactions are about intragroup difference were indicated in each condition. 1 T-test for dependent samples; 2One-Way ANOVA; 3Mixed
factorial ANOVA;4T-test for independent samples.

Finally, the interaction (stimulus type*group) was non-significant neither for the age group [F(1, 27) = 1.151,
p = 0.331], residency location [F(1, 28) = 0.414, p = 0.525] nor SES [F(1, 28) = 0.793, p = 0.381].

Visual preference in task 2 (mouth vs. eyes’ region).

The first T-test performed on the whole sample group’s mean fixation time on the two AOIs (mouth vs. eyes’ areas), indicated that the average of the mean
fixation time on the region of the mouth (M = 3906.80, SD = 2187.18) was significantly higher than on the eyes
(M = 2546.52, SD = 2056.86), t(52) = -2.354, p = 0.022. However, when intra-individual variability in mean fixation time towards each of the two AOIs is considered, the t-test for dependent samples we performed showed no
significant difference; t(26) = -1.712, p = 0.099.
For the results of the factorial analyses, we first noted that there was no visual preference for the mouth compared to the eyes’ regions in any of the three age groups (see intra-group difference in analysis b in Table 3). Children from the three different age groups (i.e. 11–24 months [t(5) = 1.967, p = 0.106], 25–36 months [t(11) = 0.472,
p = 0.646] and 37–60 months [t(8) = 0.939, p = 0.375]) all looked at both AOIs equally: neither the differences in
fixation times on each AOI between the three age groups (see inter-group difference in analysis b in Table 3),
nor the interaction was significant, F(1, 24) = 0.674, p = 0.519.
For the residency location’s factor, the results indicated that children living in rural areas did not show a
visual preference for either of these two AOIs [t(9) = -0.066, p = 0.949], while those living in urban areas had
a significantly higher fixation time on the mouth region (M = 4281.67, SD = 2254.53) than on the eyes’ region
(M = 2073.61, SD = 2022.26), t(16) = 2.195, p = 0.043.
We observed similar results with the SES factor: only children from families with a medium–high to high SES
looked significantly longer at the mouth area (M = 4323.65, SD = 2345.95) than at the eyes’ area (M = 2107.88,
SD = 1953.53). No visual preference was observed in children from families with low to medium–low SES.
Finally, neither inter-group differences nor interactions tested were significant for the last two factors (see
analyses c and d in Table 3).
Taken together, these results indicate that the AOIs in faces have an impact on the visual preference of the
whole sample, suggesting a preference for the mouth region. However, this preference is not significant when
we study the visual preferences within participants. In task 1, the results suggest that the type of movement has
a significant impact on visual preferences, as well as when this preference is studied within-subjects. Specifically,
our results suggest that when Ecuadorian preschoolers are presented with dynamic images of faces, there is a
significant preference for the mouth region, but only in the whole group, an effect that does not appear when the
fixation time between the two regions is compared within-subjects. On the contrary, when participants have the
choice, they significantly prefer human movements against object movements, and this preference is maintained
in the whole sample as well as within-subjects. Finally, in both tasks the developmental factor does not seem to
have an impact, as no difference appears between age groups.
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Parental perceptions. We used the parent’s perceptions as a measure of the feasibility of eye-tracking studies in Ecuador. 144 responses were analyzed. All caregivers reported a feeling of comfort during the experiment.
Almost all participants (99%) reported they would agree to invite a friend or family member to participate in
a similar study with their child. The question relative to caregivers’ questions or comments about the experiment was analyzed through Content Analysis, a method used to identify emerging categories from participants’
answers47,48. The responses and comments to this open-ended question were transcribed verbatim and classified
in at least one of the three emerging categories. The first category (10% of participants) was related to the way
an eye-tracker functions (e.g., “How does it know where my child looks?", “How does it work?”). The second
category (26% of participants) was related to the stimuli or about the calibration procedure, (e.g., “Why is there a
child next to a wheel, “What do the points mean?”). The third category referred to an absence of questions (65%
of participants). Interestingly, a homogenous sub-group of participants, from a rural area of residency and from
families with low to middle-low SES (n = 17) did not ask any questions nor provide any comments.

Discussion

The overarching aim of this study was to define the adaptability of the eye-tracking technique to semi-experimental and non-experimental settings in low- and middle-income contexts. To address this question, we used stimuli
and procedures that have been previously used in occidental studies in order to quantify preferential visual
attention towards socially salient stimuli. We also studied parents’ perceptions of the eye-tracking application.
The analyses of mean fixation times in task 1 showed a visual preference for human movements compared to
object movements, whatever age, residency location or SES. This preference is maintained as well within-subjects
confirming previous findings that used similar stimuli21,22,49.
The analyses of mean fixation times in task 2 showed that the AOIs on faces inner features have a significant
impact on visual preference for the mouth’s region in the whole sample, but not when visual preference is studied
within-subjects. These outcomes may be interpreted as a part of the mixed results reported by the literature. A
first explanation to the variability of results related to the preference for the mouth’s region is the influence of
the stimuli type and design u
 sed13,50.
An alternative explanation corresponds to complex developmental milestones. While some results indicate
that two-year-olds with ASD look less at the eyes’ area and more at the mouth’s area compared to TD children34,
others studies have found typical levels of looking times towards the eyes and reduced looking times towards the
mouth in TD children aged 2 to 436. In another study comparing ASD to TD preschoolers, Nakano et al.51 found
that the majority of TD participants spontaneously directed their gaze towards the mouth of a person speaking.
Based on this result, the authors suggested that this could be a necessary step in typical development. A finding that agrees with outcomes indicating that greater amounts of fixation time on the mother’s mouth during
live interactions at the age of 6 months predicted higher levels of expressive language at the age of 18 months52.
Alternative explanations to the preference for the mouth area, such as the size of the mouth and teeth of actors
cannot be ruled out.
The analyses of the parental perception showed that eye-tracking setting is very well accepted and adapted.
All the participants felt comfortable with the procedure during the experiment. Although 99% reported they
would agree to invite a friend or family member to participate with their child, the rate of adherence explained
by the presence of the researcher could not be ruled out. Parents’ comments and interests were mostly related
to the calibration procedure (dots moving around on the screen) and about the meaning of the stimuli. A small
number of questions were related to the technology or the way eye-tracking works to capture the direction of the
gaze. Interestingly an important proportion of participants did not provide comments or questions when given
the opportunity. Most of the participants in this case belonged to the LML SES, suggesting that the presence of
the experimenter could have had an influence.
The first limit of this study relates to the stimuli used in task 2. Some scenes may have shown more salient in
certain features of the face, depending on the actors, that are difficult to control (for example the size of the mouth
relative to the size of the eyes, size of the teeth, etc.) A high rate of calibration difficulties has been observed in
this sample, suggesting the need of using a character who can more easily attract children’s attention instead of
calibration points. Visual acuity, which is a potential confounder, has also been difficult to control. The results of
this study must be viewed with caution due to the small size of the sample. The current study was limited to one
low- and middle-income setting; it is unlikely, however, that other understated elements not detected in this study
would create major barriers for the implementation of eye-tracking procedures in a context such as Ecuador.
In spite of these limitations, this work provides some evidence on the feasibility of eye-tracking studies in typically developing young children in a low- and middle-income setting. It also suggests that a paradigm of visual
preferences for human and non-human movements would be valid for use among the Ecuadorian population,
in urban and rural areas, and in different socioeconomic contexts.
The study of social orientation in typical development, is necessary in order to provide a sound basis for explorations of atypical developments, such as those characterizing children with ASD. However, the use of shared
protocols and experimental paradigms allowing data collection across different cultures and socio-economic
settings would be necessary to determine whether the utility of eye-tracking technique extends beyond the
mapping of socio-cognitive development, and could inform on its potential clinical utility in the identification
of early markers in different socio-cultural contexts.

Data availability

The datasets generated and analysed during the current study are available from the corresponding author on
reasonable request.

Scientific Reports |
Vol:.(1234567890)

(2021) 11:8461 |

https://doi.org/10.1038/s41598-021-87888-3

8

www.nature.com/scientificreports/
Received: 12 January 2021; Accepted: 31 March 2021

References

1. American Psychiatric Association. Diagnostic and statistical manual of mental disorders (DSM-5) 5th edn. (American Psychiatric
Association, 2013).
2. Meredith, R. M. Sensitive and critical periods during neurotypical and aberrant neurodevelopment: a framework for neurodevelopmental disorders. Neurosci. Biobehav. Rev. 50, 180–188 (2015).
3. Ozonoff, S. et al. Recurrence risk for autism spectrum disorders: a baby siblings research consortium study. Pediatrics 128, e488–
e495 (2011).
4. Sandin, S. et al. The familial risk of autism. J. Am. Med. Assoc. 311, 1770–1777 (2014).
5. Tick, B., Bolton, P., Happé, F., Rutter, M. & Rijsdijk, F. Heritability of autism spectrum disorders: A meta-analysis of twin studies.
J. Child Psychol. Psychiatry 57, 585–595 (2016).
6. Walsh, P., Elsabbagh, M., Bolton, P. & Singh, I. In search of biomarkers for autism: scientific, social and ethical challenges. Nat.
Rev. Neurosci. 12, 603–612 (2011).
7. Dawson, G., Webb, S. J. & McPartland, J. Understanding the nature of face processing impairment in autism: Insights from behavioral and electrophysiological studies. Dev. Neuropsychol. 27, 403–424 (2005).
8. Allison, T., Puce, A. & McCarthy, G. Social perception from visual cues: Role of the STS region. Trends Cogn. Sci. 4, 267–278 (2000).
9. Landa, R. J. Diagnosis of autism spectrum disorders in the first 3 years of life. Nat. Rev. Neurol. 4, 138 (2008).
10. Zwaigenbaum, L. et al. Early intervention for children with autism spectrum disorder under 3 years of age: Recommendations for
practice and research. Pediatrics 136, S60–S81 (2015).
11. Forssman, L. et al. Eye-tracking-based assessment of cognitive function in low-resource settings. Arch. Dis. Child. 102, 301–302
(2017).
12. Palama, A., Malsert, J., Grandjean, D., Sander, D. & Gentaz, E. The cross-modal transfer of emotional information from voices to
faces in 5-, 8- and 10-Year-Old children and adults: An Eye-Tracking Study. Emotion https://doi.org/10.1037/emo0000758 (2020).
13. Falck-Ytter, T., Bölte, S. & Gredebäck, G. Eye tracking in early autism research. J. Neurodev. Disord. 5, 1–13 (2013).
14. Ahtola, E. et al. Dynamic eye tracking based metrics for infant gaze patterns in the face-distractor competition paradigm. PLoS
ONE 9(5), e97299. https://doi.org/10.1371/journal.pone.0097299 (2014).
15. Frankenhuis, W. E. Barrett, H. C. & Johnson, S. P. Developmental origins of biological motion perception. In K. Johnson & M.
Shiffar (Eds), People watching: Social, perceptual, and neurophysiological studies of body perception, (pp. 123–140) (2013).
16. Sheliga, B. M., Riggio, L. & Rizzolatti, G. Orienting of attention and eye movements. Exp. Brain Res. 98, 507–522 (1994).
17. Johansson, G. Visual perception of biological motion and a model for its analysis. Percept. Psychophys. 14, 201–211 (1973).
18. Bidet-Ildei, C., Kitromilides, E., Orliaguet, J.-P., Pavlova, M. & Gentaz, E. Preference for point-light human biological motion in
newborns: Contribution of translational displacement. Dev. Psychol. 50, 113–120. https://doi.org/10.1037/a0032956 (2014).
19. Simion, F., Regolin, L. & Bulf, H. A predisposition for biological motion in the newborn baby. Proc. Natl. Acad. Sci. 105, 809–813
(2008).
20. Vallortigara, G., Regolin, L. & Marconato, F. Visually inexperienced chicks exhibit spontaneous preference for biological motion
patterns. PLoS Biol. 3, e208 (2005).
21. Pierce, K., Conant, D., Hazin, R., Stoner, R. & Desmond, J. Preference for geometric patterns early in life as a risk factor for autism.
Arch. Gen. Psychiatry 68, 101–109 (2011).
22. Franchini, M. Vers une meilleure compréhension de l’hétérogénéité du développement sociocommunicatif chez les jeunes enfants
avec un Trouble du Spectre de l’Autisme. Doctoral dissertation, University of Geneva (2017).
23. Senju, A. & Johnson, M. H. The eye contact effect: mechanisms and development. Trends Cogn. Sci. 13, 127–134 (2009).
24. Shic, F., Macari, S. & Chawarska, K. Speech disturbs face scanning in 6-month-old infants who develop autism spectrum disorder.
Biol. Psychiat. 75, 231–237 (2014).
25. Landa, R. J., Holman, K. C. & Garrett-Mayer, E. Social and communication development in toddlers with early and later diagnosis
of autism spectrum disorders. Arch. Gen. Psychiatry 64, 853–864 (2007).
26. Osterling, J. A., Dawson, G. & Munson, J. A. Early recognition of 1-year-old infants with autism spectrum disorder versus mental
retardation. Dev. Psychopathol. 14, 239–251 (2002).
27. Salva, O. R., Farroni, T., Regolin, L., Vallortigara, G. & Johnson, M. H. The evolution of social orienting: evidence from chicks
(Gallus gallus) and human newborns. PLoS ONE 6, e18802 (2011).
28. Farroni, T., Csibra, G., Simion, F. & Johnson, M. H. Eye contact detection in humans from birth. Proc. Natl. Acad. Sci. 99, 9602–9605
(2002).
29. Haith, M. M., Bergman, T. & Moore, M. J. Eye contact and face scanning in early infancy. Science 198, 853–855 (1977).
30. Dollion, N., Soussignan, R., Durand, K., Schaal, B. & Baudouin, J.-Y. Visual exploration and discrimination of emotional facial
expressions in 3-, 7- and 12-month-old infants. J. Vis. 15, e79 (2015).
31. de Hunnius, S., Wit, T. C. J., von Vrins, S. & Hofsten, C. Facing threat: Infants’ and adults’ visual scanning of faces with neutral,
happy, sad, angry, and fearful emotional expressions. Cognit. Emotion 25, 193–205. https://doi.org/10.1080/15298861003771189
(2011).
32. Palama, A., Malsert, J. & Gentaz, E. Are 6-month-old human infants able to transfer emotional information (happy or angry) from
voices to faces? An eye-tracking study. PLoS ONE 13, e0194579. https://doi.org/10.1371/journal.pone.0194579 (2018).
33. Franchini, M. et al. Brief report: A preference for biological motion predicts a reduction in symptom severity 1 year later in preschoolers with autism spectrum disorders. Front. Psych. 7, 143 (2016).
34. Jones, W., Carr, K. & Klin, A. Absence of preferential looking to the eyes of approaching adults predicts level of social disability in
2-year-old toddlers with autism spectrum disorder. Arch. Gen. Psychiatry 65, 946–954 (2008).
35. Jones, W. & Klin, A. Attention to eyes is present but in decline in 2–6-month-old infants later diagnosed with autism. Nature
https://doi.org/10.1038/nature12715 (2013).
36. Chawarska, K. & Shic, F. Looking but not seeing: A typical visual scanning and recognition of faces in 2 and 4-year-old children
with autism spectrum disorder. J. Autism Dev. Disord. 39, 1663–1672 (2009).
37. Chawarska, K., Macari, S. & Shic, F. Decreased spontaneous attention to social scenes in 6-month-old infants later diagnosed with
autism spectrum disorders. Biol. Psychiat. 74, 195–203 (2013).
38. Souter, N. E., Arunachalam, S. & Luyster, R. J. The robustness of eye–mouth index as an eye-tracking metric of social attention in
toddlers. Int. J. Behav. Dev. https://doi.org/10.1177/0165025419885186 (2019).
39. Liu, S. et al. Similarity and difference in the processing of same-and other-race faces as revealed by eye tracking in 4-to 9-montholds. J. Exp. Child Psychol. 108, 180–189 (2011).
40. Kelly, D. J. et al. Developing cultural differences in face processing. Dev. Sci. 14, 1176–1184 (2011).
41. Albores-Gallo, et al. M-CHAT Mexican version validity and reliability and some cultural considerations. ISRN neurology (2012)
42. Rutter, M., Bailey, A. and Lord, C., 2003. SCQ. The Social Communication Questionnaire. Torrance, CA: Western Psychological
Services.
43. Sparrow, S.S., Cicchetti, D. and Balla, D.A. Vineland adaptive behavior scales (1984).

Scientific Reports |

(2021) 11:8461 |

https://doi.org/10.1038/s41598-021-87888-3

9
Vol.:(0123456789)

www.nature.com/scientificreports/
44. Dalmaijer, E. Is the low-cost EyeTribe eye tracker any good for research? (No. e585v1). PeerJ PrePrints (2014).
45. Ooms, K., Dupont, L., Lapon, L. & Popelka, S. Accuracy and precision of fixation locations recorded with the low-cost Eye Tribe
tracker in different experimental setups. J. Eye Mov. Res. 8, 1–24. https://doi.org/10.16910/jemr.8.1.5 (2015).
46. Popelka, S., Stachoň, Z., Šašinka, Č & Doležalová, J. EyeTribe tracker data accuracy evaluation and its interconnection with
hypothesis software for cartographic purposes. Comput. Intell. Neurosci. 2016, 9172506. https://doi.org/10.1155/2016/9172506
(2016).
47. Elo, S. & Kyngäs, H. The qualitative content analysis process. J. Adv. Nurs. 62, 107–115 (2008).
48. Kvale, S. Doing interviews. Sage (2008).
49. Pierce, K. et al. Eye tracking reveals abnormal visual preference for geometric images as an early biomarker of an autism spectrum
disorder subtype associated with increased symptom severity. Biol. Psychiat. 79, 657–666 (2016).
50. Jones, E. J., Gliga, T., Bedford, R., Charman, T. & Johnson, M. H. Developmental pathways to autism: a review of prospective
studies of infants at risk. Neurosci. Biobehav. Rev. 39, 1–33 (2014).
51. Nakano, T. et al. Atypical gaze patterns in children and adults with autism spectrum disorders dissociated from developmental
changes in gaze behavior. Proc. R. Soci. B 277, 2935–2943 (2010).
52. Young, G. S., Merin, N., Rogers, S. J. & Ozonoff, S. Gaze behavior and affect at 6 months: predicting clinical outcomes and language
development in typically developing infants and infants at risk for autism. Dev. Sci. 12, 798–814 (2009).

Acknowledgements

The authors would like to extend their gratitude to Dr. Stephen Jachim of the University of Manchester for advice
in establishing the eye-tracking protocols, Mr. Alexandre Bourquin of the multimedia department of the University of Geneva for his help in the development of stimuli, the Ecuadorian Society of Pediatrics who provided the
information required for the recruitment of participants and Mrs. Rosemary David for proofreading the article.
We are particularly grateful to the nursery-schools and families who participated in this project and assistants
for volunteering their time. This work was supported by the Schmidheiny Foundation, Switzerland, and by the
Faculty of Psychology and Education at the University of Geneva.

Author contributions

P.B. and E.G. conceived the project, P.B., A.P. and E.G designed the study. P.B. collected the data. P.B. A.P. and
T.C carried out data analyses. The manuscript was written by P.B. and feedback was provided by E.G. and T.C.

Competing interests

The authors declare no competing interests.

Additional information

Supplementary Information The online version contains supplementary material available at https://doi.org/
10.1038/s41598-021-87888-3.
Correspondence and requests for materials should be addressed to P.B.
Reprints and permissions information is available at www.nature.com/reprints.
Publisher’s note Springer Nature remains neutral with regard to jurisdictional claims in published maps and
institutional affiliations.
Open Access This article is licensed under a Creative Commons Attribution 4.0 International
License, which permits use, sharing, adaptation, distribution and reproduction in any medium or
format, as long as you give appropriate credit to the original author(s) and the source, provide a link to the
Creative Commons licence, and indicate if changes were made. The images or other third party material in this
article are included in the article’s Creative Commons licence, unless indicated otherwise in a credit line to the
material. If material is not included in the article’s Creative Commons licence and your intended use is not
permitted by statutory regulation or exceeds the permitted use, you will need to obtain permission directly from
the copyright holder. To view a copy of this licence, visit http://creativecommons.org/licenses/by/4.0/.
© The Author(s) 2021

Scientific Reports |
Vol:.(1234567890)

(2021) 11:8461 |

https://doi.org/10.1038/s41598-021-87888-3

10

