
Informatique et robotique, nouveaux 
outils de la psychologie de l’enfant?

David COHEN & Mohamed CHETOUANI

Service de Psychiatrie de l’Enfant et de l’Adolescent
GH Pitié-Salpêtrière

Institut des Systèmes Intelligents et de Robotique (ISIR)
Sorbonne Université 



Psychologie, Psychiatrie & Informatique et Robotique
Emotions, expressions 
faciales

 

Mouvement de tête (Martin et 
al. Molecular Autism 2018)

Agents virtuels pour les entretiens 
psychologiques (Lucas et al. Front. 
Robot. 2017)



Psychologie, Psychiatrie & Informatique et Robotique

Still face experiments

Dynamique de l’interaction sociale:
• Dyade, groupe
• Synchronie, Imitation, Tour de 

parole, attention conjointe
• Comportements en interaction
• Robotique sociale



Plan

• TIC et IA pour explorer la psychopathologie
– Autisme et films familiaux
– Dynamique motrice et ocytocine

• Imagerie comportementale et imagerie de 
l’interaction
– Stress ressenti vs. Stress hétéro-perçu
– Cas de la négligence maternelle précoce

• Robotique développementale

• Applications thérapeutiques
– Les jeux sérieux
– Le robot compagnon intelligent 



Etude des interactions chez des bébés qui vont 
développer un autisme

Massie, 2007

Diagnostic > 24 
mois

?

PISA DATA BASE
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Classificateur automatique de mamanais

Mahdhaoui et al, Int J Method Psy Res, 2011



SYNCHRONY

RECIPROCITY

ì Regulation Up

ì Touching

î Intersubjective 
behavior

î Orienting 
toward people

Father�s 
commitment 

facilitates social 
interaction at S3

Motherese
facilitates

social 
interaction

ì
Intersubjective 
responses and 
seeking people

ì Responses as a 
whole, toward

people, receptive
behaviors

Cohen et al, PLosOne 2013
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L’administration d’ocytocine chez le père améliore la qualité de 
l’interaction précoce et l’engagement social

Weissman et al., Biol Psychiatry 2012

L’ inhalation d’ocytocine par le père augmente 
les taux d’ocytocine chez le bébé

L’engagement social des pères et bébés est 
augmenté sous ocytocine vs plavebo

Comment survient le transfert d’information ?

Etude des vocalisations et des tours de parole
Etude de la proxémie



Etudes de la proxémie entre père et bébé
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L�accélération de la tête du père est fortement corrélée à 
l�augmentation d�ocytocine chez le bébé

Weissman et al., Biol letters (2013)



Plan

• TIC et IA pour explorer la psychopathologie
– Autisme et films familiaux
– Dynamique motrice et ocytocine

• Imagerie comportementale et imagerie de 
l’interaction
– Stress ressenti vs. Stress hétéro-perçu
– Cas de la négligence maternelle précoce

• Robotique développementale

• Applications thérapeutiques
– Les jeux sérieux
– Le robot compagnon intelligent 



Stress, physiologie et comportements moteurs

Aigrain et al, IEEE Affective Computing 2016



Spodenkiewicz et al, Progress NPBP 2018

Stress, physiologie et comportements moteurs



Spodenkiewicz et al, Progress NPBP 2018

Stress, physiologie et comportements moteurs



Spodenkiewicz et al, Progress NPBP 2018

Stress, physiologie et comportements moteurs

We found a significant opposite distribution of behavioral and physiological features between
self-perception and hetero-perception. 

There were 5 behavioral features and16 physiological ones for the self-perception best subset (Chi2 = 7.81, df =1, 
p= 0.005), as opposed to 10 behavioral features and 3 physiological ones for the hetero-perception best subset

(Chi2 = 6.79, df = 1, p = 0.009).
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Experimental room

Video 3D dataAutomatic extraction of 
individual (quantity of 

movements; motion 
activity) and synchrony

(contribution to heads 
distance change; time 

spent face to face; time 
spent gazing at the 

game) motion features

Skeleton
data

3D calibration with chessboard

Time synchronization with 
hands clap

10 mères négligentes vs. 10 mères contrôles

3D
Image 

reconstruction



Démonstration de l�extraction automatisée des indices 
moteurs en 2D + 3D

Leclère et al., Trans Psychiatry, 2016



Annotation des vidéos (CIB): mères négligentes montrent 
moins de réciprocité, de sensibilité, posent moins de limites et 

sont plus intrusives



Les scores du CIB sont fortement corrélés aux indices moteurs video 2D 
+ 3D

Leclère et al., Trans Psychiatry, 2016

Confrontation des données de la clinique interactive et des 
indices moteurs en 2D + 3D

Quand on classe les dyades en 2 groupes avec des méthodes SVM qui 
apprennent sur les données motrices extraites, on arrive à 100% de 

dyades correctement classées

Les mères négligentes sont donc très significativement différentes au 
plan de leur interaction motrice avec leur bébé
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La prochaine étape ?
Tester l’hypothèse de Meltzoff : la notion de « comme 

moi » dans l’émergence du self

Cette hypothèse postule que l’imitation est une des aptitudes de 
base du développement du bébé avec la plasticité cérébrale et 

l’apprentissage probabiliste

Quand le bébé fait l’expérience de l’imitation, il se rend contre que 
l’autre l’imite et qu’il imite

Ces prémices constituent las premiers temps de la reconnaissance 
de l’autre et de la connaissance de soi ou émergence du self

Melzoff, Dev Science, 2007





Boucenna et al. : IEEE Trans. on Autonomous Mental Development (2014)
Murray et al. 2016 IEEE/SICE International Symposium on System 
Integration.

Architecture pour tester l’hypothèse de Meltzoff en 
robotique développementale
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Fig. 7. The success rate is shown for each posture for different care-
givers (adults, TD children, and children with ASD) obtained during natural
interaction with the robot. During the learning phase (which only lasted
2 m inutes), hum ans im itated the robot, and then the robot im itated them .
Different caregivers interacted with the robot: 11 adults (corresponding to
2000 images), 15 TD children (corresponding to 3100 images) and 15 children
with ASD (corresponding to 3100 im ages). Each im age was annotated with
the response of the robot during the online interaction, enabling the statistical
analyses to be performed offline.
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Fig. 8. The number of neurons needed to learn with different caregivers
(adults, TD children, and children with ASD) interacting with the robot: 11
adults (corresponding to 2000 images), 15 TD children (corresponding to 3100
images) and 15 children with ASD (corresponding to 3100 images)

postures of adults and TD children more easily than those of
children with ASD.
This result can be attributed to the higher complexity of

the visual input (i.e., the caregiver posture) when children
with ASD imitated the robot. Despite successful performance
during the imitation task, as given by the annotation score,
more variability was observed in the postures of the children
with ASD. Fig. 7-8 confirms the impact of the caregivers
on the robot learning and shows the different developmental
trajectories of the robot. The number of neurons required
by the robot and the postures recognition varied with the
characteristics of the caregivers.
Finally, we also assessed learning using normalized mu-

tual information for paired caregivers. Table II shows the

normalized mutual information used to measure the agree-
ment between two clusters belonging to two groups. The
NMI measured the similarity between the two groups. The
NMITDvs.Adult between the TD children and the adults was
0.57. The NMIASDvs.Adult between the children with ASD
and the adults was 0.6. The NMITDvs.ASD between the TD
children and the children with ASD was 0.62. The results
reinforce previous results (Fig. 7), enabling us to draw the
following conclusions: (1) age affects learning because the
NMI for both groups of children differed substantially from
that for the adult group, though the same number of neurons
were needed for learning with the TD children as for the
adults; and (2) a pathological effect also contributes to learning
because the NMI between the TD children and the children
with ASD was far from 1.

TD/ASD TD/adult ASD/adult
NMI 0.622 0.570 0.603

TABLE II
NMI (NORMALIZED MUTUAL INFORMATION), WHICH MEASURES THE

AGREEMENT BETWEEN TWO CLUSTERS BELONGING TO TWO
POPULATIONS AND SHOWS THE SIMILARITY BETWEEN THE TWO

POPULATIONS

C. Does first partnership (ASD vs. TD) during the learning
phase influence robot learning?
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Fig. 9. Number of neurons needed to learn during the learning phase, which
were obtained by testing two conditions: 1) the robot interacted with TD
children, followed by children with ASD and 2) the robot interacted with
children with ASD, followed by TD children.

Two cases were tested to assess this issue. In the first case,
the robot interacted and learned first with the TD children,
followed by interacting and learning with the children with
ASD. In the second case, the robot interacted and learned
first with the children with ASD, followed by interacting and
learning with the TD children. Fig. 9 shows the number of
neurons needed to learn during the learning phase. In both
cases, the curve varies significantly when the robot started to
interact with the second group (p < 0.05). The results show

Boucenna et al. IEEE Trans. on Autonomous Mental Development (2014)

p<0.05 (Chow test)

Architecture pour tester l’hypothèse de Meltzoff en 
robotique développementale
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Imitation game between caregiver and robot Learning: Sensory Motor architecture

Metrics

learning phase

validation phase

motor
internal 

state

motor
internal 

state
prediction

visual 
features

motor
internal

state

motor
internal

state
prediction

- number of neurons
- mutual information
- succes rate

Fig. 2. Overview of experimental protocol: 1) imitation game between caregiver and robot to learn postures; 2) sensory-motor architecture based on a neural
network; and 3) m etrics to assess the im pact of caregivers

Fig. 4. Global architecture for the recognition and im itation of postures:
visual processing enabled sequential local views to be extracted (a circle
corresponds to a focus point); the V F group (local view recognition) learned
the local views (each group of neurons, MIS, MISP , STM and MP ,
contained 5 neurons that corresponded to 4 postures and a neutral posture).

Fig. 5. Visual processing is shown above: this visual system was based on
the sequential exploration of the image focus points. A gradient extraction was
performed on the input image. A Difference of Gaussian (DOG) convolution
provided the focus points. Finally, the local views (shown by arrows) were
extracted from around each focus point.

B. Focus points detection

The visual system was based on the sequential exploration
of the image focus points. A gradient extraction was performed
on the input image. A Difference Of Gaussian (DOG) convo-
lution provided the focus points. Finally, the local views were
extracted from around each focus point (Fig. 5). However,
there was no constraint on how the local views were selected
(i.e., no framing mechanism). This procedure can result in
many distractors, such as objects in the background, as well
as irrelevant parts of the human body.

C. Visual features
Fig. 4 shows the sensory-motor architecture that enabled

the learning, recognition and imitation of postures. The ex-
tracted local view around each focus point was learned and
recognized by a group of neurons V F (visual features) using
a k-means variant that enabled online learning and real-time
functions [43] called SAW (Self Adaptive Winner takes all)

V Fj = netj .Hmax(γ,net+σnet)(netj) (1)

netj = 1−
1

N

N∑

i=1

|Wij − Ii| (2)

V Fj is the activity of neuron j in the group V F . Hθ(x) is
the Heaviside function1. Here, γ is a vigilance parameter (the
threshold of recognition). When the prototype recognition is
below γ, then a new neuron is recruited (incremental learning).

net is the average of the output, and σnet is the standard
deviation. This model enables the recruitment to adapt to the
dynamics of the input and to reduce the importance of the
choice of γ. Thus, γ can be set to a low value to maintain
a minimum recruitment rate. The learning rule allows both
one-shot learning and long-term averaging. The modification
of the weights (Wij) is computed as follows:

∆Wi j= δj
k(aj(t)Ii + ϵ(Ii −Wi j)(1− V Fj)) (3)

with k = ArgMax(aj), aj(t) = 1 only when a new neuron
is recruited; otherwise, aj(t) = 0. Here, δjk is the Kronecker
symbol2, where ε is the adaptation rate for performing long-
term averaging of the stored prototypes. When a new neuron is
recruited, the weights are modified to match the input (the term
aj(t)Ii). The other part of the learning rule, ε(Ii −Wij)(1−
V Fj), averages the already learned prototypes (if the neuron
was previously recruited). The closer the inputs are to the
weights, the less the weights are modified. Conversely, the

1Heaviside function:

Hθ(x) =

{

1 if θ < x
0 otherwise

2Kronecker function:

δj
k =

{

1 if j = k
0 otherwise



Boucenna et al, Scientific Reports, 2016

is able to accurately recognize the interactive agents in a subsequent encounter. In Experiment

2, we changed both the imitation task (5 facial expressions) and robotic platform (Robot head)

and obtained a similar transfer for person recognition after the learning phase. In Experiment 3,

Nao interacted with a set of avatars having very similar visual characteristics to each other, and

”personal identity recognition” (here avatars’ visual motor/motion characteristics) was again

achieved.

Figure 2 Overview of the experiments showing imitation learning and partner’s recognition dur-

ing interaction between a robot and a partner. The current experiments used the same learning

architecture and varied the learning context: (Experiment 1, top) posture imitation between the

robot Nao and human partners; (Experiment 2, middle) facial imitation between Robot Head

and human partners; (Experiment 3, lower) posture imitation between the robot Nao and avatars

partners.

6

Architecture pour tester l’hypothèse de Meltzoff en 
robotique développementale



Les robots apprennent à reconnaitre leurs partenaires (humain ou 
avatars) à partir de l’experience unique d’interaction par imitation
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What is a serious game?

« digital games and equipment with an agenda of educationnal 
design and beyond entertainment »

Grynszpan et al., Autism, 2014

Golan & Baron-Cohen, Dev Psychopathol, 
2006

Hopkins et al., J Autism Dev Disord, 
2011

Golan et al., J Autism Dev Disord, 
2010

Whalen et al., Autism, 
2010

Grynszpan, Martin, & Nadel, Interact Stud, 
2007

Travers et al., Educ Train Autism Dev Disab, 
2011

Serret et al., Molecular Autism, 
2014

Socio emotional skills

Neurocognitive skills

Grossard et al., Cog Comp 2017

JeSTIMULE

Cobtek NICE



FEASABILITY STUDY

• GOLIAH 5 sessions/week (4 

at home)

• during 6 months

• TAU+GOLIAH (N=14) vs. TAU 

(N=10)

• All boys, aged 5 to 7 years

• Observance=40%

• No increase of parental stress

• Significant improvement of ADOS, Vineland 

socialisation, CBCL internalizing, externalizing

and total scores in both groups

• No significant interaction time*group 

meaning that GOLIAH did not offer more 

than TAU



RehabilitationwithGOLIAH



e-GOLIAH: a novel version for online availability

Available at cupary.com (Genious Health care)

A large randomiazed medico-economic study is waiting for fundings
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Robots still used with children with autism in 2017-2018?

Nao
N=15

Kaspar
N=4

Grossard  et al, Curr Op Psychiatry, 2018

Charlie
N=1

Teo
N=1

Riby
N=1

Alice
N=2



A

B

C

Feedback 

Valid interactive therapies
High level processing

Sensory state
Attentional state 

Features and metrics (FU 
and outcome, research)

Feedback

Multimodal sensory interaction
Low level processing

Progressive guidance towards a global human 
interaction

What’s next



JeMiME : Emotion production algorithmic validation

N=24 children with ASD
1h training

Improvement of FE production 
during training (p<.001)

Users quite happy to play



RGB-D Sensors
Behavior Analysis

EEG Cap
NeuroFeedback

Social Robot
Learning Mediator

Tablets
Continuous Learning

Caregiver

Pupil

Pupil

Pupil

Pupil

Robotic school assistant for better attention



http://chili.epfl.ch/cowriter

Robotic school assistant for writing
Co-Writer

Learning by teaching



Conclusion

Meltzoff et al, Science, 2009http//:speapsl.aphp.fr

• Les Technologies de l’Information et de la Communication / L’IA offrent de 
nouvelles opportunités d’interaction et de travail avec des personnes avec TSA.

• Les jeux sérieux et la robotique sont deux moyens d’investigation différents. 
Même si le premier atteint des résultats cliniques meilleurs.

• Cependant, l'absence d'études robustes avec une méthodologie solide et 
l'absence de preuve de généralisation ne permettent pas d'évaluer les avantages 
fondés sur les preuves de l'intervention des TIC chez les personnes atteintes de 
TSA.



Questions?

©FP7 Michelangelo

Merci de votre attention


