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Une courte vidéo pour commencer



Social Attribution Task (SAT)

Récit d’une jeune fille de 21 ans: 

“Je trouve qu’on dirait des petits enfants qui jouent. Le 
grand enfant essayait de battre le petit. Il s'est enfui. Il a 
d'abord dit “bonjour”, puis le petit enfant a réalisé que le 
grand était agressif et s'est réfugié dans le coin inférieur 
droit de la maison. À ce moment-là, le cercle s'est en 
quelque sorte échappé dans la maison. Alors que le petit 
triangle s'échappait de celui qui était une brute, le plus 
gros gars est entré dans la maison et a coincé le petit 
cercle. Le petit cercle a réussi à s'échapper, en fermant la 
porte derrière lui et en enfermant la brute à l'intérieur. Le 
petit cercle et le petit triangle criaient “hourrah!”. Ils 
étaient heureux parce que …” 

récit tiré de Klin et al., Brain Cognit 2006; tâche inspirée de Heider & Simmel, 1944
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Développement typique de l’orientation sociale

Dès les premières minutes après la naissance, le nouveau-né s’oriente vers 
des stimuli qui ressemblent à des visages

6 .Il. H. Johnsor~ et al. 

was the average of the best score out of the trials to the right side and to the 
left side, with a theoretical maximum possible of 90” for each stimulus. 

Jtidgement 

The videotape records were analysed by two independent observers who were 
unaware of either the purpose of the study or the patterning on the stimuli. Their 
judgements formed the sole measures for subsequent statistical analysis. Pearson 
correlation coefficients comparing the interjudge reliability indicated an overall 
agreement of r = 0.812 for head-turning and r = 0.806 for eye-turning assess- 
ments. Major disagreements (>5” of arc) between the two judges were resolved 
by a third judge, also blind to the stimuli being presented, and these final cor- 
rected assessments comprised the data for the analyses reported belovv. 

Results 

The mean head- and eye-turning responses to the three stimuli are shown in 

Figure 3. Separate ANOVAs (Subjects x Treatments) were applied and revealed 
the following. 

Head-turning 

F = 46.3, df = 2, 46, p < .OOOl. A Tukey test (alpha = 0.05) was then used 
to determine the critical differences (in degrees) between responses to the three 
stimuli. With q = 3.44 the critical difference was found to be 6.2”. Thus responses 

Figure 3. Mean head and eye turning for the face, scrambled and blank stimuli. 
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546 VISUAL DISCRIMINATION OF NEWBORNS

FIG. 2. Stimulus being presented to newborn infant starting
from midline and moved slowly in an arc from 0 to 90
degrees. Infant is placed through the large protractor, with

neck of infant supported by experimenter’s palm.

Test22 was used to analyze the effects of stimuli on
head-turning and eye-turning scores. In both
cases, there were significant stimulus effects
(P < .001), indicating that amount of head-
turning and amount of eye-turning varied with
the stimulus being presented (Table III).

Responses to successive pairs of stimuli were
compared, using the Wilcoxon Test.22 Significant
differences were found for both head-turning and
eye-turning for face vs moderately scrambled face
and for scrambled face vs blank. The differences
between moderately scrambled face and scram-
bled face were not significant (Table IV). There
were no sex differences.

DISCUSSION

Our interest in the face as a stimulus stems from
both an ethological orientation21 and an interest
in early mother-infant attachments.21 Mutual
visual regard is of considerable importance in the
mother-infant interaction. Klaus et al.,24 in
describing the initial encounter of mother and
baby, found that mothers show an intense interest
in their baby’s eyes and try to align their heads
with that of their baby so as to be in an en face

FIG. 3. Successive degrees of head-turning to follow the
moving stimulus.

position, even with the baby in an incubator.
Mothers first report feelings of love for their
babies just after eye-contact has been established,
and feel rejected if their infants fail to look at
them.2 From the infant’s standpoint, we know
that the face is important to older babies:
a nodding, smiling face is the best visual stimu-
las for eliciting social smiles in 3- to 5-month
olds.2 2s

A number of investigators have suggested that
newborn infants may respond to face-like pat-
terns. Using Fantz’s technique for scoring visual
fixation preferences by judging the number of
seconds that each of several stimuli is reflected on
the infant’s pupil, comparisons have been made of
infants’ “preferences’ ‘ for faces vs such targets as
bulls’ eyes, newsprint, and colors,2 scrambled
faces and ovals with two dots, dots on a dul)e and
blank cards,1 photos of a normal face, a scram-
bled face, and a cyclops,32 etc. Although the
stimuli used in these studies were not controlled
for brightness or complexity, most authors
concluded that the infants preferred to fixate
faces, the face generally being the most complex
stimulus in the series. Fitzgerald further
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Développement typique de l’orientation sociale

emerging visual system [23, 24]. A comprehensive review of two
decades of research offers an extension to the original theoret-
ical model put forward in explanation of newborn face prefer-
ence [25]. The underlying assumptions in much of the newborn
visual literature are (1) that no visual experience has taken place
prior to birth and (2) that the examination of fetal visual capacities
is not possible. The present study illustrates that fetal visual
perception can be indexed during the third trimester, given the
technical advances in 4D ultrasound that can provide access
to fetal fine-grained behavior [26–28].With appropriatemodifica-
tions, other aspects of newborn infant perception could also be
assessed in the third trimester, including biological motion
processing [29]. An exploration of capacities at this stage of
development could greatly inform our understanding of visual
preferences, as models of development feature different as-
sumptions related to the underlying development of visual sys-
tems. For example, even though the results of the present study
are compatible with superior colliculus activity [8], the same
cannot be said for a proposed ‘‘gravity bias’’ for visual stimuli,
which has been previously proposed [30].
Even though the results of the current study are analogous to

postnatal behaviors, due to the properties of the fetal environ-
ment, the paradigm and stimuli are not exactly the same be-
tween the current study and postnatal research. For example,
only light from the red (or long wave) end of the spectrum pene-
trates maternal tissue. Despite this, the results are consistent
with a model of fetal visual preferences [8], whereby the largest
differential response was for a negative polarity stimulus set
with white dots on a black background when contrasted with
other stimuli, including black dots on a white background. It
should also be noted that the results of the present study do
not imply that the fetus can respond to faces presented exter-
nally under everyday circumstances. The behavior that has
been demonstrated in the current study derives from the specific
conditions of the experiment.
The capacity to (1) present visual stimuli through projected

light and (2) precisely measure fetal behavior using ultrasound
recordings, as demonstrated in the present study, allows for
the execution of studies with the human fetus that closely

resemble postnatal methodologies with infant populations.
Such an approach will have implications for further understand-
ing of the fetus [31] and developmental processes in general.
Fetal research can consequently employ similar visual method-
ologies and control procedures as those seen in the infancy
domain (e.g., [29, 32]). Currently it is unknown how effective
these methods would be in terms of producing responses earlier
in gestation or whether infant-derived paradigms, such as fixa-
tion time measurements, will be as likely to produce meaningful
results with the fetus in the third trimester. Such work will un-
doubtedly provide more information about the development of
the visual system in addition to current animal models [18] and
with respect to the transition from fetus to infant.
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A partir de 33 semaines de grossesse, les foetus 
s’orientent déjà vers des stimuli qui ressemblent à 
des visages

 Ultrason 4D d’un foetus qui suit le stimulus  
Kirsty Dunn & Vincent Reid, Lancaster University
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Développement typique de l’orientation sociale

Lorsqu’on utilise des stimuli simples (statiques et très épurés), ce type de préférence pour le stimulus 
“face” vs “scrambled” se perd autour de l’âge d’un mois de vie (Johnson et al., Cognition 1991). 

C’est comme si après cet âge l’enfant recherchait des visages plus complexes et dynamiques 

6 .Il. H. Johnsor~ et al. 

was the average of the best score out of the trials to the right side and to the 
left side, with a theoretical maximum possible of 90” for each stimulus. 

Jtidgement 
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judgements formed the sole measures for subsequent statistical analysis. Pearson 
correlation coefficients comparing the interjudge reliability indicated an overall 
agreement of r = 0.812 for head-turning and r = 0.806 for eye-turning assess- 
ments. Major disagreements (>5” of arc) between the two judges were resolved 
by a third judge, also blind to the stimuli being presented, and these final cor- 
rected assessments comprised the data for the analyses reported belovv. 

Results 

The mean head- and eye-turning responses to the three stimuli are shown in 

Figure 3. Separate ANOVAs (Subjects x Treatments) were applied and revealed 
the following. 

Head-turning 

F = 46.3, df = 2, 46, p < .OOOl. A Tukey test (alpha = 0.05) was then used 
to determine the critical differences (in degrees) between responses to the three 
stimuli. With q = 3.44 the critical difference was found to be 6.2”. Thus responses 
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Regarder dans les yeux: un réflexe primitif du nouveau-né?

Naissance 1 mois

Mécanisme réflexe
orientation vers des stimuli statiques

Mécanisme sous contrôle cortical
orientation vers des stimuli plus dynamiques et interactifs

5 mois



‣ A quoi servirait ce réflexe? 
Sur le plan évolutionnaire, pourrait servir à faciliter une relation 
d’attachement mère-bébé 

Sur le plan neurobiologique, permet d’assurer une expérience visuelle 
très précoce et forte pour les visages, qui soutienne le développement 
des réseaux cérébraux spécialisés dans le traitement des visages et 
maintiennent une préférence pour les visages et les yeux

Naissance 1 mois

Mécanisme réflexe
orientation vers des stimuli statiques

Mécanisme sous contrôle cortical
orientation vers des stimuli plus dynamiques et interactifs

5 mois

Regarder dans les yeux: un réflexe primitif du nouveau-né?



Regard préférentiel pour les yeux: importance pour la reconnaissance des émotions



Regard préférentiel pour les yeux: importance pour la reconnaissance des émotions



Regard préférentiel pour les yeux: importance pour la reconnaissance des émotions



Regard préférentiel pour les yeux: importance pour la reconnaissance des émotions



Regard préférentiel pour les yeux: importance pour la communication



L’attention conjointe

‣ Le partage d’un intérêt commun de plusieurs 
personnes pour un même objet (p. ex. le 
pointage, les gestes de donner ou de montrer, 
ou la simple orientation du regard).  

‣ L’attention conjointe émerge entre 6 et 10 mois, 
et représente un des premiers moyens qu’a 
l’enfant pour pouvoir communiquer et partager 
ses intentions avec d’autres personnes 
(communication non verbale).  

‣ L’attention conjointe est une composante 
importante pour l’apprentissage du langage et 
du développement des connaissances sur 
l’environnement, les objets ou les relations 
sociales (Dawson et al., 2004).



Exemple de réponse à l’attention conjointe



Comportement social typique à 14 mois

Vidéo du « Center for Autism and related Disorders - Kennedy Krieger Institute »
Early Social Communication Scale (ESCS, Mundy et al., 2003)



Développement des compétences sociales chez le jeune enfant

Photo by Rodrigo Pereira on Unsplash

sourire social (6 semaines)

Photo by Alyssa Stevenson on Unsplash

Emergence de l’attention conjointe dès 6 mois,  
devrait être établie à 12 mois
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Développement des compétences sociales chez le jeune enfant: 
les gestes communicatifs

https://firstwordsproject.com/16-gestures-by-16-months

donner (9 mois) secouer la tête (9 mois) tendre la main pour attraper (10 mois)

tendre les bras pour être porté (10 mois) montrer (10 mois) au revoir (11 mois)

pointage main ouverte (12 mois) pointage à distance main fermée (14 mois) chut (14 mois)



Développement des compétences sociales chez le jeune enfant:  
le langage

‣ Langage réceptif: 
Comprend le non (8-10 mois) 

Réponse au prénom (9-12 mois) 

Identifie des objets simples (11-14 mois) 

‣ Langage expressif: 
Babillage social et imitation de sons (~6 mois) 

Premiers mots (10-18 mois) 

Premières combinaisons de mots (15-24 mois)



La compréhension des interactions sociales

“heatmap” basée sur 19 enfants avec un développement typique, âgés de 3.8±1.3 ans

‣ L’eye-tracking permet de constituer des “cartes” de compréhension des interactions 
sociales complexes



Développement de la compréhension des interactions sociales
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Le “cerveau social”

Parallel research in social neuroscience has revealed a set of

brain regions that appear to be selectively involved in social pro-

cessing in typically developing humans, as well as in other social

animal species such as monkeys (Frith and Frith, 2007; Adolphs,

2009; Mitchell, 2009; Sallet et al., 2011) (Fig. 1). These include

classic limbic areas (e.g. amygdala: Adolphs and Spezio, 2006;

Adolphs, 2010; and anterior hippocampus: Fanselow and Dong,

2010) and related cortex such as the more ventral and medial

aspects of prefrontal cortex (Carmichael and Price, 1995;

Amodio and Frith, 2006; Frith, 2007) and the anterior temporal

lobes (Olson et al., 2007; Saleem et al., 2008; Simmons and

Martin, 2009, 2011), the posterior cingulate and precuneus

(Cavanna and Trimble, 2006; Andrews-Hanna et al., 2010b), pos-

terior temporal regions involved in representing form, motion and

conceptual information about animate entities (lateral fusiform

gyrus: Kanwisher et al., 1997; Chao et al., 1999; Wiggett et al.,

2009; posterior superior temporal sulcus and temporo-parietal

junction: Castelli et al., 2002; Beauchamp et al., 2003; Samson

et al., 2004; Deen and McCarthy, 2010), the left inferior frontal

gyrus involved in social communication (for review, see Turken

and Dronkers, 2011), as well as somatosensory and anterior intra-

parietal cortices involved in action understanding (Hamilton and

Grafton, 2006; Adolphs, 2009) and parts of the insula involved in

representing visceral/emotive responses to social stimuli (Singer

et al., 2004; von dem Hagen et al., 2009). The idea of the

‘social brain’, originally proposed based on studies in monkey

(Brothers, 1990), has gained increasing support based on the

common co-activation of these areas during performance of a

wide range of social tasks (Frith and Frith, 2007; Blakemore,

2008; Adolphs, 2009; Mitchell, 2009).

A basic question arises from a joint examination of this litera-

ture: To what extent is abnormal connectivity in autism spectrum

disorders limited to the ‘social brain’? The phenotype among

individuals diagnosed with an autism spectrum disorder can vary

considerably, including co-morbid general intellectual impairments,

epilepsy and/or known genetic disorders (Jeste, 2011). However,

pronounced social impairments are common to all of these

individuals. If one were to consider a relatively homogenous sub-

sample of high-functioning [i.e. intelligent quotient (IQ) scores in

the average or above average range] individuals with an autism

spectrum disorder without the presence of additional neurological

conditions or known genetic disorders, then proponents of the

‘social brain’ should predict: (i) abnormal connectivity will prefer-

entially involve social brain areas and (ii) the magnitude of devi-

ation from control levels of connectivity in these brain areas should

predict the severity of social symptoms measured behaviourally.

On the other hand, proposals that are focused instead on how

connectivity problems can affect information processing more gen-

erally would be equally compatible with finding effects outside of

the social brain. Two such prominent proposals include a discon-

nection between the hemispheres via the corpus callosum, with

further disconnection between frontal and more posterior brain

regions (Just et al., 2007; Schipul et al., 2011), as well as the

proposal that strong but non-selective local connectivity leads to

Figure 1 Areas of the ‘social brain’. A set of brain regions are commonly co-activated across a range of social tasks: the medial and
ventromedial prefrontal cortex, the posterior cingulate/precuneus, the amygdala and anterior hippocampus, the anterior temporal lobes,
the posterior superior temporal sulcus and temporo-parietal junction, the lateral portion of the fusiform gyrus, the left inferior frontal
gyrus, somatosensory and anterior intraparietal cortices, and the anterior insula (not shown). These are often referred to collectively as the
‘social brain’ (for reviews, see Frith and Frith, 2007; Olson et al., 2007; Blakemore, 2008; Adolphs, 2009; Mitchell, 2009).
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Fig. Reproduced from Gotts et al, Brain, 2012

Sulcus temporal supérieur (processus 
de mouvement biologique et direction du 

regard de l’autre)
gyrus fusiforme(reconnaissance des 

visages)

Amygdale 
(processus de l’émotion)

Inférieur frontal et pariétal (“système des neurones en miroir”)
(comportement de perception d’action et d’imitation)

Cortex préfrontal médial
(mentalisation, autoanalyse

Cortex temporal antérieur
(connaissances des règles et préceptes 

sociaux)

Des régions qui se spécialisent dans le traitement de l’information 
sociale au cours de l’enfance et de l’adolescence



Même la tâche SAT active le cerveau social

La visualisation des formes en 
mouvement dans la tâche SAT 
active le “social brain network” 
(réseau complexe impliquant les 
régions médiales préfrontales, le 
gyrus temporal supérieur, le 
gyrus fusiforme and l’amygdale) 

(Schultz et al., 2003)



Résumé intermédiaire

‣ Déjà avant la naissance, le bébé à naître est programmé pour 
regarder les visages 

‣ En s’orientant vers les visages et les yeux, le bébé apprend jour 
après jour à décoder les informations socialement importantes: 
lire les émotions, décoder les intentions. Il s’approprie ensuite 
ces acquisitions pour communiquer avec les personnes qui 
l’entourent, par le regard, puis les gestes, puis le langage 

‣ Cet intérêt très fort pour tous les stimuli sociaux va contribuer 
au développement des régions cérébrales spécialisées dans le 
traitement de l’information sociale, le “cerveau social”



Les troubles du spectre 
de l’autisme



Les troubles du spectre de l’autisme (TSA)

‣ Prévalence : en augmentation, touche 
actuellement ~1 enfant sur 36 (CDC, 
2023) 

‣ Symptômes : Difficultés dans le 
domaine de la communication sociale 
& comportements répétitifs ou intérêts 
restreints 

‣ Traitement : les études cliniques 
démontrent que la sévérité des 
symptômes est grandement diminuée 
par une intervention comportementale 
précoce et intensive

4 garçons : 1 fille

Estimations du CDC, basées sur 11 sites aux USA (>300’000 
enfants âgés de 8 ans); statistiques publiées avec 4 ans de 

délai (derniers chiffres de 2022  publiés en avril 2025)
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Les personnes avec TSA regardent le monde différemment

Klin et al., Am J Psy 2002



Exploration visuelle des visages chez la personne avec TSA
‣ Un grand nombre d’études rapporte que des enfants d’âge scolaire, 

adolescents ou adultes avec un TSA montrent une exploration 
visuelle atypique des interactions sociales, p.ex. en focalisant moins 
sur les visages, et autres stimuli socialement saillants

Klin et al., Arch Gen Psy 2002
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the utility of measuring spontaneous responses in a non-
explicit, nonverbal setting.

A Novel Paradigm for the Social 
Phenotype in Autism

In order to better capture, characterize, and measure
the profound social dysfunction evidenced in naturalistic
contact with persons with autism, we recently began to
use eye-tracking technology to study their spontaneous
viewing patterns when presented with real-life social
scenes. This method allows the investigator to see the
world through the eyes of an individual with autism. Pre-
cise measurements of the subject’s visual focus are super-
imposed over the dynamic images of viewed film clips.
The resultant videotape can then be analyzed and coded
for a detailed characterization of viewing patterns. The
potential of this paradigm is exemplified in a number of il-
lustrations we obtained by contrasting discrete viewing in-
stances of one cognitively able (full-scale IQ=119) male
adult with autism and an age, gender, and IQ-matched
comparison subject with typical development. The mo-
ment-by-moment visual traces left behind by the saccadic
movements and fixations of the individual with autism ap-
pear to represent quite vividly his atypical attempts to cre-
ate social meaning out of what he saw. The two individuals

watched digitized clips of the film version of Edward Al-
bee’s classic Who’s Afraid of Virginia Woolf? This movie
was chosen because it displays the intense interaction of
four protagonists involved in a content-rich social situa-
tion likely to maximize viewers’ monitoring of each per-
son’s socially expressive actions as well as those charac-
ters’ reactions to the actions of others. The demanding
social complexity in the movie was intended to mirror
complicated social situations that individuals with autism
may encounter in their everyday social life, such as at a
school dance or at lunch in a cafeteria.

Looking at Faces

In real-life social situations, many crucial social cues oc-
cur very rapidly. Failure to notice them may lead to a gen-
eral failure to assess the meaning of entire situations, thus
precluding adaptive reactions to them. This is exemplified
in Figure 1, which shows a still image of two of the film’s
characters: at left, a young man, Nick, and at right, his wife
Honey. Overlaid on the image are crosses that mark, in red,
the focus of the viewer with autism and, in yellow, the fo-
cus of the normal comparison viewer. The boldest crosses
mark each viewer’s visual focus while watching the film;
the gradational crosses reveal the direction from which
the viewers’ visual focus traveled. While viewing the previ-
ous film shot, both viewers were focused on the right half

FIGURE 2. Visual Focus of an Autistic Man and a Normal Comparison Subject Shown a Film Clip of a Conversation

Viewer With Autism

Normal Comparison Viewer

Klin et al., Am J Psy 2002
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Attention to eyes is present but in decline in
2–6-month-old infants later diagnosed with autism
Warren Jones1,2,3 & Ami Klin1,2,3

Deficits in eye contact have been a hallmark of autism1,2 since the
condition’s initial description3. They are cited widely as a diagnostic
feature4 and figure prominently in clinical instruments5; however,
the early onset of these deficits has not been known. Here we show in
a prospective longitudinal study that infants later diagnosed with
autism spectrum disorders (ASDs) exhibit mean decline in eye fixa-
tion from 2 to 6 months of age, a pattern not observed in infants who
do not develop ASD. These observations mark the earliest known
indicators of social disability in infancy, but also falsify a prior
hypothesis: in the first months of life, this basic mechanism of social
adaptive action—eye looking—is not immediately diminished in
infants later diagnosed with ASD; instead, eye looking appears to
begin at normative levels prior to decline. The timing of decline
highlights a narrow developmental window and reveals the early
derailment of processes that would otherwise have a key role in
canalizing typical social development. Finally, the observation of
this decline in eye fixation—rather than outright absence—offers a
promising opportunity for early intervention that could build on
the apparent preservation of mechanisms subserving reflexive ini-
tial orientation towards the eyes.

Autism Spectrum Disorders (ASDs) affect approximately 1 in every
88 individuals6. These disorders are lifelong, believed to be congenital,
and are among the most highly heritable of psychiatric conditions7.
However, the genetic heterogeneity of ASD—with estimates suggesting
as many as three- to five-hundred distinct genes impacting aetiology8—
poses a stark challenge for understanding the biology of the condition:
with so many different ‘causes’, a key question is how that genetic het-
erogeneity can be instantiated into common forms of disability.

One answer is that although the specific biological mechanisms may
vary (in genes or pathways affected, in dosage or in timing), any such
disruptions will contribute to an individual deviation from normative
developmental processes9,10; the mechanisms may initially be different,
but a divergence from typical development is shared. In this way,
widely varying initial liabilities can be converted into similar manifes-
tations of impairment, giving rise to the spectrum of social disability
we then call ‘autism’.

In typical development, the processes of normative social interaction
are extremely early-emerging: from the first hours and weeks of life,
preferential attention to familiar voices11, faces12, face-like stimuli13 and
biological motion14 guide typical infants15. These processes are highly
conserved phylogenetically16 and lay the foundation for iterative spe-
cialization of mind and brain17, entraining babies to the social signals of
their caregivers11–14,18.

In the current study, we tested the extent to which measures of these
early-emerging normative processes may reveal disruptions in ASD at
a point prior to the manifestation of overt symptoms. We measured pre-
ferential attention to the eyes of others, a skill present in typical infants12

but significantly impaired in 2-year-olds with ASD2. We proposed that
in infants later diagnosed with ASD, preferential attention to others’
eyes might be diminished from birth onwards2,3,17.

Data were collected at 10 time points: at months 2, 3, 4, 5, 6, 9, 12, 15,
18 and 24. We studied 110 infants, enrolled as risk-based cohorts:
n 5 59 at high-risk for ASD (full siblings of a child with ASD19) and
n 5 51 at low-risk (without first-, second- or third-degree relatives
with ASD). Diagnostic status was ascertained at 36 months. For details
on study design, clinical characterization of participants, and experi-
mental procedures, see Methods and Supplementary Information.

Of the high-risk infants, 12 met criteria for ASD20 (10 males, 2 females),
indicating a conversion rate of 20.3%19. One child from the low-risk
cohort was also diagnosed with ASD. Given the small number of girls
in the ASD group, we constrained current analyses to males only, 11
ASD (10 from the high-risk cohort and 1 from the low-risk), and 25
typically developing (all from the low-risk cohort).

At each testing session, infants viewed scenes of naturalistic care-
giver interaction (Fig. 1a, b) while their visual scanning was measured
with eye-tracking equipment. The 36 typically developing and ASD
children viewed 2,384 trials of video scenes.

Control comparisons tested for between-group differences in atten-
tion to task and completion of procedures. There were no between-
group differences in duration of data collected per child (typically
developing 5 71.25 (27.66) min, ASD 5 64.16 (30.77) min, data given
as mean (standard deviation), with t34 5 0.685, P 5 0.498; two-sample
t-test with 34 degrees of freedom, equal variances); or in the distri-
bution of ages at which successful data collection occurred (k 5 0.0759,
P 5 0.9556; two-sample Kolmogorov–Smirnov test). Calibration accuracy
was not significantly different between groups: either cross-sectionally,
at any data collection session (all P . 0.15, t , 1.44; mean P 5 0.428); or
longitudinally, as either a main effect of diagnosis (F1,2968.336 5 0.202,
P 5 0.65) or as an interaction of diagnosis by time (F1,130.551 5 0.027,
P 5 0.87) (by hierarchical linear modelling; see Methods, Supplemen-
tary Information and Extended Data Fig. 8).

We then measured percentage of visual fixation time to eyes, mouth,
body and object regions (Fig. 1c). For each child, during each video,
these measures served as the dependent variables for longitudinal ana-
lyses. Longitudinal analyses were conducted by functional data analysis
(FDA)21 and principal analysis by conditional expectation (PACE)22

(examples in Fig. 1d, e), and were repeated with traditional growth
curve analysis using hierarchical linear modelling (HLM)23.

Growth curves for normative social engagement show broad devel-
opmental change in typically developing infants during the first 2 years
of life (Fig. 2a and Extended Data Figs 2, 4 and 7). From 2 to 6 months,
typically developing infants look more at the eyes than at mouth, body,
or object regions (all F1,23 . 15.74, P , 0.001, by functional analysis of
variance (functional ANOVA)21) (Fig. 2a, e). Mouth fixation increases
during the first year and peaks at approximately 18 months (Fig. 2a, f).
Fixation on body and object regions declines sharply throughout the
first year, reaching a plateau between 18 and 24 months (Fig. 2a, g, h),
with greater fixation on body than on object regions at all time points
(F1,23 5 18.02, P , 0.001).

In infants later diagnosed with ASD, growth curves of social visual
engagement follow a different developmental course (Fig. 2b and

1Marcus Autism Center, Children’s Healthcare of Atlanta, Atlanta, Georgia 30329, USA. 2Division of Autism & Related Disabilities, Department of Pediatrics, Emory University School of Medicine, Atlanta,
Georgia 30022, USA. 3Center for Translational Social Neuroscience, Emory University, Atlanta, Georgia 30022, USA.
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Extended Data Figs 2, 5 and 7). From 2 until 24 months of age, eye
fixation declines, arriving at a level that is approximately half that of
typically developing children by 24 months (Fig. 2e). Fixation on others’
mouths increases from month 2 until approximately month 18 (Fig. 2f).
Fixation on others’ bodies declines in children with ASD, but at less
than half the rate of typically developing children, stabilizing at a level
25% greater than typical (Fig. 2g). Object fixation also declines more
slowly in children with ASD, and increases during the second year
(Fig. 2h), rising by 24 months to twice the level of typical controls.

Between-group comparison of entire 2- to 24-month growth curves
by functional ANOVA21 reveals significant differences in eye fixation
(Fig. 2e, F1,34 5 11.90, P 5 0.002), in body fixation (Fig. 2g, F1,34 5 10.60,
P 5 0.003), and in object fixation (Fig. 2h, F1,34 5 12.08, P 5 0.002), but
not in mouth fixation (Fig. 2f, F1,34 5 0.002, P 5 0.965) (Bonferroni
corrections for multiple comparisons, a5 0.0125). Related analyses,
including HLM, are given in Supplementary Information and Extended
Data Figs 4, 5, 7, 8 and 9)

Contrary to our initial hypothesis2, the data for children with ASD
show a developmental decline in eye fixation from 2 until 24 months of
age (Fig. 2c, d), with average levels of ASD eye-looking that appear to
begin in the normative range.

The relationship between longitudinal eye fixation and dimensional
level of social-communication disability was tested using regression. As
shown in Extended Data Fig. 1, steeper decline in eye fixation is assoc-
iated with more severe social disability5: r(9) 5 20.750 (20.27 to 20.93,
95% confidence interval), P 5 0.007, Pearson r, 9 degrees of freedom.
In an exploratory analysis, we also tested sub-sets of the available data:
that is, we measured decline in eye fixation using only data collected
from month 2 to 6, excluding data collected thereafter, and then using

only data collected from month 2 to 9, 2 to 12, 2 to 15, and 2 to 18. The
relationship between decline in eye fixation and outcome becomes a
statistical trend by the subset of month 2 to 9 (P 5 0.100), and is
statistically significant thereafter. Although these analyses will benefit
from replication with larger samples, they offer preliminary indication
of the clinical significance of these early behaviours.

Our experimental design densely sampled the first 6 months of life in
order to test the relationship between early looking behaviour and later
categorical outcome. Extended Data Fig. 2a–c show raw eye-fixation
data collected in the first 6 months. Eye-fixation data for both groups
show significant associations with chronological age (F1,114.237 5 9.94,
P 5 0.002 for typically developing eye fixation, F1,41.609 5 9.62,
P 5 0.003 for ASD eye fixation), but the slopes of the associations
are in opposite directions: increasing at 13.6% per month for typically
developing (1.3 to 5.9, 95% confidence interval), and decreasing at
24.8% per month for ASD (27.9 to 21.7, 95% confidence interval).
A similar difference is observed for body fixation (Extended Data
Fig. 2g–i): body fixation is declining in typically developing children
but is not declining in those later diagnosed with ASD (24.3% per
month (25.4 to 23.1) for typically developing, F1,211.856 5 54.83,
P , 0.001; 0.3% per month for ASD (21.2 to 1.7), F1,241.320 5 0.11,
P 5 0.739). For both regions, there are significant interactions of diagnosis
by age: eyes, F1,787.928 5 9.27, P 5 0.002; and body, F1,25.557 5 5.88,
P 5 0.023 (HLM).

As a control, we tested whether there were between-group differences
in levels of looking at the video stimuli, irrespective of content region.
There were no between-group differences in levels of fixation or saccad-
ing, respectively, either as a main effect of diagnosis (F1,21.652 5 0.958,
P 5 0.339; F1,27.189 5 0.250, P 5 0.621) or as an interaction of diagnosis
by age (F1,20.026 5 0.880, P 5 0.359; F1,26.430 5 0.561, P 5 0.460) (Extended
Data Fig. 3).

Given the variability in infant looking, we measured the extent of
overlap in distributions for measures of fixation in typically developing
infants relative to infants later diagnosed with ASD (Fig. 3a plots
individual growth curves for levels of eye fixation, and Fig. 3b plots
change in eye fixation). Mean individual levels of change in fixation
between 2 and 6 months show minimal overlap between groups (Fig. 3c).
However, such estimates (depending as they do on the data used to
build the model, with known diagnostic outcomes) are likely to be
optimistic24; to assess bias, we performed an internal validation.

As an internal validation (Fig. 3d–f), we used leave-one-out cross-
validation (LOOCV), partitioning our data into subsamples so that
each infant was tested as a validation case (that is, presuming unknown
diagnostic outcome) in relation to the remainder of the data set25. The
results indicate relatively low levels of overlap between groups (Fig. 3f).
The same analyses were conducted for rates-of-change in body fixation
(Fig. 3g–l). Although the area under each receiver operating character-
istic (ROC) curve is smaller (as expected) for the internal validations
(Fig. 3f, l) compared to estimates based on known diagnostic outcomes
(Fig. 3c, i), the 95% confidence intervals clearly indicate less overlap
than expected by chance.

As an external validation, we used the same technique to test six
male infants who were not part of the original sample. Two of the six
children had reached the age of 36 months, with confirmed ASD
diagnosis, and four of the children were low-risk recruits, now at least
22 months of age, with no clinical signs of ASD. In relation to the
original sample’s change in eye and body fixation (Fig. 3m), these six
independent test cases show similar trajectories within the first 6
months (Fig. 3n). Although this validation set is small, the probability
of obtaining all six of these results in the predicted direction by chance
alone is P 5 0.0156 (equal to the chance of correctly predicting the
outcome, 0.5, on each of 6 occasions, 0.56).

As a result of observing these differences between clearly defined
extremes of social functioning at outcome (ASD and typically devel-
oping), we analysed data from the remaining high-risk males. These
siblings were identified clinically as either unaffected at 36 months
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Figure 1 | Example stimuli, visual scanpaths, regions-of-interest, and
longitudinal eye-tracking data from 2 until 24 months of age. a, Data from a
6-month-old infant later diagnosed with ASD, red. b, Data from a typically
developing (TD) 6-month-old infant, blue. Two seconds of eye-tracking data
are overlaid on each still image, onscreen at the midpoint of the data sample.
Saccades are plotted as thin white lines with white dots; fixation data are plotted
as larger coloured dots. c, Corresponding regions of interest for each image in
a and b, shaded to indicate eye, mouth, body and object regions. d, e, Trial data
with FDA curve fits plotting percentage of total fixation time on eyes, from 2
until 24 months of age, for two children with ASD (d) and two TD children (e).
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6 mois, diagnostiqué 
plus tard avec un TSA

6 mois, développement 
typique
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Figure 2 | Growth charts of social visual engagement for typically
developing children and children diagnosed with ASD. a, b, Fixation to eyes,
mouth, body and objects from 2 until 24 months in TD (a) and ASD
(b) children. c, d, Contrary to a congenital reduction in preferential attention to
eyes in ASD, children with ASD exhibit mean decline in eye fixation.
e–h, Longitudinal change in fixation to eyes (e), mouth (f), body (g), and object
(h) regions; between-group comparisons by functional ANOVA. Thick lines

indicate mean growth curves, thin lines indicate 95% confidence intervals.
Top panels in e–h plot per cent fixation; middle panels plot change in fixation
(the first derivative, in units of % change per month); and bottom panels plot
F value functions for between-group pointwise comparisons. Significant
differences are shaded in medium grey for comparison of fixation data and light
grey for comparison of change-in-fixation data, with F ratio critical value
marked by an arrowhead on the y axis.
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Figure 3 | Visual fixation between 2 and 6 months of age relative to
diagnosis at year 3. a, b, Individual curve fits for eye-fixation data (a) and
change-in-fixation data (b) for TD infants (blue) and infants later diagnosed
with ASD (red). c, The extent of between-group overlap in distributions of
change-in-fixation data with known diagnostic outcomes (Known Dx). For
internal validation, each infant was tested as a validation case in relation to the
remainder of the data (leave-one-out cross-validation, LOOCV). d, e, Area

plots in d and e show LOOCV mean and 95% prediction intervals for individual
trajectories of eye fixation (d) and change-in-fixation (e) data. f, The extent of
between-group overlap in change-in-fixation data (mean and 95% confidence
interval). g–l, The same analyses as a–c and d–f, but for body fixation, are
shown in g–i and j–l. m, Plot of the joint distribution of change in eye and body
fixation. n, Six male infants, not part of the original sample, were tested as an
external validation.
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L’enfant qui développera un TSA 
présente une orientation réflexe 
préservée à la naissance, mais à 
partir de l’âge de ~6 mois il se 
désintéresse progressivement 
des visages



Réponse à l’attention conjointe: développement typique à 14 mois

Vidéo du « Center for Autism and related Disorders - Kennedy Krieger Institute »



Réponse à l’attention conjointe: enfant de 14 mois avec un TSA

Vidéo du « Center for Autism and related Disorders - Kennedy Krieger Institute »



Reciprocité sociale: enfant de 14 mois avec un TSA

Vidéo du « Center for Autism and related Disorders - Kennedy Krieger Institute »
Early Social Communication Scale (ESCS, Mundy et al., 2003)



Quelles conséquences d’une réduction de l’orientation sociale?

Développement typique  
(n=19, 3.8±1.3 ans)

Un garçon avec trouble du spectre de 
l’autisme (5 ans)

‣ Les personnes avec TSA ont plus de difficultés à 
suivre les interactions sociales 



Social Attribution Task (SAT) & autisme

Homme de 35  ans avec un trouble du spectre de 
l’autisme: 
“ça commence quand un petit tr iangle 
équilatéral se détache d'un carré. Une petite 
sphère ou un cercle apparaît et glisse le long du 
rectangle brisé. Les triangles étaient soit 
équilatéraux, soit isocèles. Plus tard, le petit 
triangle, qui est isocèle je pense, et la sphère, 
rebondissent l'un sur l'autre, peut-être à cause 
d'un champ magnétique …”

Récit d’une jeune fille de 21 ans: 
“Je trouve qu’on dirait des petits 
enfants qui jouent. Le grand enfant 
essayait de battre le petit. Il s'est enfui. Il 
a d'abord dit “bonjour”, puis le petit 
enfant a réalisé que le grand était 
agressif et s'est réfugié dans le coin 
inférieur droit de la maison. À ce 
moment-là, le cercle s'est en quelque 
sorte échappé dans la maison. Alors 
que le petit triangle s'échappait de celui 
qui était une brute, le plus gros gars est 
entré dans la maison et a coincé le petit 
cercle. Le petit cercle a réussi à 
s'échapper, en fermant la porte derrière 
lui et en enfermant la brute à l'intérieur. 
Le petit cercle et le petit triangle criaient 
“hourrah!”. Ils étaient heureux parce que 
…” 

récit tiré de Klin et al., Brain Cognit 2006; tâche inspirée de Heider & Simmel, 1944



Résumé

‣ Toutes les études montrent que le 
TSA est associé à une réduction de 
l’orientation sociale. Par un effet de 
cascade, cela conduit le bébé à rater 
des opportunités d’apprentissage 
social au quotidien, et affecte le 
développement de ses compétences 
sociales et de son cerveau social. 

‣ On ne sait pas encore quels sont les 
mécanismes qui sont responsables de 
cette diminution d’orientation sociale, 
mais on sait que les interventions 
thérapeutiques les plus efficaces à ce 
jour sont comportementales et visent 
l’augmentation de l’orientation sociale.
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Merci pour votre attention!


