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Project Summary 
 

The MATHESIS project aims to explore fundamental aspects of social communication and adaptive 
behaviour, especially the process of assigning meaning to the actions of other subjects. This will be 
demonstrated by developing and validating artificial cognitive agents, able to acquire a repertory of 
motor actions by observational learning. Observational learning is understood here as the capacity to 
acquire an action strategy only through observation of other agents, without the experimentation 
needed in other learning procedures. 

Our brain imaging and neurophysiological investigations will attempt to establish that the 
neural representations of action-execution, action-observation and action-recall overlap extensively 
within the cortex, as suggested by our preliminary results. A major implication of this, both for 
biological and for artificial agents, is that it should be possible to train their motor system by simple 
action-observation and action-recall. The representations, shared by both overt actions and by 
mentally simulated actions, may account for the traditional use of observational learning and mental 
training (e.g., the use of videotapes to train athletes). 

These preliminary results motivate our study of neural network models and robotic cognitive 
agents, as they learn to control effectors via observation. In contrast to previous such models (based 
on the mirror neuron concept), which include action recognizing processes on a side path, we intend 
to use embodied agents to explore the emergence of action recognition in the controllers themselves. 
Moreover, we intend to examine if observation of action is an efficient means to parametrically adapt 
a small number of controllers guiding the behaviour of artificial agents. Within MATHESIS we will 
assess the generality, scalability, accuracy and robustness of this cognitive architecture. Furthermore, 
we intend to establish the developmental stage at which observational learning can be used 
efficiently in infants and children with autism. 
 
 
 

Second Year Report Summary (20th January 2007) 
 

WP2: Within the primary objective of elucidating the biological mechanisms responsible for 
observational learning in monkeys, the specific objective set by the coordinator FORTH/IACM for 
the 2nd year in WP2 was to reveal the cortical networks involved in (i) the execution of visually 
guided grasping movements, and (ii) the observation of the same movements performed by another 
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subject. Indeed, these experiments have been performed and the analysis of several lateral and 
medial frontal (premotor, motor and somatosensory) as well as parietal, intraparietal and parieto-
occipital cortical areas has been completed. The relevant results are presented in detail under 
deliverable “D2.3” below. Moreover, the FORTH/IACM group in collaboration with FORTH/ICS 
designed the brain architecture which was computationally implemented by ICS. Results obtained by 
this implementation were assessed in common to verify their biological plausibility. 

Within the primary objective of recording the activity of V6A neurons set by partner UNIBO 
for the 2nd year in WP2, the specific objectives were (i) to explore the possible involvement of V6A 
in visual and somatosensory guidance of reaching and grasping movements and (ii) to unravel its 
connections. The relevant results are presented in detail under deliverable “D2.2” below. Moreover, 
the UNIBO group in collaboration with FORTH/ICS has extracted working principles that could 
improve the efficiency of the current robotic systems in terms of reaching and grasping, after 
carefully considering the knowledge derived from neurophysiological data of area V6A. Also, 
UNIBO in collaboration with CNRS studied the ability of macaque monkeys to learn motor skills by 
observation. 

WP3: Within the primary objective of exploring the developmental path which endows 
healthy infants and autistic children with the ability to learn from observing another person 
performing an act, the specific objective set by CNRS for the 2nd year in WP3 was to reveal the 
typical and psychopathological pathways toward observational learning. The relevant results are 
presented in detail under WP3 progress-report and deliverable “D3.1” below. Moreover, the CNRS 
group in collaboration with KCL started modelling the developmental path of observational learning. 

WP4: Within the primary objective of constructing a general computational model for 
observational learning guided by the developmental mechanisms revealed by the CNRS group, two 
specific objectives have been realized by KCL for the 2nd year in WP4. The first one, in 
collaboration with CNRS, was modelling observational learning in normal infants as the transfer of 
actions on affordances and the perception of previously unlearned affordances. The second one, also 
in collaboration with CNRS, was extending the model for the purposes of solving the more complex 
task presented to children with autistic spectrum disorder. The relevant modelling is presented in 
detail under WP4 progress-report below. 

WP5: Within the primary objective of producing embodiments of cognitive agents based on 
biologically inspired computational models of observational learning, set by FORTH/ICS for the 2nd 
year in WP5, the model developed in the 1st year by FORTH/ICS (based on the FORTH/IACM 
available biological data) was further extended (including the biological data obtained by 
FORTH/IACM during the 2nd year). Moreover, the ICS computational model was embellished with 
biologically inspired neural populations representing both hemispheres of the primate brain. The 
relevant modelling is presented in detail under WP5 progress-report below. 

 

 

 

 

Here follow the list of participants, the work planning and timetable, and the deliverables promised 
for the 2nd year of MATHESIS project (in blue). 
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List of Participants 
Partic. 
Role 

Partic. 
no. 

Participant name Participant 
short name

Country Date enter 
project 

Date exit 
project 

CO 1 Foundation for Research and Technology 
– Hellas:  
Institute of Applied and Computational 
Mathematics, and  
Institute of Computer Science 

FORTH 
 
IACM 
 
ICS 

GR Month 1 Month 36 

CR 2 King’s College London, 
Centre for Neural Networks 

KCL UK Month 1 Month 36 

CR 3 University of Bologna, 
Department of Human and General 
Physiology 

UNIBO IT Month 1 Month 36 

CR 4 CNRS UMR7593, 
Laboratoire Vulnerabilite, Adaptation, 
Psychopathologie 

CNRS FR Month 1 Month 36 

 
 

 
Work planning and timetable 
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Deliverables 
 

Deliverable Title Delivery date

D1.1 Project Web site (FORTH/ICS) 6 

D2.1 Preliminary results on monkey brain areas activated by execution of visually 
guided reaching-to-point and reaching-to-grasp (FORTH/IACM) 

12 

D4.1 Initial Biological and Cognitive level models with Supporting Mechanisms 
(KCL) 

12 

D3.1 Typical and psychopathological pathways toward observational learning 
(CNRS) 

18 

D2.2 Report on V6A motor responses and on the modulation of V6A neurons 
by the availability of visual information for action guidance (UNIBO) 

24 

D2.3 Report on cortical areas activated by grasping observation. Comparison 
with the effects induced by grasping execution (FORTH/IACM). 

24 

D3.2 Pathways toward observational learning in developing agents (CNRS). 27 

D4.2 Final Biological and Cognitive level models with Supporting Mechanisms 
(KCL). 

28 

D4.3 Software Implementation of Computational Models (KCL). 28 

D5.1 Embodied cognitive agents (/FORTH/ICS). 33 

 
 

Second Year Achievements  

 
 

Relation to current state of the art 
 

We refer mostly (with minor additions) to last year’s report for the state-of-art section because, 
to our knowledge, no major contributions relevant to our project have been added in the 
literature since last year. 
 
Action-execution and action-observation neural circuits (FORTH/IACM) 

Acquisition of motor skills by observation may require the recall of stored sensory-motor 
representations of a certain category of actions. The brain circuits and the neural mechanisms 
subserving this type of learning (i.e. the observational learning) are largely unknown. A major 
contribution in this field was the discovery of ‘‘mirror neurons’’ in area F5 of the ventral premotor 
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cortex by Rizzolatti and colleagues (Rizzolatti et al, Nat Rev Neurosci.: 2, 661-670, 2001). The so 
called “mirror neurons”, fire both when a monkey grasps 3D-objects and when he observes humans 
executing the same movements, indicating the existence of an action observation/execution matching 
system that could be responsible for the capacity of individuals to recognize actions made by others. 
In addition to area F5, mirror neurons were described in area 7b/PF of the inferior parietal lobule 
(Gallese et al, Attention and Performance, 334-355, 2002). The consequent suggestion was that the 
double-duty operation (action-execution and action-observation) is performed by a small circuit 
which is constituted by a few cortical areas such as area F5 of the ventral premotor cortex, area 
7b/PF of the inferior parietal lobule, and possibly area STSa of the superior temporal sulcus. 

However, we recently demonstrated that the parieto-frontal cortical networks involved in 
action-execution and action-observation largely overlap in the primate brain (Raos et al., 
NeuroImage: 23, 193-201, 2004; J Neurosci: 27:12675-12683, 2007 and unpublished observations of 
the same authors). These results undermine the “mirror neuron system” concept, and suggest that 
others’ actions are decoded by activating one’s own action system, i.e. by internally executing them, 
in other words by mental simulation of the action. Supportive to our results are recent 
neurophysiological studies (Cisek and Kalaska Nature: 431, 993-996, 2004; Tkach et al, J Neurosci 
27:13241–13250, 2007), which demonstrate that neurons of the dorsal premotor and the primary 
motor cortex (areas traditionally thought to be part of only the action-execution system) display 
similar spiking modulation, preferred directions, and encoded information during both movement 
observation and movement execution. 

We suggest that the activation of execution-related areas during observation of action (in the 
absence of overt movement and muscle activity) reflects the mental simulation of this action by the 
observer. The existence of a common circuitry for execution and observation of actions may be the 
neuronal basis of observational learning and mental training. Furthermore, our results indicate that 
the attribution of an action to the correct agent may be encoded within the core components of the 
execution/observation neuronal system rather than on a side-path of the circuitry. 
 
Role of area V6A in the action execution/observation system (UNIBO) 

Given that the involved dorsal premotor cortex receives massive input from the medial 
parieto-occipital area V6A, a core relay station containing visual, oculomotor and forelimb related 
neurons, the in-depth exploration of this area by single cell recording by Partner 3 becomes 
necessary. Indeed, area V6A contains visual neurons sensitive to the orientation and direction of 
movement of visual stimuli and processes eye- and arm-movement related signals (Galletti et al, Exp 
Brain Res: 153, 158-170, 2003). These properties render area V6A a possible nodal point for the 
visuo-motor transformations required by a double-duty observation/execution matching system. 

The aim of our current research is to examine the hypothesis of the involvement of area V6A 
of the superior parietal lobule in the control of execution and observation/recognition of reaching and 
grasping movements. Indeed, we have found that area V6A is a crucial node in the visuomotor 
transformations necessary for guiding arm-reaching and hand-grasping actions (Fattori P, et al, Eur J 
Neurosci: 13, 2309-2313, 2001; Fattori et al, Eur J Neurosci: 20, 2457-2466, 2004; Fattori et al, Eur 
J Neurosci: 22, 956-972, 2005). Currently, we perform electrophysiological experiments in the 
awake, behaving monkey to reveal the possible involvement of V6A in action-
observation/recognition (in addition to action-execution) and we also study the anatomical 
connections of the functionally-identified area V6A in order to reveal the related brain circuit. 
 
How do humans acquire new motor skills (CNRS) 

Although there is a long and rich tradition of infant studies of imitation, the role of learning 
through observation in the early building of motor repertoire is not so richly documented. A few 
studies have recently explored the emergence of this capacity in infants of 9, 12, 15 and 18 months in 
terms of number of sequential steps that can be recalled and re-enacted (Elsner, Hauf, & 
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Ascherleben, IBAD: 30, 325-335; Kressley-Mba, Lurg, & Knopf, IBAD: 28, 82-86, 2005) but none 
has been devoted so far to the specific case of children with Autistic Syndrome Disorder (ASD). One 
recent study uses the term ‘imitation in an observational learning context’ to report immediate 
imitation of novel actions (McDuffie et al., J. Autism Dev Disord: 37, 401-412, 2007). Observational 
learning however is defined as the capacity to acquire an action strategy through observation only of 
other agents, without practicing the action. Much of the evidence comes from work on adults (special 
issue Observational learning Jl of Sport Sciences : 25, 5, 2007). Studies on adults have shown that 
motor training as well as mental training improves performance of motor skill tasks. It has been 
demonstrated (Nyberg et al., Neuropsychologia: 44, 711-717, 2006) that distinct neural pathways are 
involved in the two conditions. The mental-simulation theory proposes that perceiving actions 
involve internal simulation of the movement to be produced (Jeannerod, Neuroimage: 14, 103-109, 
2001). This internal simulation involves not only action programming but also the generation of a 
copy of the movement to be reproduced (Raos et al, Neuroimage: 23, 193-201, 2004; Raos et al., 
J.Neurosci: 27, 12675-12683, 2007). 

Recently the role of the so called “Mirror Neuron System” (MNS) in imitation (Rizzolatti et 
al, Nat Rev Neurosci: 2, 661-670, 2001) has been emphasized. Dysfunction of MNS is reported in 
Autistic Spectrum Disorder (ASD). This leads some authors to the claim that there is a strong link 
between a dysfunction of MNS and a deficit in imitation (Williams et al., Neuroscience & 
Biobehavioral Review: 25, 287-295, 2005). Others have demonstrated that similarly good imitative 
performances of high functioning ASD are accompanied by a lower activation of MNS compared to 
controls, and a higher activation in visual and motor cortices (Dapretto et al, Nature Neuroscience: 9, 
1, 28-30, 2006). At this point we should stress that the concept “mirror neurons” reflects the function 
of a certain class of cells in premotor cortical areas F5 and PF, cells which discharge both when a 
monkey executes an action and when the same monkey observes another subject executing the same 
action, and thus provide the neural substrate for understanding the actions of others. However, cells 
with these properties have been found in the temporo-occipital areas of MNS, which is known to 
devoid of motor characteristics. This fact makes the concept of MNS ill defined. In contrast, the 
simulation theory (supported by the results of the IACM/FORTH partner) assigns this role to a 
considerable portion of the nervous system (including MI, SI, F2, F5, F7, parietal and prefrontal). 
Moreover the above mentioned studies have used questionable procedures to assess imitation, and 
thus their results lead to question how far persons with ASD can use different strategies and neural 
nets in order to perform observation-action coupling, develop motor imagery, and enrich their motor 
repertoire by observational learning. MATHESIS background, showing that motor representations 
stored in the primary motor and somatosensory cortices are recalled during observation of an action 
(Raos et al., Neuroimage: 23, 197-201, 2004), indicated to us the exploration of other simulative 
neural mechanisms possible to be supported by educational interventions in ASD. For instance, re-
enacting several times the action of a model may strengthen the capacity to store motor 
representations and to recall them appropriately. Our own developmental studies (Escalona et al., Jl 
of autism and Dev Disorders: 32, 141-144, 2002; Field et al, Autism: 3, 317-323, 2001; Nadel et al., 
Autism: 2, 133-145, 2000) and their replication (Heimann et al, Infant Child Development: 15, 3, 
297-309, 2006) have shown that repeated sessions of being imitated generate an increased 
performance of imitation and recognition of being imitated. Neuroimaging studies that demonstrate a 
strong relation between imitating and being imitated (Decety et al., Neuroimage: 15, 265-272, 2002) 
support these findings.  

 
Computational modelling 

Computational modelling of imitation learning has been widely addressed in recent works, 
with most systems focusing mainly on the connectivity of the F5 mirror neurons in the premotor 
cortex. In this context the works (Arbib et al, Neural Networks: 13, 975-997, 2000; Oztop and Arbib, 
Biological Cybernetics: 87, 116-140, 2002) on the premotor cortex and (Fagg and Arbib, Neural 
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Networks: 11, 1277-1303, 1998) the FARS model on the anterior intraparietal are notable. Well 
explored cognitive tools that have been employed are rules on Hebbian Learning, applied in different 
versions of Kohonen networks. Using this intuition, projects attempt to alter the well-established 
concept of attractors to reduce the computational overhead of the processing required during the 
integration of high-dimensional input and the motor components (Kuniyoshi et al, Proccedings of the 
2003 IEEE International Conference on Robotics and Automation, 2003; Oztop et al, 5th IEEE-RAS 
International Conference on Humanoid Robots: 189-195, 2005). One of the main problems in the 
field however, remains the establishment of a proper multi-modal model for confronting 
observational learning addressing the interaction of the involved cortical areas. This inadequacy is 
evident in systems such as the Mental State Inference (Oztop et al, Cognitive Brain Research: 22, 
129-151, 2005) where due to a the lack of a competent multi-modal model, deviations from 
biological findings are unavoidable. Reciprocal interplay among different areas is requisite for 
observational learning, and renders it as a quite complex problem to be solved by conventional 
cognitive methods. 

The approach of FORTH/ICS consists of a novel way for deriving this multi-modal 
functionality through co-evolutionary iterations (Maniadakis and Trahanias, Neural Networks: 19, 
705-720, 2006). Specifically, we employ a hierarchical cooperative coevolutionary scheme to 
facilitate the design of computational brain models consisting of autonomous, yet cooperating 
structures. This approach is capable of assigning distinct roles to substructures, facilitating the 
integration of partial models, and also enforcing the replication of results observed in biological 
studies (Maniadakis and Trahanias, Proceedings of the International Joint Conference on Neural 
Networks: 434-439, 2005). The updated computational model of the 2nd year of MATHESIS 
comprised of several computational components, including Spiking neurons, Kohonen, feed-forward 
and recurrent Neural Networks, as well as models of plasticity learning, including variants of 
Hebbian learning. These components were co-evolved through a mechanism that attempted to adjust 
the influence of each population and the physiology of its neurons, in order to accomplish the task of 
executing a grasp and consequently observing it. 

KCL explored the hypothesis of observational learning as the transfer of actions on 
affordances and the perception of previously unlearned affordances. The model developed makes use 
of these principles and a structure based roughly on our understanding of action generation in the 
brain to allow it to be used flexibly. The model was applied to two CNRS paradigms involving 
grasping a ball from an unstable stand, and removing an item from a transparent tube by use of a 
stick, both of which show evidence for observational learning under certain circumstances. For both 
paradigms, the model can produce results close to those of the experimental work, showing the 
operation of both observational and trial-and-error learning. Secondly, KCL extended the model for 
the purposes of solving the more complex task presented to children with autistic spectrum disorder 
(to address the other work being performed by the CNRS group). The more detailed model is 
designed to provide a general framework for observational learning and to be able to relate the 
psychology/development work of CNRS to the brain imaging/cell recording of other groups. Early 
results from the model applied to the complex box task (in which several components of the box 
must be opened sequentially) show observational learning of specific components occurring, and 
demonstrate modulation of learning by motor intention, an interesting and novel result. 
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Workpackage list 
 

Work-
package 

No 

Workpackage title Lead 
contractor

No 

Person-
months 

Start 
month 

End 
month 

Deli-
verable 

No 
1 Project Management 1 16 0 36 1 
2 Brain Mechanisms 1&3 81 0 36 5 
3 Developmental Aspects 4 31 0 36 3 
4 Computational Models 2 70 0 28 3 
5 Embodied Cognitive Agents 1 46 11 33 1 
6 Assessment 1 51 19 36 2 
 TOTAL  295   15 

 
 
 

2nd Year Workpackage Progress Report 
 
 

WP1: Project management (FORTH/IACM, Responsible Helen Savaki) 
 

The main objectives of WP1 were, to monitor the overall performance of the project and to 
establish efficient communication, to administer project resources and monitor project spending, to 
promote project visibility and provide knowledge management in general. 
 

The progress during the second year was that: 
(i) Appropriate administrative, financial, technical and knowledge management was provided to the 
consortium, same way as during the first year. 
(ii) The system of communications established in the first year by FORTH/ICS (Project Web site 
“D1.1”) was updated. 
(iii) Five (all together) consortium project-meetings have taken place till now (kick off meeting in 
Crete, Paris meeting in June 2006, Bologna meeting in November 2006, Bologna meeting in March 
2007, Crete meeting in September 2007). The last one was taken place after the 1st review meeting, 
and allowed for a common technical direction within the project, the designing of further 
experiments, the synchronization of work, the collaborations between and among partners and the 
assessment of WPs. 
(iv) The 2nd year’s report on project activities was generated. 
 

 
 
 

WP2: Brain mechanisms (responsible FORTH/IACM, Responsible Helen Savaki 
and UNIBO, Responsible Claudio Galletti)  

 
The main objectives of WP2 for the 2nd year were: 

(i) By means of the quantitative 14C-deoxyglucose technique, FORTH/IACM promised to unravel the 
pattern of cortical activations induced by grasping observation and to compare it with the pattern of 
cortical activations induced by grasping execution, and 
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(ii) By means of (a) recording the activity of V6A neurons and (b) injecting tracers locally, UNIBO 
promised to explore (a) the motor responses of V6A neurons and the modulation of their activity by 
the availability of visual information for action guidance and (b) the V6A cortical connections, which 
will eventually clarify the projections within the activated cortical circuits of grasping execution and 
grasping observation. 
 

During the first year, FORTH/IACM completed the experiments and analyzed the primary 
motor, primary somatosensory, and ventral premotor cortices of the monkey brain to unravel the 
areas activated by visually guided reaching-to-point and reaching-to-grasp. These results were 
reported under the deliverable D2.1. In summary, we demonstrated that the primary MI and SI 
cortices are somatotopically activated by forelimb movements (arm-reaching and/or hand-grasping). 
The cortical regions of the MI-forelimb and S1-forelimb representations which are activated by 
reaching-to-grasp movements are spatially more extensive than those activated by reaching-to-point 
movements. Furthermore, the regions within ventral premotor cortical area F4 on the frontal 
convexity and area F5-convexity and F5-bank (in the posterior bank of the arcuate sulcus) which are 
activated by reaching-to-grasp movements extend more ventrally and display higher LCGU values 
than those activated by reaching-to-point movements. The analysis of other parieto-frontal cortical 
regions is in progress. 

During the second year, FORTH/IACM performed the grasping-observation experiments. 
Monkeys were trained to observe the experimenter grasping 3D geometrical solids of small size. The 
metabolic changes specifically related to grasping-observation have been determined by comparing 
the effects induced in these monkeys with those in the arm-motion controls. The cortical areas 
activated during both execution and observation have been determined by comparing the net effects 
of execution with the net effects of observation. So far we have analyzed the activity pattern in the 
agranular frontal cortex (dorsal, ventral and medial premotor areas), as well as, in the cortex of the 
lateral and medial parietal convexity, the intraparietal and the parieto-occipital sulci. 

Execution of grasping induced activations in the lateral frontal areas F2-forelimb region, F5-
bank, F5-convexity, the proximal forelimb representation of F1-convexity; in the medial frontal areas 
F3/SMA-proper, F6/pre-SMA, CMAd, CMAv, CMAr, 8m, 9m, 24, 23, SSA; in the superior parietal 
areas SI-forelimb/convexity, PE, PEc; in the intraparietal areas PEip, MIP, 5IPp, VIP, AIP, LIP-
dorsal; in the inferior parietal areas PF, PFG, PG; in the parietoccipital areas V6, V6A-dorsal; in the 
medial parietal areas PGm/7m and retrosplenial cortex in addition to the forelimb representations in 
the SI and the MI/F1 of the central sulcus. 

Observation of grasping induced activations in lateral frontal areas such F7, F2-forelimb, F5-
bank, F5-convexity; in the medial frontal areas F6/pre-SMA, 9m, 8m, 24, SSA; in the superior 
parietal areas SI-forelimb/convexity, PE-lateral, PEc; in the intraparietal areas PEip, MIP, VIP, AIP; 
in the inferior parietal area PF; in the parietoccipital area V6; in the medial parietal areas PGm/7m, 
31 and retrosplenial cortex, in addition to the forelimb representations in the SI and the MI/F1 of the 
central sulcus. 

It is evident that the frontal and parietal networks activated for action execution and action 
observation overlap extensively. This extensive overlap supports the notion that mental simulation of 
action may underlie the perception of others’ actions. The common activations were stronger for 
execution than for observation, and the side-to-side differences were smaller for observation than for 
execution. The differences in intensity and lateralization of effects between the executive and the 
perceptual networks, along with the activations that are exclusive either to execution or to 
observation may contribute to the attribution of action to the correct agent. 

For detailed description of the IACM results, mentioned above, see D2.3 deliverable in 
deliverables section below. 
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During the first year, UNIBO recorded single neuron activity from V6A neurons of one 
monkey to explore their involvement in the control of reaching and grasping movements. We had 
also injected neuronal tracers in area V6A of two macaque monkeys. 

Neurophysiological studies: The electrophysiological study of the second year of 
MATHESIS involved 2 monkeys. We examined the involvement of V6A neurons in reaching and 
grasping movements, by single cell recording experiments. The monkeys were trained to perform 
reaching-to-point and reaching-to-grasp tasks in darkness. Of the 100 cells recorded, about 75% 
showed different activations in the 2 tasks (point versus grasp). The majority of them (about 60%) 
showed higher activity during reach-to-grasp than during reach-to-point. Of the 34 cells tested for 
direction specificity, about 40% were able to code both reaching and grasping components. In 
reaching and grasping of objects differently oriented, wrist orientation affected 45% of the neuronal 
population during planning, 48% during reaching and grasping execution, 44% during hand holding 
and 40% during return movements. These data show that area V6A is involved in all aspects of 
reaching and grasping: preparation, transport of the arm toward the target, wrist orientation, grip 
formation and target holding. 
The effect of visual and somatosensory guidance of movement on neuronal activity in area V6A was 
also studied. Recordings from 225 neurons of area V6A of 2 monkeys established that visual 
information affects the neuronal discharge. The availability of visual information evoked higher 
discharge of several neurons during most of the phases of the forelimb movement. For other cells, 
visual information for movement guidance changed the pattern of discharge drastically instead of 
simply being added to the somatosensory input and/or to the corollary discharge. 

Neuroanatomical studies: During the second year of MATHESIS, we injected neuronal 
tracers in area V6A of two additional monkeys. These injections covered the entire extent of area 
V6Ad which was found to be connected with the superior parietal lobule, the intraparietal cortex, the 
inferior parietal lobule, the mesial cortex of the hemisphere, and the frontal cortex. Specifically, 
areas displaying strong connection with V6Ad were the following: PEc, MIP, PG, PGm, and F2. 
Interestingly, all these areas, including V6Ad, are known to contain visual-, somatosensory-, as well 
as reaching/grasping-related neurons, and are thought to be involved in the control of forelimb 
movements. In addition, V6Ad was found to be connected with oculomotor areas such as LIP, OPT, 
area 23, and FEF. We suggest that V6Ad controls eye movement-related and attentional signals 
associated with forelimb movements towards objects in the extrapersonal space. Preliminary data 
have been presented in abstract form (Passarelli et al., 2007, IBRO; Passarelli et al., 2007, Vision 
Down Under) and a manuscript is ready to be submitted for peer review (Gamberini et al., to be 
submitted). 

Collaborations: The UNIBO group in collaboration with FORTH/ICS group has extracted 
working principles that could improve the efficiency of the current robotic systems in terms of 
reaching and grasping, after carefully considering the knowledge derived from neurophysiological 
data of area V6A, which plays a major role in the execution of complex visuomotor tasks in 
mammals and particularly in macaques. Also, UNIBO in collaboration with CNRS studied the ability 
of macaque monkeys to learn motor skills by observation. 

For detailed description of the UNIBO results, mentioned above, see D2.2 deliverable in 
deliverables section below. 

 
 
 

WP3: Typical and psychopathological pathways toward observational learning 
(CNRS, Responsible Jacqueline Nadel) 

 
Within the primary objective of exploring the developmental path which endows healthy infants 
and autistic children with the ability to learn from observing another person performing an act, 
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the specific objective set by CNRS for the 2 first years in WP3 was to start revealing the typical 
and psychopathological pathways toward observational learning. 
 
The main objectives of WP3 for these 2 years were as follows: 
1. Design tasks adapted to infants of different ages and to children with ASD of different 

developmental levels, and elaborate tools to compare healthy infants (8 to 18 months) and 
older children with ASD (3 to 8 years) 

2. Plan and schedule the experiments 
3. Find relevant populations  
4. Collect data and produce results  
5. Start writing papers including a review of research in the field plus first results 

In addition to these objectives, we have recently added two novel ones: 
 
6. start a collaborative work with the UNIBO group (Claudio Galetti and Patrizia Fattori) to 

compare the performance of infants, autistic children and macaque monkeys in the same 
behavioural tasks. 

7. start a collaborative work with the KCL group (John Taylor and Matthew Hartley) in order 
to obtain a model of brain correlates of developmental observational learning . 

 
The three main objectives were fulfilled during the first year and widely described in previous 
reports. We will thus report about the four next objectives: collect and treat data, prepare papers and 
fulfil the more recent objectives.  
 

INFANTS 
Methods and Results 
This section is part of a paper draft to be submitted within the next few weeks. 
Participants 
Eighty four infants participated in this study. There were 18 8-month-olds, 17 10-month-olds, 
18 12-month-olds, and 14 18-month-olds. Infants were recruited from the city of Paris birth 
records. Parents were contacted by a letter and they called to participate on a voluntary basis. 
Data from additional 10 infants were not included in the analyses due to fussiness (N=3) or 
technical problems during the recording (N=7). 
Procedure 
Infants were tested in a quiet room in presence of their parents (mother, father or both) who 
were instructed not to intervene with their child during the whole experiment, if possible. Each 
infant sat on a high chair in front of a table, in front of which sat the experimenter. The 
experimenter presented the objects to the infants on the table and performed the demonstration 
out of their reach. A digital video camera directed at the infant recorded the whole experiment. 
A frame by frame analysis was then done on all recordings. 
Stimuli 
Dealing with an object requires organizing the gesture to grasp it as a function of its physical 
characteristics (hand orientation, shape, opening, deceleration at the end of reaching). Grasping 
can be made more complex when, to the adaptation to the object's physical characteristics, one 
adds another problem to be solved (object presented behind a barrier, inserted in another 
object, for instance). In order to test these two levels of grasping, we designed two kind of 
tasks: (1) A grasping task, common to all age groups, consisting in grasping a small plastic ball 
placed on a base. This task requires from the subject to prepare his hand (shape hand 
orientation) while reaching in order to catch the ball off its base. The ball diameter was 
constant for all age groups (4cm) but we varied the diameter of the base (the older the 
subjects, the thinner the base), so that the relative task difficulty remains constant across age 
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groups. We designed for the 8, 10 and 12 month-olds a double base. The size of the first one 
was constant (6 cm) and the second one varied according to the age : 2cm at 8 month, 1cm at 
10 month and 0.8cm at 12 month at 15 and 18 month-old, we had a simple base of 0.8cm of 
diameter. The interest of this set-up was that, although the object was visible, its instability was 
not, so that if deceleration was not sufficient and/or hand preparation before touching was not 
perfect, failure was guaranteed. (2) A retrieving task, specific for each age group consisting in 
grasping an object presented in such a way that its grasping was not obvious but required 
solving an additional problem, such as reaching for an object behind a transparent barrier, for 
instance. The tasks were different for each age group, so that each was just slightly difficult for 
the targeted age, and for the infant to be spontaneously successful. The tasks have been chosen 
on the basis of previous observations made in our laboratory or read in the literature. 
The specific task for the 8 month-olds consisted in detour reaching in order to get a toy behind 
a transparent barrier. The object was a rectangular transparent plastic box (8.2 x 5.5 cm, 12.6 
cm high), with only the two lateral sides open. A small toy was placed right behind the front 
wall of the box. The subject had to resist the tendency to grasp the seen object straight ahead, 
and make a detour. For the 10 month-olds the task consisted in getting a tube out of its 
container. The object was a wooden container (2.4 x 2.5 cm, 9.2 cm high) inside which is 
inserted a plastic tube with a bright blue cap, protruding from the container by 2.5 cm. For the 
12-month-olds the task consisted in opening a box in order to retrieve the toy inside the box. 
The object was a 9 x 12 cm, 4 cm high semi transparent plastic box with a lid hinged to the 
box, and with a small toy visible inside. Infants had to raise the lid with one hand while 
grasping the object with the other hand. The 15 month-olds had to turn upside down a small 
bottle to get a peg out of a bottle. The object was a 8 cm long bottle with an opening of 
1cm1/2, the peg was a small wooden object of 1.8cm long and 0.8cm large. Finally, the 18 
month-olds' task involved tool use. The object was a 5.5 x 7.2 cm, 8.5 cm high transparent 
plastic box, with a half covered lid (using a piece of tape), and a small toy inside the box. The 
tape prevented from grasping the toy with the hand. A wooden stick of 14 cm long and 2 cm in 
its largest side was placed to the side of the box, and the task consisted in using the stick as a 
tool to grab the toy. Thus, the interest of these five tasks was that they required the 
understanding of a different relationship between the object to be grasped and its environment, 
for which a developmental gradient has been demonstrated: behind (8 months), inside without 
need for opening (10 month), inside after opening a lid (12 months), inside after turning 
upside-down (15 months), inside with the need of a tool (18 months). The actions to be used 
for successful retrieval changed from making a detour (at 8 months) to using bimanual 
simultaneous movements with only one hand active (at 10 months), performing a two-steps 
action with both hands (at 12 months), changing the orientation of the container (at 15 months), 
and finally performing a two-steps action with a tool (at 18 months). 
Procedure 
For each age two groups of infants were compared: (1) an observation group: for this group the 
experimenter directly demonstrated the action to be executed, three times in a row (left – right 
– left hand) out of reach from the infant. Then a two minutes delay was introduced 
systematically, during which the infant was given distractors (toys) to play with (about 3 to 4). 
After the 2 minutes delay, the infant was presented with the object for a second time for 30 
seconds; and (2) a self-exploratory group where the infant was given the object before the 
demonstration (three spontaneous trials for the simple grasping task and 30 seconds of 
spontaneous manipulation for specific task). In the observation group, there were eight 8-
month-olds (one boy and seven girls), nine 10-month-olds (five boys and four girls), eight 12-
month-olds (five boys and three girls), nine 15-month-olds (three boys and six girls), and seven 
18-month-olds (five boys and two girls). In the self-exploratory group, there were eight 8-
month-olds (six boys and three girls), nine 10-month-olds (seven boys and two girls), nine 12-
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month-olds (five boys and four girls), nine 15-month-olds (seven boys and two girls), and 
seven 18-month-olds (three boys and four girls). 
The comparison between the self-exploratory group and the observation group allowed us to 
evaluate the effect of practice and the effect of observation on the building of motor repertoire 
as a function of task (adaptation to the object’s physical characteristics for grasping vs. 
problem solving for retrieving) and age. 
Data scoring  
For the grasping task the dependent measures were the outcome (failure or success), qualitative 
hand preparation (strategy and hand orientation as well as preferred hand used to grasp the 
ball), reaction time, and time between touching and grasping or tentative grasping. For the age-
specific tasks, the dependent measures were the outcome (success and failure) and the time 
course of the spontaneous successes within the 30 seconds allowed in the self-exploratory 
group. 
Outcome  
The trial was coded as a "no try" when the infant was interested in something else than the 
target object (including the base itself for the ball); failure when the infant tried to grasp the 
ball or to retrieve the object but failed; success when the infant succeeded in grasping the ball 
or retrieving the object.  
Qualitative assessment for hand preparation to grasping (strategies for ball only)  
We analysed hand shape in the frame when infants first touched the ball (T) (either the arm 
stops moving or the object starts moving), and two frames before (T-2 and T-1). We noted 
where was the hand relative to the ball (in front, on top, besides); what was the orientation of 
the hand on the frontal plane for in front and on top (horizontal, vertical or oblique) and on the 
saggital plane for besides (horizontal, vertical or oblique). Several strategies were noted to 
grasp or try to grasp the ball depending on these two criteria (front horizontal, front oblique, 
etc.). We also noted which hand grasped (or tried to grasp) the ball. 
Results  
A. Choice of tasks for the different age groups 
Since the tasks have been devised to be equivalent across age groups, we first ensured that the 
rate of success did not differ significantly across age groups. This was made by comparing the 
self-exploratory group frequency of success at the first trial as a function of age, for the ball 
grasping task and for the trial before demonstration at the retrieval tasks.  
For the ball grasping task, one can see on Table 1 that the 8-mo-olds have a lower percentage 
of success than the other age groups at the 1st trial. However, a chi2 analysis showed that the 
difference was not significant. For the retrieval tasks, there was a low percentage of success 
also at eight months of age, and no success at eighteen months. A chi2 analysis showed that the 
age-related difference was not significant. It appears then that our comparison of the effect of 
practice versus observation on learning can be made across ages. 
 
Table 1: Spontaneous success (self-exploratory group) as a function of age, for the grasping 
and the retrieval tasks 

Age group 8-mo 10-mo 12-mo 15-mo 18-mo 

Grasping 
the ball 12.5 44.4 44.4 57.1 50 

Retrieving 
the object 11.11 37.5 50 44.4 0 
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B. Learning through practice 
Grasping task 
We compared the frequency of success across the three trials in the self-exploratory group. One 
can see on Figure 2 that, except for the 8-month-olds, there was no increase in frequency of 
success between the first trial and the following trials. The 8-month-olds, however, succeeded 
significantly more often at the second than at the first trial, and the difference between their 
score of success (0 or 1) at the two trials was significant (t(7)= -2.6; p<.05). It is difficult to 
explain the lesser frequency of success of the 15-month-olds at the second trial. It might be due 
to the restlessness frequently reported for this age group. A MANOVA calculated on the score 
of success for age (independent measure) and trial (repeated measure), indicated no significant 
effect for age or for trial, and no age x trial significant interaction. 
The qualitative assessment of hand preparation helps understand the 8-month-old results. At 
the first trial, 37.5% of the 8-month-olds tried to grasp the ball by approaching it from the front 
(see Figure 1).  
 

 
 
Figure 1: Strategies for grasping the ball: in front (left image), on top (right image) 
 
 
This resulted most of the time in pushing it off its base before being properly secured. A 
Banner test showed that the failure was significantly related to this strategy (0% success when 
approaching from in front vs. 100% success when approaching from above or beside at 8 
months). At the second trial, only 20% of the 8-month-olds used this strategy, and the infants 
who succeeded at the second trial after failing at the first changed their approach of the ball 
(see Table 2). This strategy tended to disappear with age, being still observed in 22.2% of the 
10-month-olds, but never in the older infants.  
For the retrieval tasks, we compared the first 10 seconds of the 30s trial, with the following10 
seconds and with the last 10 seconds, to see if the infants succeeded after some practice with 
the objects. This analysis of the 30 second exploration showed that the infants did not succeed 
better after 10 or 20 seconds practice. When they succeeded, they did it as soon as they receive 
the object. On a total of 12 successes, two were obtained during the first 10 seconds, seven 
were obtained during the following 10 seconds, and three were obtained during the last 10 
seconds. The percentage did not differ between age groups. 
 
Table 2: Relationships between strategy for approaching the ball and outcome at 8 months (%) 

 1st trial 2nd trial 3rd trial 
 In front Else In front Else In front Else 
Failure 43 57 0 100 25 75 
Success 0 100 20 80 25 75 
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C. Learning by observation 
To evaluate the influence of observation we analysed first the difference in frequency of 
success between the first trial of the self-exploratory group and the trial of the observation 
group. Secondly, we also looked for a possible change in success between the third trial of the 
self-exploratory group (before observation) and their test trial (after observation). 
 
Ball grasping task 
The comparison between self-exploratory and observation groups, all age considered, showed 
that the percentage of success was higher in the observation group (63.4%) than in the 1st trial 
of the self-exploratory group (41%). A chi2 analysis showed that the difference was significant 
(x2 (1) = 4; p <.05). However, an analysis on each age group separately showed that the group 
effect was due to the 8-month-olds (x2 (1) = 6.3; p <.02). The 8-month-olds from the 
observation group succeeded better than the 8-month-olds from the self-exploratory group at 
the 1st trial (see Figure 3). When the 8-month-old observation group was compared to the 3rd 
trial of the 8-month-old self-exploratory group, the difference was no longer significant. 
 
To compare between the 3rd trial of the self-exploratory group and their test trial, we performed 
an age x trial MANOVA on the success rate. There was a tendency for more success after 
demonstration at 8, 15, and 18 months of age, but a MANOVA on the success score showed no 
age effect, no trial effect and no interaction (see Table 3). 
 
Table 3: Frequency of success (%) before and after demonstration (self-exploratory group) as 
a function of age, for the ball grasping task 

Age group 8-mo 10-mo 12-mo 15-mo 18-mo 

Before 
demonstration 
(3rd trial) 

50 44.4 44.4 57.1 50 

After 
demonstration 
(test trial) 

62.5 44.4 44.4 71.4 100 

 
 
 

Figure 2: Success on the ball grasping task as a function of age and practice 
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Retrieval tasks 
The comparison between self-exploratory and observation groups, all age considered, showed 
that the percentage of success was higher in the observation group (53.6%) than in the self-
exploratory group (28.6%) (with tool use for the 18-month-olds). A chi2 analysis showed that 
the difference was significant (x2 (1) = 5.4; p <.05). An analysis on each group separately 
showed that the effect was due to the 18-month-olds, the only group for which the difference is 
significant (x2 (1) = 14; p <.001). All 18-month-olds from the observation group succeeded, as 
compared to none of the infants from the self-exploratory group (see Figure 4).  
To compare between the trial before demonstration of the self-exploration group and their test 
trial, we performed an age x trial (repeated measures) MANOVA on the success rate. This 
showed no age effect, but a significant effect for trial effect (F(1,37) = 19.6; p<.0001), and a 
significant age x trial interaction (F(4,37) = 8.2; p<.0001; see Table 4). A post-hoc LSD test 
showed that the difference in success between before observation and the test trial following 
observation was significant only at 15 (p<.05) and 18 months (p<.0000). 
 
Table 4: Frequency of success (%) before and after demonstration (self-exploratory group) as 
a function of age, for the retrieval tasks 
 

Age group 8-mo 10mo 12mo 15mo 18mo 

Before 
demonstration  11.11 33.3 50 44.4 0 

After 
demonstration 11.11 55.6 44.4 77.8 100 

 
Discussion 
Devising tasks representing the same level of difficulty for infants of a different age was not easy. 
For the ball grasping task, we changed the basis on which rested the ball, the older the infant the 
smaller the basis, so that the instability of the same ball increased. For the retrieval tasks, we 
changed the object-environment relationship (behind, inside, etc.) so that the retrieval becomes 
increasingly difficult (involving detour, bimanual, two-steps, etc.). There was some variation in the 
frequency of success at the first spontaneous trial for the different age groups. However, we 
succeeded in devising tasks which were never spontaneously succeeded by more than 50% of the 
infants, for each age group, and for which the age effect on the rate of success was never significant 
when all age groups were compared.     
Learning through practice was observed mainly for the ball grasping task, and only for the 8-month-
olds. These infants corrected their strategy for approaching the object after their failure at the first 
trial.  

Learning by observation showed different results for the ball grasping task and for the 
retrieval tasks. For the ball grasping task, intergroup comparison showed that learning through 
observation was efficient for the 8-month-olds only. This was so because the first trial at that age 
lead to many failures. Thus, the observation appears to be as efficient as self-exploration to induce 
an adapted strategy for approaching the ball. By the time the 8-month-olds reach their third trial, 
they had corrected their strategy, so that the demonstration following this trial does induce a better 
outcome in the intragroup comparison.  
For the retrieval tasks, intergroup comparison showed that observation was globally efficient (only 
the 12-month-olds showed no tendency to be better after demonstration). However, only the 18-
months infants were significantly better if they had a demonstration before the trial. Intragroup 
comparison give about the same results. All infants tended to be better after demonstration than 



 17

before, except the 12-month-olds, but only the 15-months and the 18-months were significantly 
better after demonstration. It is intriguing that the effect of observation is significant at 15 mo for the 
intra-group comparison (before and after observing), but not for the inter-group comparison (the 
infants from the Observation group are not significantly better than the infant from the self-
exploratory group before demonstration). This might be due to the variability between the two 
groups. It could also signify that, at this age, observation is more efficient once the infant had 
manipulated the object first. 
  
On the common tasks, intra-group analyses indicate an increase in success between the first and the 
second trials, thus indicating that infant learn very quickly through practice, even at eight months of 
age. Inter-group comparison demonstrates a higher rate of success for the experimental group (after 
demonstration) than for the control groups.  
 
On the specific tasks, there was very few spontaneous success, and there was no change in behaviour 
within the 30 second practice in the group control 1. Intra-group and inter-group comparisons 
showed an effect of observation: infants succeeded more in manipulating the object after 
demonstration by an adult than before, but this effect appears only in the two oldest age groups (15- 
and 18-month olds) (see Figure 3).  
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Figure 3: Inter-group comparison for the specific objects 

 
These results show that observational learning depends on task characteristics. For simple reaching 
and grasping, learning seems to be efficient both through practice and by observation for all age 
groups. In contrast, when complex manipulation is involved, we find age differences: before 15 
month of age the rate of success neither increases with practice, nor with observation but starting 15 
month of age infants benefit from observation. 
 
Planned program 
For the comparison between ASD children and infants of similar developmental age, we are 
currently conducting a parallel study with a small box designed by Nadel group to fit the size of hand 
of 18 months. 
 
Additional Program 
Using he same tools and design that we used with our young infants, we have conducted a study 
with three macaques, in collaboration with the UNIBO group. 
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CHILDREN WITH ASD 
 
Four experimental groups of two developmental ages were defined in order to test 1) the effect of  
observing only, 2) the effect of being trained via imitation of relevant actions, 3) the effect of being 
trained via observation of relevant action, 4) the effect of being trained via an imitative interaction 
between subject and experimenter. 
 

Table 2- Experimental planning and milestones of the work-programme for Autism 
 

 Experimental 
Group IT 

 Experimental 
Group VT 

Experimental 
Group CT 

Experimental 
GroupWT 

D1 1- object Presentation  
2- Demonstration  
3- play session 

1- Object Presentation 
 2- Demonstration  
3- play session 

1- Object Presentation  
2- Demonstration  
3- play session 

1- Object Presentation 
2- Demonstration  
3- play session 

D2 Test 1 after 24h Test 1 after 24h Test 1 after 24h Test 1 after 24h 

D2 
D3 
D4 
D5 

Training via Imitation 
of a TV demo of 
relevant simple 
actions 

Training via 
observation of a TV 
demo of relevant 
simple actions 

Training via a 
communicative use of 
imitation with E 

No training  

D8 Test 1b after 1 week 
 If failed           Demo 

Test 1b after 1 week 
 if failed           Demo 

Test 1b after 1 week 
 if failed           Demo 

Test 1b after 1 week 
 if failed           Demo 

D9 Test 2 
 a week later: retest 
(end) 

Test 2 
 a week later: retest 
(end) 

Test 2 
 a week later, retest 
(end) 

Test 2 
(end) 

Start April 2007 Feb. 2007 Oct. 2007 February 2007 M
ileston

e 10 children with ASD   
(June  2007) 
10 children with ASD 
(October  20087 

10 children Dec.07  
10 children march 08 

10 children Dec.07  
10 children April 08 

10 children April 07 
10 children June 07 

 
NB.  In yellow, work completed, in blue work partly done  

Given the prevalence of low-functioning autism (i.e. 5/10000), 4 centres for ASD are part of the 
experimental schedule, so as to get a total of 80 children (20 in each experimental condition from 2 
developmental levels). The inclusion criteria are: diagnosis of ASD, no additional motor or visual 
impairment and developmental age ranged from 16 to 36 months. 
 
Addition to work-program 
 
To this program, we have added for comparison purpose a group of 10 typical children aged 24 to 29  
months and 2 children aged 16 to 36 months so as to get a good picture of when young children start 
being able to fulfil the opening task via observational learning. We have then collected data 
concerning 49 children all seen at least 4 times, 17 of them seen 7 times (when a training was 
included). Finally, we are starting a comparison with macaques’ capacities of observational learning. 
Procedure 
All children were presented the red box in a quiet room of their school, facing an acquainted 
experimenter. As far as possible they were sitting at a table. They were filmed during all sessions: 
first session when the box is presented without previous knowledge; observation session where a 
video demonstration of the opening is proposed to the child; session of box presentation 24 hours 
later and then 1 week later, second session of video-demonstration and box presentation again 24 
hours later. 
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Coding 
With the software of video-analysis ELAN adapted by Grynspan for our MATHESIS program, we 
use two types of coding: a coding of the steps leading to fulfil the different actions needed to 
complete the task of opening the box, and a coding of relevant manipulations of the box and tool. 
The second coding includes the steps of actions but also deal with coherent manipulations of the box 
leading to find the cover, or the locker, or the place where to unscrew, etc. 
 
Partcipants 
So far, 37 children with ASD responding to the inclusion criteria have been tested: the two subgroups 
(low and medium level) of the group without training (WT), the lower subgroup of Group with 
Imitation Training (IT) (Developmental Age and Chronological Age matched with the lower 10 
children of group WT, and 7 children of the lower subgroup for Communication Training (CT).  
 
Results 
 
1- Groups without training 
Overall, the 20 children that received the simple or the medium level of observational learning task 
showed different improvement according to the dependent variable. Seventy five (75%) of the 
children in the experimental group without training improved their scores of relevant manipulations 
of the box and tool (procedural actions), while 36% only improved their scores of sequential steps for 
opening the box.  
 
1.1. Lower group with simple level of task opening 
 
The step scoring showed an improvement from spontaneous performance to Test 2, 24 hours after 
second video-demonstration [p<.04). For procedural scoring, there was an improvement from 
spontaneous to one week after first demonstration, and to after second demo. Overall, this 
demonstrates that the learning via observation is a slow process (see figures 1b and 2b). 
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Figure 2 
 
1.2. Typical children with simple level of task opening 
 
We have added a group of 10 typical children that received the program of observational learning 
targeted to the simple opening level without training. Children had a mean chronological age of 24 
months.  Like ASD children, they received two scores: a procedural score quoting their procedural 
exploration of the box and a step score quoting the sequential actions performed in order to open the 
box. 
Typical infants matched with low ASD started with very low performance in steps as well as in 
relevant procedural actions. They improved significantly one week after the first video 
demonstration.  Then the increase reached significance between test after first demo and after second 
demo.  
To summarize, the two groups show no evidence of a direct benefit of demo but one week after, 
before or after demo 2, both groups progressed 
 
These results encourage considering that low-functioning children with ASD are able to learn and 
maintain their knowledge via observation in optimal conditions. It remains that these results concern 
the procedural actions toward the object rather than the sequential steps leading to achieve a goal. 
Another limitation concerns the absence of an obvious effect of the second demonstration and a 
repetition of the same procedure in the two tests after demo 1. These findings are of obvious interest 
not only for further understanding of specific learning disabilities in ASD children, but also for a 
general knowledge concerning the role of action recall in observational learning. 
 
A paper is in progress reporting these first results. 
 
2. Group with imitative training 
Ten children with ASD of the lower GIT group were presented the same task than the group without 
training; In addition, they received each day after the first demonstration a training consisting in a 
session of video presentation and then re-enactment of the 4 actions involved in the simple task 
opening. The 10 ASD children with imitation training did not perform any better in the box opening 
task after imitation training, although some of them improved during the imitation training. We will 
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compare their results with those of another group of low functioning children receiving no imitation 
session. 
 
3. Group with communicative imitation  
Seven out of the 10 children of the lower GICT were presented the same task with the group without 
training; In addition, they received each day after the first demonstration a training consisting in a 10 
minutes session of communication via imitation. Collection of data for 3 other low functioning 
children will start in February, and for the 10-higher group is planed to start in February in Bordeaux. 
 

Future work: corrective actions and projects 
 

There have been no deviations from the project work-programme but some corrective actions were 
undertaken for the following reasons. 

 
Problems encountered 
The group of 10 ASD children with imitation training did not perform any better in the box opening 
task after imitation training, although some of them improved during the imitation training, As each 
action to be imitated was similar to an action involved in the box opening but the object to which the 
action was applied differed (for example unscrew a bottle vs. unscrew a screw), it appeared to us that 
there was a problem of transfer of action from a task to another as if the scheme of movement was 
not seen as independent from the action fulfilled. We decided to adopt another imitation training 
where the actions to be imitated involved strictly the same object with that in the box opening. We 
thus changed the video procedure the same way. This accounts for the fact that the group VT will 
start only in February instead of October Of course we will use the information obtained with the 
GIT1 group and will compare the results of GIT1 and GIT2.   
A second minor problem concerns the first group with Communication Training: we were not able to 
find in the ASD school involved more than 7 children meeting our inclusion criteria. We will have 
thus to test 3 children in another school.  
Thirdly, a main concern is linked to the important variety of performance showed by the children 
with ASD for a given range of developmental age. This is not a problem specific to our research but 
in general it is very difficult to present a task adapted to the child capabilities, if we adopt 
developmental age as a criterion. Some children may benefit from an easier task, a two-steps one for 
instance, which corresponds to what the 12-15 months are able to learn, others (although evaluated 
being at the same level) will deal easily with the 4-steps. Our distinction between two developmental 
groups may thus be difficult to be verified. 
 
Future 
Our work is now oriented in four directions: 
 
1/ Complete the infant and ASD studies. 
2/ Compare our typically-developing infants to children with autism matched on developmental age 
on two tasks: the common task (“hole” task) and the Box task designed for children with ASD, 
which will be adapted in size for the eighteen-month-old typically developing infants. 
3/ Continue the collaboration started with the UNIBO partner (Claudio Galleti and Patrizia Fattori) in 
Bologna. 
4/ Strengthen the collaboration with the KCL partner (John Taylor and Matthew Hartley) in London. 
5/ Write individual and collaborative papers, disseminate knowledge in international conferences and 
workshops. 
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MACAQUE MONKEYS AND INFANTS COMPARISON 

 
UNIBO AND CNRS COLLABORATIVE PROJECT 

Learning through practice versus learning by observation as a function of task level: 
Comparison between Human Infants and Macaques 

 
Learning new skills is a fundamental part of development. One way to learn a new skill is through 
trial and error, with the use of visual and proprioceptive feedback from the preceding trial to correct 
the errors during the new attempt. Another way, which may be less costly, is by observation of other 
more skilful individuals. In social species, learning by observation may be an important mechanism. 
We have observed an age-related increase in human infants' capacity to take advantage of 
observation of an adult to learn a skill, slightly difficult for him to succeed spontaneously (Fagard et 
al., in preparation.). The question raised in the study presented here was to investigate to what extent 
the macaque could benefit from observation of a human demonstrating the action, as compared with 
infants. To be able to compare the effect of observational learning between monkeys and infants on 
the same task, we first needed to evaluate the developmental level of manual skill of a young 
macaque compared with infants. 
Studies on human adults have shown that motor training as well as mental training improve 
performance of motor skill tasks. It has been demonstrated (Nyberg et al., Neuropsychologia: 44, 5, 
711-717, 2006) that distinct neural pathways are involved in the two conditions. The motor-
simulation theory proposes that perceiving actions involve internal simulation of the movement to be 
produced (Jeannerod, Neuroimage: 14, 1, S103-109, 2001). This internal simulation involves not 
only action programming but also the generation of a copy of the movement to be reproduced. It is 
also proposed that when the action has to be learned, the intention to produce the task enhances 
observation (Badets et al., Q J Exp Psychol: 59, 377-386, 2006). Different neuronal structures are 
involved with and without intention to reproduce the observed behaviour (Decety et al., Brain: 120, 
10, 1763-77, 1997). 
The interest in the question of monkey's capacity to learn through observation was renewed by the 
discovery of mirror neurones in the macaque precentral cortex, more than 10 years ago. It has been 
shown that the macaque ventral premotor neurons fire both during execution and during observation 
of a goal-directed action (Gallese et al., Brain: 119, 2, 593-609, 1996). Recently the role of the 
Mirror Neuron System (MNS, see Rizzolatti et al., Nat Rev Neurosci: 2, 9, 661-670, 2001) in 
imitation has been emphasized. Monkeys have so far been considered as poor imitators (Fragaszy 
and Visalberghi, Learn Behav.: 32, 1, 24-35, 1989), even though there is evidence of indirect social 
learning (Fragaszy and Visalberghi, J Comp Psychol:  103, 2, 159-170, 2004). Neonatal imitation has 
been observed in rhesus macaques, confined to narrow temporal window (Ferrari, et al., PLoS Biol: 
4, 9, e302, 2006). Adult monkeys are capable of imitation of human motor acts, but only if they are 
capable of joint attention (Kumashiro et al., Int J Psychophysiol: 50, 1-2, 81-99, 2003). In general, 
primates may imitate a motor action already in their repertoire, but are not able to copy specific 
novel acts demonstrated to them. We were interested in evaluating the capacity for observational 
learning in the macaque, not in its capacity for immediate imitation. Observational learning differs 
from imitation in that it applies necessarily a novel act, and that it implies both the capacity for 
imitating after a delay, and long term effects on the repertoire. Thus, in order to study the effect of 
observational learning, one must find tasks slightly difficult for the individual to be spontaneously 
succeeded, and therefore one must know the level of skill. 
Very few studies have compared human and monkeys on the same tasks. From Diamond's study, we 
know that the Object Retrieval Task, in which the individual has to grasp an object behind a 
transparent barrier using a detour reach, is succeeded even by very young infant monkeys, as long as 
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they have intact dorsolateral prefrontal cortex, responsible for the capacity to inhibit a direct reach 
(Diamond, Ann N Y Acad Sci: 608, 637-669, 1990). Most of the studies on monkeys' manual skill 
involved natural ecological actions, such as tool use to retrieve food, or nut-cracking. In order to 
compare human infants and macaques on observational learning, since we didn't know the 
developmental level of the macaques in term of manual skills, we gave the macaques the tasks aimed 
at testing 8- to 18-month-old infants. These tasks required the understanding of a different 
relationship between the object to be grasped and its environment, for which a developmental 
gradient has been demonstrated in human infants (Diamond, Society for Research in Child 
Development Abstracts: 3, 78, 1981; Fagard and Jacquet, Infant Behavior and Development: 12, 229-
236, 1989; Lockman, Child Dev: 71, 1, 137-144, 2000): behind (8 months), inside without need for 
opening (10 month), inside after opening a lid (12 months), inside after turning upside-down (15 
months), inside with the need of a tool (18 months). The actions to be used for successful retrieval 
changed from making a detour (at 8 months) to using bimanual simultaneous movements with only 
one hand active (at 10 months), performing a two-steps action with both hands (at 12 months), 
changing the orientation of the container (at 15 months), and finally performing a two-steps action 
with a tool (at 18 months). 
The macaques were allowed to explore the object, and in case of failure, we did the same 
demonstration as we did with infants, before giving them the object back after the same delay used 
with infants.  

Material and methods 

Participants 
 
Macaques: three young macaques (Macaque Fascicularis), Ciccio, Lucio, and Georgio were tested in 
the laboratory (Dipartimento di Fisiologia Umana e Generale) in Bologna. All three macaques 
received the same protocol described below. 
 

 
Image 1. Sequential steps leading the macaque Georgio to uncover the box 2 minutes after observation of human 
demonstration  (without mouth help)  
 
 

 
 
 
Image 2. Macaque Lucio observing for the  
first time  Georgio opening the box 
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Infants: Forty one 8- to 18-month old infants, divided in five age groups, were compared to the 
macaques. There were nine 8-month-olds (6 boys and 3 girls), nine 10-month-olds (7 boys and 2 
girls), nine 12-month-olds (5 boys and four girls), eight 15-month-olds (six boys and two girls), and 
seven 18-month-olds (3 boys and 4 girls). Infants were recruited from the city of Paris birth record. 
For some reasons, boys' parents seemed more willing to participate to the study than girls' parents, 
but the ratio did not differ significantly across age groups. For the infants, parental consent was 
granted before observing the infants and the experiment was conducted in accordance with the 
ethical standards specified in the 1964 Declaration of Helsinki.  
 
Tasks  
 
There were seven objects, each corresponding to one age group, except for the 15-month-olds and 
the 18-month-olds. We chose to present two objects to the two older groups because we were less 
sure of what could be a "slightly too difficult" task at that age, and we expected older infants to be 
willing to perform more trials than the younger ones. The seven objects were presented to the 
macaques, whereas each human infant was presented with the object (or objects) corresponding to 
his age group. Most objects were identical for macaques and infants (the bow and the rake were 
slightly different): however, for infants the thing to be retrieved was always a toy whereas for the 
macaques it was almost always a piece of food. 
 
1/ Object retrieval-Detour reaching (8-month-old): the object was a rectangular transparent plastic 
box (8.2 x 5.5 cm, 12.6 cm high), with only the two lateral sides open. A toy (infants) or a piece of 
apple (macaques) was placed right behind the front wall of the box. The subject must resist the 
tendency to grasp the seen object straight ahead, and make a detour. 
 
2/ Tube out of the container (10-month-old): the object was a wooden container (2.4 x 2.5 cm, 9.2 
cm high) inside which was inserted a plastic tube with a bright red cap, protruding from the container 
by 2.5 cm. The task consisted in getting the tube out of the container. For the macaque, we added a 
condition with a stick of celery, about the same size and shape as the tube, instead of the tube. 
 
3/ Box (12-month-olds): the object was a box with a transparent lid hinged to it, and with a toy 
(infants) or candy (macaques) visible inside. The box was slightly different for the infants and for the 
macaques: for the infants, it was a small plastic transparent box and the lid had no lock. For the 
macaques the candy was hidden in a 11.9 x 15 cm, 5.7 cm high wooden box with a transparent lid 
hinged to the box, was a small lock that, when latched, prevented from opening the lid simply by 
pushing it up. For the macaques, which all succeeded in the condition with the lock unlatched, we 
added a condition with the lid latched. The task became: unlatch the lock, open the lid and hold it 
with one hand while retrieving the candy with the other one. For the 12-month-olds infants, the task 
was simply to raise the lid with one hand while grasping the object with the other hand. 
 
4/ Rake (15-month-olds): for the infants, a rake (20 cm long, 7 cm on its largest side) was placed in 
the middle of the table, within reach, in front of a plastic block which was placed out of reach behind 
the rake. For the macaques, the rake (20 cm long, 7 cm on its largest side) was placed in the middle 
on a 30 x 20 cm plastic board, within reach, in front of a piece of apple which was placed out of 
reach behind the rake. In order to get the block (or the apple), the rake had to be used as a tool to 
bring the apple within reach. 
 
5/ Peg (15month-olds infants) or raisin (macaques) in a small bottle: the neck of the long bottle was 
too narrow (1cm½) to insert a finger in it, so that the task consisted in turning upside down the bottle 
to retrieve the peg (or the raisin). The bottle itself was 8cm high and 0.8 cm large. 
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6/ Finger in the lid (18-month-olds): the object was a 12.8 x 5.5 cm, 8.5 cm high transparent plastic 
box, with a lid which had a hole (1.9 cm diameter) in the middle, and a piece of apple (macaques) at 
the bottom of the box. The participant must open the lid using the finger of one hand, and grasp the 
apple (macaques) with the other hand. 
 
7/ Tool use (18-month-old): the object was a 5.5 x 7.2 cm, 8.5 cm high transparent plastic box, with a 
half covered lid (using a piece of tape), and a plastic block (infants) or a piece of banana (macaques) 
inside the box. In order to get the "Lego" block, the infants must grab the tool which terminated with 
a piece of scratch, touch the block with the tool: the plastic block, on which had been glued the other 
side of the scratch, could then be retrieved. In order to retrieve the banana, the macaque must grasp 
the fork, strike the banana with the fork, and get it out of the box. A tape covering part of the top 
prevented from grasping the block or the banana with the hand. A wooden tool (infants) or a plastic 
fork (18 cm long, 2.6 cm in its largest side) (macaques) was placed to the side of the box. 
 

Protocol 
 

The protocol was similar for infants and macaques, at least for the first session. The object was 
presented to the participant for 30 sec. If the participant succeeded, that was the end of the trial for 
this object. The experimenter showed the participant how to perform the task. Then there was a delay 
of two minutes. During the delay the infants were shown other interesting objects, such as a 
mechanical toy or a finger puppet, for instance. The macaques were given raisins during the delay. 
After the two-minutes delay, the object was given back to the participant. Each infant received only 
the object (or objects) corresponding to his age group. The macaques received the object in 
chronological order (starting with the 8-month-old object and finishing with the 18-month-old 
objects. The infants received only one session, whereas we tested the macaques for four sessions. 
The first three sessions were identical, but the fourth session was aimed at testing alternative 
presentations for the failed tasks. Thus the infants-macaques comparison bears on the first session, 
and the analysis of the macaques' manual skills bears on the four testing sessions. In addition, we 
evaluated in the three macaques the capacity for joint attention. 

 

Procedure 
 

Infants: they were tested in a quiet room in presence of their parents (mother, father or both) who 
were instructed not to intervene with their child during the whole experiment. The infant sat on a 
high chair in front of a table, and on the other side of the table sat the experimenter. The 
experimenter presented the object to the infants on the table for the infant to explore it 
spontaneously. If the infant failed during the spontaneous phase, the experimenter performed the 
demonstration out of the infant's reach.  

 
Macaques: the monkeys sat in a primate chair with the head fixed, in front of the experimenter. The 
objects were presented on a plastic board, fixed at comfortable arm length in front of the animal. For 
Ciccio who was very active and tended to throw away the whole set-up, the objects were fixed on the 
plastic board using a double-side tape, and he was prevented to touch the set-up before it was ready. 
The protection for the arms was removed right after the object was put in front of the animal). The 
different objects were always presented at the same spatial position, and the animal could see that a 
piece of food could be grasped (when it was the case). 
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Data collection 
 
Infants: a digital video camera directed at the infant recorded the whole experiment. A frame by 
frame analysis could then be made on all recordings. 

 
Macaques: three cameras were used: one was an infrared digital camcorder put in front of the animal 
so as to record the gaze toward the object and the experimenter. This was to insure the animal was 
looking at the demonstration. The second camera was a regular digital camera, put on the right side 
of the monkey, in order to record his action on the object.  
 
 
Results 

Age change in success in human infants 
 
Since the tasks have been devised to be equivalent across age groups, we first ensured that the rate of 
success did not differ significantly across age groups. This was made by comparing the frequency of 
success as a function of age in the trial before demonstration. There was a low percentage of success 
at eight months of age, and no success at eighteen months for the tool use task (see Table 1). A chi2 
analysis showed that the age-related difference was not significant, irrespective of the task 
considered for 15- (Peg or Rake) and 18-month-olds (Finger or Tool use). It appears then that our 
comparison of the effect of practice versus observation on learning can be made across ages. 
 
 
Table 1: Success as a function of age in infants (%): comparison before and after demonstration 
 

Age group 8-mo 
(Obj. Retr.) 

10-mo 
(Tube Cont.) 

12-mo 
(Box) 

15-mo 
 

18-mo 

Before 
demonstration 11.11 37.5 50 44.4 (peg) 

14.3 (rake) 
0 (tool) 

42.9 (hole) 

After 
demonstration 11.1 55.6 44.4 77.8 (peg) 

28.6 (rake) 
100 (tool) 
100 (hole) 

 

Learning through practice in Infants  
 
To see whether the participants were able to discover how to grasp the object through trial and error, 
we compared the frequency of success during the first 10 seconds of the 30s trial, with the 
following10 seconds and with the last 10 seconds, to see if the infants succeeded after some practice 
with the objects. This analysis of the 30 second exploration showed that the infants did not succeed 
better after 10 or 20 seconds practice. When they succeeded, they did it as soon as they receive the 
object. On a total of 12 successes, two were obtained during the first 10 seconds, seven were 
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obtained during the following 10 seconds, and three were obtained during the last 10 seconds. The 
percentage did not differ between age groups. 
 

Learning through practice in Macaques 
 
As for the infants, we compared the frequency of success during the first 10 seconds of the 30s trial, 
with the following10 seconds and with the last 10 seconds, to see if the macaques succeeded after 
some practice with the objects. This analysis of the 30 second exploration showed that the macaques 
did not succeed better after 10 or 20 seconds practice. When they succeeded, they did it as soon as 
they receive the object. However, further analyses are needed for this question. 
 
Learning through practice: Comparison Infants – Macaques 
 
As one can see on Figure 1, there were no striking differences between the frequencies of success in 
macaques as compared to infants. However, the macaques tended to be better at some of the tasks 
targeted toward the younger infants (Object retrieval, Box), but less successful at the tasks targeted 
toward the older infants (Peg in a bottle and Finger/hole). A Banner test showed that none of these 
differences were significant. However, a Cohen's d indicated that the effect was large for Object 
retrieval, Box, and Finger/hole. The lack of significance might stem from the small number of 
macaques. 
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Figure 1: Frequency of success before demonstration as a function of the task (targeted to different 

ages for infants): comparison Infants – Macaques 
 

Learning by observation in Infants  
 
To evaluate the influence of observation we analysed the change in success between the trial before 
observation and the test trial (after observation). We performed an age x trial (repeated measures) 
MANOVA on the success rate (0 or 1). When the 15-month-old and the 18-month-old's task 
considered were respectively the Peg and Tool use, it showed no age effect, but a significant effect 
for trial (F(1,37) = 19.6; p<.0001), and a significant age x trial interaction (F(4,37) = 8.2; p<.0001; 
see Table 1). A post-hoc LSD test showed that the difference in success between before observation 
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and the test trial following observation was significant only at 15 (p<.05) and 18 months (p<.0000). 
When the 15-month-old and the 18-month-old's task considered were respectively the Rake and 
Finger/hole, it showed a significant age effect (F(4,37) = 3; p<.05), a significant effect for trial 
(F(1,37) = 6.3; p<.02), and a almost significant age x trial interaction (F(4,37) = 2.6; p=.05; see 
Table 1). A post-hoc LSD test showed that the age effect was due to the 18 months, that difference in 
success between before observation and the test trial following observation was significant only at 18 
months (p<.0000). 
 
Table 2: Percentage of success as a function of task level (in months) in macaques: 
comparison before and after demonstration 

Task level 8-mo 
(Obj. Retr.) 

10-mo 
’Tube Cont.) 

12-mo 
(Box) 

15-mo 18-mo 

Before 
demonstration 50 0 100 33.3 (peg)  

0 (rake) 
0 (tool) 
0 (hole) 

After 
demonstration 66.7 66.7 100 66.7 (peg) 

0 (rake) 
0 (tool) 
0 (hole) 

 
 

Learning by observation in Macaques 
 
 To evaluate the influence of observation we analysed the change in success between the trial before 
observation and the test trial (after observation). As one can see on Table 2, observing a human doing 
the task changed the frequency of success for only one task, the tube/container. The results is not 
significant (p=.18) but might be with a larger sample of macaques. None of the very difficult tasks 
(Rake, Tool use, and Finger/hole) benefited from observing the human demonstration. Despite the 
fact that our sample of Macaques is small (N=3), it is noteworthy that the results of the Macaques are 
quite consistent from one individual to the other (see Table 3). 
 
 
Table 3: Outcome of the trials before and after observation for the three macaques at the first 
session 
 
 Ciccio Lucio Georgio 
Session 1 Spontaneous After Demo Spontaneous After Demo Spontaneous After Demo
Detour 
reaching 

Fail. Succ. Succ. / Fail. Fail. 

Tube 
Container 

Fail. Succ. Fail. Succ. Fail. Fail. 

Box unlock Succ. / Succ.  / Succ. / 
Box locked Fail. Fail. Fail. Fail. Fail. Fail. 
Flask Fail. Fail. Succ. / Fail. Succ. 
Rake Fail. Fail. Fail. Fail. Fail. Fail. 
Finger Fail. Fail. Fail. Fail. Fail. Fail. 
Tool use Fail. Fail. Fail. Fail. Fail. Fail. 
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Learning through observation: Comparison Infants – Macaques  
 
To compare the influence of observation on success between human infants and macaques, we did a 
MANOVA on the rate of success, with group as an independent variable (x 2), and trial as an 
independent variable with repeated measures (x 2; before and after demonstration). This was done 
for each task separately. We observed no effect for Object Retrieval; an effect for trial for the 
Tube/container (F(1,10) = 8; p<.02) (the rate of success was higher after demonstration for both 
groups); a group effect for the Box (F(1,9) = 5.1; p=.05) (Macaques are better than infants); no effect 
for the Rake and the Peg. For the Tool use and the Finger/hole, the lack of variance of the 18-month-
olds in the trial after demonstration keeps from calculating a MANOVA. It does not need statistics to 
infer from the data that infants are better than macaques after observation; and since they were not 
significantly better before observation, this indicated that the 18-month-old infants learn more from 
observation than macaques (see Figure 2).  
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Figure 2: Frequency of success after demonstration as a function of the task (targeted to 

different ages for infants): comparison Infants – Macaques 

 
 

WP4: Computational model (KCL, Responsible John Taylor)  
 
WP4 has had contributions by both KCL and FORTH/ICS. The work of FORTH/ICS is not reported 
in this section but rather later under WP5 to facilitate coherent presentation. The KCL contribution 
during the second year is described herein under. 

The progress of WP4 during the second year was: 
KCL presents work based on two collaborations, each aiming at providing both some explanations 
of, and a functioning model for, the work of the CNRS groups on observational learning. We explain 
a simple model designed to explore the idea of observational learning as the transfer of actions on 
affordances, and apply the model to an experimental paradigm used by CNRS, with useful results. 
 
We also detail a more complex model, designed both to address the more complex paradigm used to 
investigate children with Autistic Spectrum Disorder, and to relate to earlier work on brain 
activations during observation and execution of actions. The model is also planned to serve as a more 
generalised model of observational learning. 
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Modelling observational learning as the transfer of actions on affordances and the discovery of 
hidden affordances (collaboration with CNRS) 

The ball and stand paradigm 
In this paradigm, infants are presented with a ball placed on an 
unstable support (the size of the support varying with the infant’s 
age). They then attempt to pick up the ball, and it is recorded 
whether they succeed or fail. 
 
The ability of infants to learn from two mechanisms is tested. 
Firstly they may attempt the task three times in succession to 
determine whether they learn by trial and error. Secondly, they 
are shown a single demonstration by an adult of grasping the ball, to determine whether 
they can learn by observation. 
 
Infants at 8, 10, 12, 15 and 18 months of age were tested using this paradigm. 

Experimental results 

Table 1 - Improvement by observation 

Age (months) Control success (%) Exp success (%) Significant? 
8 12.5 75 Y 
10 44.44 55.56 N 
12 44.44 57.14 N 
15 57.14 66.67 N 
18 50 66.67 N 
(where the ‘Exp success’ group denotes those who observed a single adult demonstration) 
 
Here we can see each age group improves in performance with a demonstration (and so by pure 
observation), however the results are statistically significant only for the 8 month old age group (they 
are very close to being significant for the 18 month old infants, also). 
Table 2 - Improvement by trial and error 

Age (months) Trial 1 Trial 2 Trial 3 
8 12.5 62.5 59 
10 44.4 44.4 44.4 
12 44.4 44.4 44.4 
15 57.1 14.3 57.1 
18 50 57.1 50 

 
Improvement by two successive trial and error learning stages is seen only for 8 month olds (and 15 
month olds actually decrease significantly in performance between the first and second trials). 

Model Details 
Given suggestions that the infants appeared to be learning strategy, rather than fine motor control 
(there appeared to be more infants who attempted to grasp the ball from a top-down direction, which 
is a more successful grasp, after the demonstration by the adult, associated with the results of table 
2), we developed a model based on the idea of observational learning as the transfer of actions on 
affordances, and the perception of affordances. 
 
Here, we summarise the model details in diagrammatic form: 
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The vision module extracts the relevant features of 
the scene presented to the system, and passes these 
on to the object recognition module. This then 
determines the objects present in the scheme and 
activates the object codes for those objects (this 
region holds dedicated nodes corresponding to 
known objects). Vision also primes the goals 
module, provides the first stage of error detection, 
and extracts the system’s current relative hand 
position. 
 
The object codes prime the set of known 
affordances related to the object. Input from the 
goals module then selects the affordance relevant to 
the current goal, and connections between 
affordances and actions select an action to be used 
on the affordance. This is then passed to the motor 
planning area. 
 
Motor planning takes the action to be used on the 

object, and integrates this with knowledge of both the object’s position and the position of the hand. 
Together this allows a motor plan to be formed, which then causes action to occur. Throughout the 
movement, proprioceptive and visual feed-back update the motor plan. 
 
Error detection determines whether the goal has been successfully achieved, and if not, alters both 
the priming of affordances and the links between affordances and affordant actions. 
 
The system for observation additionally includes the following components: 

Affordance/action recognition – This processes 
visual input to extract information representing the 
features of an observed affordance and the action 
used on that affordance. 
 
Affordance/action comparison - Here a candidate 
action/affordance pair can be compared to the 
system's stored list of affordances and actions to see 
whether a match occurs. 
 
Mental simulation loop This module extracts the 
goals of observed affordance/action pairs by mental 
simulation - effectively planning out the observed 

action to determine which goals are associated with it. The module has reciprocal feedback with the 
affordance/action recognition system, since the two areas affect each others operation. 
 
Most regions are implemented using simple graded neural networks, with dedicated nodes for 
objects, affordances, goals, etc. The sensorimotor integration uses a calculation system, to determine 
the hand position. Motor planning is a hybrid region that translated coordinates and a coded action 
into a movement plan. Action is simulated using a simple physics model to determine which objects 
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can pass through one another. Affordance/action comparison uses a pattern matching system, biased 
by the mental simulation loop which  

Paradigm-specific model coding 
We determine the initial level of motor error based on an estimate of the infants’ capabilities at 
different ages, which combined with the knowledge of the size of the ball and stand allows us to 
estimate initial chances of success given the actions used. 

 
For this task, we are using the grasping affordance 
that the ball provides. However, we assume that the 
infant can respond to this affordance with a number 
of different possible grasping actions. To simplify, 
we reduce this range of actions to two possibilities 
– a direct (horizontal, H) grasp and a grasp from 
above (vertical, V). For our simple system, the 
actions are then coded as two contact points (using 
only a two-fingered gripper) with which to grasp 
the ball, and a direction of approach. 
 
The system has an initial preference for using the 
direct approach, H. However this approach 
provides more chance of failure for a given level of 

motor error (we determine that the ball has been knocked off when its centre of gravity moves over 
the edge of the base). 

Simulation setup 
The simulation proceeds with the following steps: 
 

• Present the scene containing the ball and stand to the model infant, activating the visual 
system and priming object representations and goals. 

• For the observational learning simulation, the system sees the demonstrator grasp the ball 
using the H action. There is then a chance that this action becomes more favoured as a 
method of using the grasping affordance. 

• Simulation selects an action and performs it. We determine whether failure or success occurs 
(based on whether motor error causes the ball to be knocked off, rather than successfully 
grasped). If failure occurs, there is a chance that the strategy not used (so H, if V was used 
and vice versa) will be selected in future. In other words the error is used to modify the 
strategy form H (initially) to V (finally), when there is reduced (or no) error. 

• For the trial and error simulation, the presentation and grasp attempts are then repeated, 
each time modifying the action selection process dependent on success or failure. 

The results for each simulation are then recorded. 

Simulation results 
Here, we look only at the most relevant of the simulation results, those for the 8 month old for trial 
and error and observational learning (additional simulations were carried out for other ages).  On the 
left, are the results for learning by trial and error, showing the success/failure percentages at first and 
second trials. 
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In both cases, the simulation results qualitatively match the experimental results, in that there is a 
change in success for both trial and error and observational learning situations, but the change is 
larger for the observational learning demonstration.  
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Brain basis 
A brain basis will help provide a firmer foundation for the model as well as allow for further 
predictions that can be tested in a variety of ways (behavioural, through infant brain deficits, through 
brain imaging such as EEG as well as from neuroanatomical studies). 

The functionality we are seeking to discover, together with its developmental trajectory, is 
expected to be supported by a network of brain modules. The functionality is described by the set of 
modules of figures 1 and 2, and described in the text in section 2. This model is based in part on the 
seminal idea of affordances of JJ Gibson (Gibson, The Experimental Approach to Visual Perception, 
Houghton-Mifflin, 1979), which have been applied more recently not only to a more detailed study 
of infant motor and cognitive development (Rader N et al, Behav Dev 23:531-541, 2000) but also in 
robotics.  

The developing connections in the infant brain arise in a two stage manner: 1) A genetically 
guided outgrowth of axons from one brain region to the next initially occurs, involving an over-
abundance of axons to the following area. The initial axons are laid out in a roughly topographic 
manner. This initial connectivity does not possess the delicate sensitivity needed to achieve 
orientation sensitivity or other coding for feature extraction, as occur in early visual cortex, for 
example (colour, orientation, motion being extracted); 2) There is growth of more axons as well as a 
roughly two-fold reduction in the total number of axons, so as to achieve the sensitivity mentioned 
earlier. This second stage is under the control of afferent information from the environment, and 
involves a form of Hebbian learning to create the necessary coding. It is not under much (if any) 
genetic control at this stage. 

An important feature of this development is that it occurs in a topographic manner, as stated 
earlier, from ‘lower’ to ‘higher’ areas. Thus the hierarchy of visual areas are brought on stream or 
enabled to become active by axonal myelination in a successive manner. Such a process has been 
modelled, for example, in detailed neural network models of the hierarchical visual system 
V1→V2→V3→V4→TEO→TE.. Lower level synaptic connections were trained first in the model 
and the resulting outputs of the low-level feature detectors used to train the further higher-level 
feature detectors. In this way it proved possible to explain the sensitivity of V2 neurons to angles, of 
V4 neurons to partial edges of shapes, up to spatially invariant object representations in TE 
(GNOSYS 2006, Proc. ICANN 2006). 

Such a picture of successive training of higher level modules on top of the initial skeleton 
framework arising from the genetic inheritance also applies to prefrontal cortex, starting with motor 
cortex and pre-motor cortices. Thus we expect that affordances, guiding the set of actions that can be 
taken on a given object, would also be developed in a two-stage manner: first based on the genetic 
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skeleton and secondly learnt through ever-more detailed actions that can be taken on a given object. 
This second stage is expected to continue throughout life, so is not necessarily solely an infant 
development question; that is clear, for example, from the learning of sports. 

There are two sorts of affordances objects provide: those based on present experience and 
those learnt from past experience.  The memorised affordances can be regarded as guiding possible 
actions that can be made, having been made in the past. The perceived affordances would then be 
those which arise through observation of trial-and-error processing, also guided by the genetic 
skeleton. These perceived affordances would be stored in some short-term memory initially, but 
would in due course, if salient enough, become part of the set of (long-term) memorised affordances.  

We thus arrive at a picture of the learning of affordances as part of the overall learning of 
sensori-motor actions. The stored affordances module in figure 1 is to be regarded as the set of 
memorised affordances activated by the input of a given object code. It is this one-to-many mapping 
which is memorised by an infant in the process of babbling or making more goal oriented actions. 
The influence of goals coded in the goal module of figure 1 will begin to play their influence as goal 
creation occurs in the infant brain. Thus the stored affordance module would be part of long-term 
memory, very likely associated with developing object codes in the infant brain. 

We have not yet specified where affordances and their related actions would be coded in the 
brain. We will only consider here the cortical code: that which is sub-cortical (in thalamus and basal 
ganglia, for example) will not be touched on. Results coming from brain imaging of execution and 
observation of the same movements have demonstrated that similar areas of the cortex are activated 
in both cases. In particular parietal and temporal areas are activated in this process, as well as those 
in pre-motor cortex (Raos et al., NeuroImage: 23, 193-201, 2004; J Neurosci 27:12675-12683, 2007). 
In particular it is known that STS is activated when an object is observed (Miall, NeuroReport, 14 
(16): 1-3, 2003; Iacoboni, Nat. Rev. Neurosci., 7:942-951, 2006). This activation is thought to 
correspond to the possible significant points on the object by which action can be taken on it (such as 
the contact points).  

Besides such features of an object, there are also the relevant limb to be used and its 
orientation in making an action on the object (such as the horizontal versus vertical grip on the ball in 
the paradigm we have discussed). We expect these to be encoded both in the pre-motor cortex (PMC) 
as part of the action plan, and in the parietal region (such as the PE and V6A for grasp) as to the limb 
(associated with a possible body map). 

We can now begin to relate the model of figures 1 & 2 to actual brain sites as follows: 
Vision: in the hierarchy of visual cortical modules 
Object recognition/object codes: in temporal lobe 
Goals: in prefrontal cortices (especially DLPFC and VLPFC) 
Error detection: in cingulate cortex (and possibly DLPFC) 
Contact points of stored affordances: STS 
Motor plans for acting on the contact points: PMC  
Proprioceptive information: S1, S2 
Part of body to be used: parietal  
Sensorimotor integration: SPL, IPS  
Hand position: posterior parietal, such as V6A 
 We have now given a brain basis for the model of section 2. The order in which the various 
modules develop in the infant brain is only known to a limited extent, so we can be guided by this in 
our modelling, as well as by inserting into the model of figures 1 and 2 gradually increasing synaptic 
connection strengths with age. This allows more specific predictions as to at what age the various 
components are available. At the same time we can consider in the model such a developmental 
process in order to see if the behavioural model results agree with those obtained by experiment.  
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Conclusions 
We have shown that considering observational and trial-and-error learning as mechanisms affecting 
the choice of actions on affordances allows us to explain some of the data provided by the infant 
learning paradigms. It is also possible to predict the effects of multiple observation phases (or a 
combination of observation and trial-and-error learning) using the model.  
 
Results depend heavily on parameters involving the learning rate of actions on affordances by 
different mechanism, so that the more experimental work provides the quantitative details of these 
effects, the more accurate the model can become. 

Further work 
Current work involves modelling the specific object data of the CNRS infant development group, in 
particular highlighting the differences between the transfer of actions on affordances and the 
discovery of hidden affordances which are suggested by the high success rates of infants at tasks 
which are almost “pure strategy” (not motor skill dependent). Early simulation results show that this 
can be modelled using the existing architecture. 
 
Complex box paradigm – collaboration with CNRS 
Here we are attempting to link the more functional model designed to approach observational 
learning as transfer of actions on affordances and affordance discovery with our earlier model 
involving brain activations. Additionally, the aim of the model is to be able to show how both brain 
development and potential impairments can affect the capacity for observational learning. 
 
In this case, the paradigm used (with the subjects being children with varying degrees of Autistic 
Spectrum Disorder) is a box which requires several, separate actions to open. Some of these must be 
performed in a certain order, others can be selected in parallel. Some involve tool usage (such as 
unscrewing a screw), and the tool has two uses to add additional complexity.  
 

A more generalised observational 
learning model 
We extend the model of observational 
learning described previously with 
several modules necessary to 
accommodate the more complex task. 
 
Executive control – since the task 
requires several separate steps, some of 
which are presented in parallel, this 
allows the system to determine which 
task should be carried out. 
 
Subgoals – interlinked with the goals 
module, this splits the overall task up 
into subgoals achievable at the level of 
individual actions. Subgoals relate to 
different stages of the task, and are 
mutually interconnected with inhibitory 
connections so that only one can be 
activated at the same time. 
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Motor intention – this codes for the desire to reproduce the action observed, to help test the 
hypothesis that observational learning is more effective when the observer knows that they will be 
attempting the task. 
 
 
The model is also designed to operate with the possibility for simultaneous/rapidly alternating 
observation and execution (such as in imitative training), which necessitates suitable timing 
mechanisms in the different modules. 
 
Early simulation results using the system (with a simplified motor action system designed to 
accommodate the complex motor actions that must be performed) have managed to show some 
observational learning effects based on observing specific components of opening the box.  
 
Additionally, use of the motor intention module has shown that if it can regulate the efficiency of the 
affordance/action recognition system (a possible brain mechanism for this, on which we have based 
the model techniques, is the action of neuromodulators) then improvement by observational learning 
occurs when intent to reproduce is present. 

Planned/current work 
Of particular interest are the different training mechanisms used experimentally, which include video 
training, specific object training, imitative training and others. We hope to be able to use the model 
features to explain results produced by these experiments by translating them into model features 
(imitative learning might increase both attempt to reproduce and the fidelity of recognition of 
affordances and actions used, for example). 
 
Additionally, the model should provide a way to study developmental effects and how these relate to 
brain activations and brain development in the infant (see the section on Brain Basis earlier).  
By altering the connections between modules based on brain development (and any related 
impairment), we can both explain results and make predictions. Such might be possible both for 
normal infants as well as to study particular module deficits, as in the case of children with autistic 
spectrum disorder. 

 
 
 

WP5: Embodied Cognitive Agents (FORTH/ICS, Responsible Panos Trahanias)  
 

The progress of WP4 during the second year was: 
Description of work 
The work of FORTH-ICS focused on creating computational models which could facilitate 
perception, object/action association and low level learning of motor repertoire. A major expansion 
to our model was the use of biologically inspired neurons in our networks, in order to be able to 
map/compare the activations that are reported by the neurobiological experiments with our simulated 
data. In addition we have developed a constraint methodology for the manipulation of the hand, 
which is consistent with findings in biology regarding the embodiment of primates, and facilitated 
object-grabbing in the experiments using more complex tasks. Both of these models were embedded 
in an accurate simulation of a HOAP-2 robot, and were assessed extensively. Extending our previous 
experiments which were involved with the reaching component of motion, we focused on grabbing 
objects of various sizes as well as low level learning of primitive behaviours. Our computational 
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models were updated to include both hemispheres of the brain. Results indicate a strong resemblance 
in terms of activations of the IPL, SPL, F7, F2, F5, S1 and M1 brain regions across both hemispheres 
to those reported by recent neurobiological experiments of FORTH/IACM (Raos et al., NeuroImage: 
23, 193-201, 2004; J Neurosci: 27:12675-12683, 2007). 
 
Computational Modelling (WP4) 
The brain modelling methodology used during the first year of the experiments was able to evolve 
populations of neuron models for the achievement of a motor task. We have updated this framework 
to be able through co-evolution of a variety of biologically inspired neural networks to enforce 
cognitive roles to neural populations. Due to the flexibility of the approach, we were able to extend 
our model with somatosensory and visual regions, as well as assign more explicit roles to the existing 
simulated brain areas. 
 
Design mechanism 
The updated computational model comprised of several computational components, including 
Spiking neurons, Kohonen, feed-forward and recurrent Neural Networks, as well as models of 
plasticity learning, including variants of Hebbian learning. These components were co-evolved 
through a mechanism that attempted to adjust the influence of each population and the physiology of 
its neurons, in order to accomplish the task of executing a grasp and consequently observing it. 
 

 
Fig 1. The encoding procedure of our co-evolutionary algorithm. Different combinations of brain regions were 
encoded in each chromosome, which was then evaluated based on a fitness function. 
 
The algorithm parameterized topological properties of the neural populations (coordinate vector) as 
well as physiological factors of the neurons in these populations (properties for each neuron) to 
accomplish a complex cognitive task. In addition to our previous model, which evaluated all 
available neural populations as a whole, each network was also assessed individually, based on its 
performance on the cognitive role it was assigned. 
 
Modelling Embodiment 
We modelled our cognitive system using an accurate simulated replication of the Hoap-2 robot. To 
support our experiments we have extended the robot to include a realistic replication of an 11-DOF 
hand, consisting three 2-DoF fingers attached to a wrist of 1-DoF. In addition, all hand components 
were embellished with simulated sensing capabilities, which allowed them to receive information 
regarding their interactions with the environment. Since the manipulation of this component is 
evidently quite more complex than the 5-DoF arm that was used in the reaching experiments, we 
have also introduced a biologically inspired constraint methodology which enabled the cognitive 
model to manipulate the hand kinematics through different resolution levels. The performance of the 
controller was assessed in a series of grasping experiments, using our computational models, and was 
found to facilitate the emergence of a number of natural properties that primates tend to exhibit. In 
addition it was found adequate to perform grasping, solely using feedback derived from the touch 
information of the fingers (Hourdakis, Maniadakis, Trahanias, 2007).  
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Fig 2. The constraint methodology that was used to manipulate our 11-DoF simulated hand 

 
Model Architecture 
Our computational model was embellished with a number of new brain regions. More specifically, 
we introduced the cerebellum as well as areas F7, F2 and F5. The somatosensory region was also 
enabled to process sensor activations from the fingers of the robot. The M1 population was 
responsible for controlling all joints existent in the robot’s fingers and main hand. In addition we 
have introduced two groups of the neural populations that are shown in fig. 3, each one for modelling 
the corresponding right/left hemisphere. In these two populations, homologous regions of the two 
hemispheres are connected in a 1-1 fashion. 
 

 
Fig 3. The architecture of the computational model 

 
 
Experiments/ Results 
 
In accordance to the experiments of our biology partners, our robots were taught using two 
subsequent cycles, action execution and observation. During the first phase, the robot was asked to 
replicate behaviour, as well as observe the same behaviour being performed by another robot. Input 
was provided in both hemispheres of our simulated brain. 
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Our results indicate that the reported activations in the somatosensory and primary motor cortices 
during observation, which were smaller than those during execution (Raos et al., NeuroImage: 23, 
193-201, 2004; J Neurosci: 27:12675-12683, 2007), are also evident in the robotic simulation. 
 

  
Fig 4. Activation patterns in the M1 population for two cycles, execution and observation. The lower curve 
indicates the activation of the neural population during observation. These results are reported to the hemisphere 
conralateral to the active hand during execution (upper curve) and to both hemispheres during observation (lower 
curve). 
 
As fig. 4 indicates, our results are consistent with those of the biological experiments of 
FORTH/IACM. More specifically, the activations of M1 for observation were approximately 50% 
lower than the activations for execution. In addition, the hemisphere contralateral to the hand 
performing the action was activated during execution, while both hemispheres were activated during 
observation. The same results are displayed by the S1, IPL and SPL populations. 
 
 

 
 

Fig. 5. IPL activations are 50% lower during observation than during execution. The active neural population is 
contralateral to the active hand during execution (upper curve), and bilateral during observation (lower curve). 
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In addition, our activations of the S1 neural population resembled those reported by the 
neurobiological experiments, as illustrated in Fig 6. 
 
 

 
 

Fig. 6. S1 activations are 50% lower during observation than during execution. The active neural population is 
contralateral to the moving hand for execution (upper curve), and bilateral for observation (lower curve). 
 
 

 
 

 
Fig. 7. SPL activations are 50% lower during observation than during execution. The active neural population is 
contralateral to the moving hand for execution (upper curve), and bilateral for observation (lower curve). 
 
 
 
Consistent with results from neuroimaging, we have also found that the population in the F5 region 
of the premotor cortex was activated contralateraly during execution and bilaterally during 
observation. 
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Fig 8. Activations in the F5 population for two cycles, execution and observation 
 
 
The same increased activation patterns were also observed in the F2 populations of our 
computational model, which remained active in the hemisphere contralateral to the moving hand 
during execution, and bilaterally during observation. 
 
 

 
 

Fig 9. Activations in the F2 population for two cycles, execution and observation. The lower curve indicates the 
activation of the neural population during observation 
 
 
Consistent with the neuroimaging results, our F7 population was inactive during execution, while it 
was active bilaterally during observation. 
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Fig 10. Activations in the F7 population for two cycles, execution and observation. The lower curve indicates the 
activation of F7 during execution, while the upper indicates the average firing rate across both hemispheres. 

 
Discussion 
During the second year we advanced our computational model for observational learning and 
developed a competent controller for hand manipulation. Our results indicate a strong resemblance 
with the neurobiological/neuroimaging results in terms of the activations of corresponding areas of 
the brain. More specifically, our model exhibited the same overlapping patterns of activation in areas 
M1, S1, F2, SPL, IPL and F5 for action execution and action observation. In addition, we have 
embellished our model with neural populations for modelling both hemispheres of the brain. In the 
following year we plan to include more networks in our simulations, especially those which will be 
revealed by FORTH/IACM, and to further develop the learning mechanisms that are present in the 
model. 
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2nd Year Deliverables 
 

Deliverable D3.1 (18 months) 

Typical and psychopathological pathways toward observational learning 
(CNRS, Responsible Jacqueline Nadel) 

 
Within the primary objective of exploring the developmental path which endows healthy infants and 
autistic children with the ability to learn from observing another person performing an act, the 
specific objective set by CNRS for the 18th month in WP3 was to start revealing the typical and 
psychopathological pathways toward observational learning. Observational learning is defined as the 
capacity to acquire an action strategy only through observation of other agents, without the 
experimentation needed in other learning procedures. A few studies have recently explored the 
emergence of this capacity in infants of 9, 12, 15 and 18 months in terms of number of sequential 
steps that can be recalled and re-enacted (Elsner, Hauf, & Ascherleben, 2007, IBAD; Kressley-Mba, 
Lurg, & Knopf, 2005, IBAD) but none has been devoted so far to the specific case of children with 
Autistic Syndrome Disorder (ASD). Much of the evidence comes from work on adults (special issue 
Observational learning Jl of Sport Sciences, April 2007). Studies on adults have shown that motor 
training as well as mental training improve performance of motor skill tasks. It has been 
demonstrated (Nyberg et al., Neuropsychologia: 44, 711-717, 2006) that distinct neural pathways are 
involved in the two conditions. The motor-simulation theory proposes that perceiving actions involve 
internal simulation of the movement to be produced (Jeannerod, 2001, Neuroimage, 14, 103-109). 
This internal simulation involves not only action programming but also the generation of a copy of 
the movement to be reproduced (Raos et al., NeuroImage: 23, 193-201, 2004; J Neurosci: 27:12675-
12683, 2007).  
 
Recently the role of the so called “Mirror Neuron System” (MNS) in imitation (Rizzolatti et al, Nat 
Rev Neurosci.: 2, 661-670, 2001) has been emphasized. Dysfunction of MNS is reported in Autistic 
Spectrum Disorder (ASD). This leads some authors to the claim that there is a strong link between a 
dysfunction of MNS and a deficit in imitation (Williams et al., Neuroscience & Biobehavioral 
Review: 25, 287-295, 2005). Others have demonstrated that similarly good imitative performances of 
high functioning ASD are accompanied by a lower activation of MNS compared to controls, and a 
higher activation in visual and motor cortices (Dapretto et al, Nature Neuroscience: 9, 1, 28-30, 
2006). At this point we should stress that the concept “mirror neurons” reflects the function of a 
certain class of cells in premotor cortical area F5, cells which discharge both when a monkey 
executes an action and when the same monkey observes another subject executing the same action, 
and thus provide the neural substrate for understanding the actions of others. However, cells with 
these properties have not been found in the temporo-occipital areas of MNS, which is known to 
devoid of motor characteristics. This fact makes the concept of MNS ill defined. In contrast, the 
simulation theory (supported by the results of the IACM/FORTH partner) assigns this role to a 
considerable portion of the nervous system (including MI, SI, F2, F5, F7, parietal and prefrontal). 
Moreover the above mentioned studies have used questionable procedures to assess imitation, and 
thus their results lead to question how far persons with ASD can use different strategies and neural 
nets in order to perform observation-action coupling, develop motor imagery, and enrich their motor 
repertoire by observation learning. MATHESIS background, showing that motor representations 
stored in the primary motor and somatosensory cortices are recalled during observation of an action 
(Raos et al., Neuroimage: 23, 197-201, 2004), indicated to us the exploration of other simulative 
neural mechanisms possible to be supported by educational interventions in ASD. For instance, re-
enacting several times the action of a model may strengthen the capacity to store motor 
representations and to recall them appropriately. Our own developmental studies (Escalona et Nadel., 
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JADD: 2002; Field et Nadel, Autism: 3, 317-323, 2001; Naddel et al., Autism,2, 133-145, 2000) and 
their replication ( Heimann et al, Infant Child Development: 15, 3, 297-309, 2006) have shown that 
repeated sessions of being imitated generate an increased performance of imitation and recognition 
of being imitated. Neuroimaging studies that demonstrate a strong relation between imitating and 
being imitated (Decety et al., Neuroimage: 15, 265-272, 2002) support these findings.  
 

I. Report concerning the 18 first months 
 
The main objectives of WP3 for the 18 first months were as follows: 

1. Design tasks adapted to infants of different ages and to children with ASD of different 
developmental levels, and elaborate tools to compare healthy infants (8 to 18 months) 
and older children with ASD (3 to 8 years) 

2. Plan and schedule the experiments 
3. Find relevant populations  
4. Collect data and produce partial results  
5. Start writing papers including a review of research in the field plus first results 

 
1. Tasks design 
Our first aim was to design novel actions that can be learnt through observation only by typical 
young infants and by children with ASD. To this end, we conducted pre-experiments that lead us to 
design several different tasks appropriate to the developmental level of each population concerned, 
and one common task enabling to compare the performance of the older typical groups (18 months) 
and the lower clinical groups (18 months of Developmental Age).   
  
1.1. Tasks for Typical Infants (CNRS Paris-V, Jacqueline Fagard & Rana Esseily) 
Each infant is given two different tasks: a grasping task common to all age groups, and a 
manipulation task specific of each age group.  
 
The grasping task consists in grasping an unstable ball placed on a small support, and the width of 
the support decreased with age so that the level of difficulty could be comparable for all age groups. 
The specific tasks are tasks that, according to the literature or to our own experience with infants, are 
too difficult for the age group considered, but feasible for the next age group: they consist in "detour 
reaching" (8 months), "pulling a tube out of a container" (10 months), "getting an object out of a 
box" (12 months), “Tool use and mean’s end” (15 months), "Tool use and mean’s end" (18 months).  
 
At eight months, infants are presented with an object placed behind a transparent barrier, so that they 
needed to do a detour in order to reach for it (“detour reaching”, a one-step action). At ten months, 
infants are given a plastic tube inserted in a wooden container: the task (bimanual, one-step action) 
consisted in getting the tube out of the container (“tube-container”). At twelve months, infants are 
presented with a transparent box with a toy visible inside: in order to retrieve the toy, infants had to 
raise the hinged lid with one hand, and grasp the toy with the other hand ("box", bimanual sequential, 
two-step action). At fifteen months, the infants are presented with a rake, behind which there was a 
toy which could be retrieved using the rake (means-end, three-step action). A second task for the 
fifteen-month-old consisted in getting a pastille inside a flask by flopping it upside down (means-
end, three-step action). At eighteen months, the task presented consists in grasping a velcro-covered 
block at the end of a box partially occluded, using a stick also covered with velcro ("Stick", tool use, 
three-step task). 
 
1.2. Tasks for children with ASD (CNRS-Paris-VI, Jacqueline Nadel, Nadra Aouka, Ouriel 
Grynspan, & Pierre Canet) 
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The task designed consists of opening a box locked with several lockers that can only be unlocked by 
the sequential use of different actions (raise up, uncover, unscrew, etc.) and catching a small gift at 
the bottom of a cylinder inside the box. Three levels of complexity were conceived according to the 
developmental level of the children. 

 
 
 

Figure 1: 
The box designed for observational 

learning in children 
 

 
 
 
 

 
1.3. Common task 
The common task consists in lifting the lid of a transparent box with no apparent device for opening 
it, using the finger through the hole made in the middle of the cover  
 

 
 

Figure 2: Common task for infants and children with ASD  
(i.e. opening a box by putting the index inside a hole in the cover)  

 
2. Experimental planning and schedule 
2.1. Typical infants 
At each age, three groups of infants are compared: (1) an experimental group, where the infant is 
directly presented with  the target action, before doing the task, (2) a first control group where the 
infant was presented with the object before the demonstration (3 trials in the case of the common task 
and 30 seconds for the specific task); (3) and a second control group where the infant was given only 
one spontaneous trial before the demonstration for the common task (for the specific task, the object 
was retrieved after the first change in manipulation) (see Table 1). All infants started with the 
unstable ball reaching task, and were next given the specific task. For all infants, there was a delay of 
two minutes between the demonstration and the test trial, and during the delay their attention was 
called elsewhere by showing them puppets or toys unrelated to the tasks.  
 
The influence of observational learning was evaluated by the difference in performance between the 
test trial of the experimental group (after demonstration) and the first spontaneous trial of the control 
groups (before demonstration); intra-group comparison was also made between the first spontaneous 
trial of the control groups and their test trial (after demonstration). For the first control group, we 
could also compare the gain after demonstration with the gain along the three practice trials, thus 
comparing the effect on learning of observation versus practice. 
 
 
 
 
 
 

 

TestModeling /Experimental
TestModeling /Trial 1Control 2
TestModeling /Trial 3Trial 2Trial 1Control 1
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Table 1: Protocol for the experimental and the two control groups 

 
2.2. Children with ASD 
The hypotheses to be tested with children with ASD are the following: (1) children with ASD can 
learn a (sequence of) novel action  via observation only;  (2) they are able to re-enact (at least partly) 
the novel action 24 hours after the demonstration; (3) if children fail, repeated imitation of familiar 
gestures that are involved in the novel action may facilitate observational learning (via exerting 
agency and stimulating motor repertory and motor imagery); (3) repeated observation of familiar 
gestures that are involved in a novel action may facilitate observational learning (via strengthening 
motor imagery) though in a less effective way than imitation training; (4) repeated use of turn-taking 
of imitating and being imitated as a way to communicate (Nadel & Butterworth, imitation in infancy, 
1999) may encourage focusing attention to the other’s behaviour and give meaning to observational 
learning. 
 
Four experimental groups of two developmental ages are defined in order to test 1) the effect of 
observing only, 2) the effect of being trained via imitation of relevant actions, 3) the effect of being 
trained via observation of relevant action, 4) the effect of being trained via an imitative interaction 
between subject and experimenter. 
 
Table 2- Experimental planning and milestones of the workprogramme for Autism 
 
 

  

Experimental 

Group IT 

 Experimental 

Group VT 

Experimental 

Group CT 

Experimental 

Group WT 

D1 1-object  presentation 

2- TV Demonstration 
3- play session 

1- Object Presentation  

 2- Demonstration  

3- play session 

1- Object Presentation  

2- Demonstration  

3- play session 

1-Object presentation 

2- Demonstration  

3- play session 

Test 1 after 24 hours Test 1 after 24 hours Test 1 after 24 hours Test 1 after 24 hours D2 

        

D2 

D3 

D4 

D5 

Training via Imitation 

of a TV demo  of  

relevant simple 

actions 

Trainng via observation 

of a TV demo of 

relevant  simple actions 

 Trainiing via a 

communicative use of 

imitation with E 

No training 

D8 Test 1b after 1 week 

If failed, Demo 

Test 1b after 1 week 

 If failed, Demo 

Test 1b after 1 week 

 If failed, Demo 

Test 1b after 1 week 

 If failed, Demo 

D9 Test 2 

 

Test 2 

  

Test 2 

 

Test 2 

 

Start April 2007 Oct. 2007 Oct. 2007 February 2007 

M
ilesto

ne 10 children  June  07 

10 children Oct.  07 
10 children  Dec. 07 

10 children March 08 
10 children Dec.07 
10 children April  08 

10 children April 07 
10 children June  07 

NB. In yellow, work completed by the 18th month of the MATHESIS project. 



 47

 
3. Participants 
3.1. Infants 
Infants are recruited from a local list of families who expressed interest in participating in studies of 
infant development and from a childcare centre.  Prior parental informed consent is given prior to 
infant participation. The mother is present (mostly the infant is on mother’s lap). 
So far, a total of 76 infants, aged 8, 10, 12, 15 and 18 months, participated in the study, with an equal 
number of males and females at each age level.  

 
3.2. Children with ASD 
Given the prevalence of low-functioning autism (i.e. 5/10000), 4 centres for ASD are part of the 
experimental schedule, so as to get a total of 80 children (20 in each experimental condition from 2 
developmental levels)e inclusion criteria are: dfiagnosis of aSD, no additional motor or visual 
impairment and developmental age ranged from 16 to 36 months. 
So far, 30 children with ASD responding to the inclusion criteria have been tested: the two subgroups 
(low and medium level) of Group 1 (GWT) and the lower subgroup of Group 2 (GI)., (DA and CA 
matched with the lower 10 children of group WT (without training). 6 typical children aged 24 to 36 
months have been presented the task for matching with higher levels of ASD. 
 
4. Results 
4.1. Infants 
On the common tasks, intragroup analyses indicate an increase in success between the first and the 
second trials, thus indicating that infant learn very quickly through practice, even at eight months of 
age. Inter-group comparison show a higher rate of success for the experimental group (thus after 
demonstration) than for the control groups.  
 
On the specific tasks, there was very few spontaneous success, and there was no change in behavior 
within the 30 second practice in the group control 1. Intragroup and inter-group comparisons showed 
an effect of observation: infants succeeded more in manipulating the object after demonstration by an 
adult than before, but this effect appears only in the two oldest age groups (15- and 18-month olds) 
(see Figure 3).  
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Figure 3: Intergroup comparison for the specific objects 

 
These results show that observational learning depends on task characteristics. For simple reaching 
and grasping, learning seems to be efficient both through practice and by observation for all age 
groups. In contrast, when complex manipulation is involved, we find age differences: before 15 
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month of age the rate of success neither increases with practice, nor with observation but starting 15 
month of age infants benefit from observation. 
 
4.2. Children with ASD 
Using the software of videoanalysis ELAN adapted by Grynspan for our MATHESIS program, We 
completed two types of coding: a coding of the steps leading to fulfil the sequential novel action, and 
a coding of relevant manipulations of the box and tool. 
Different results were found with the two measures. . 75% of the children in the experimental group 
without training improved their scores of relevant manipulations of the box and tool (procedural 
actions), while 36% only improved their scores of sequential steps for opening the box.  
 

Role of observation on task performance

0

1

2

3

4

5

6

Spontaneous T1-24h after
Demo1

T1bis-A week after
Demo1

T2-24h after
Demo2

Sessions

M
ea

n 
sc

or
es

Procedural actions
box openning steps

 
Figure 4 

 
Looking at the different stages of the before/after follow-up, it appeared that children improved from 
spontaneous trial to trial 24 hours after first demo, and were able to maintain their knowledge one 
week after, with a trend toward an improved performance. They again improved their score 24 hours 
after the second demo, compared to their score 24 hours after the first demo. These results encourage 
to  consider that low-functioning children with ASD are able to learn and maintain their knowledge 
via observation. It remains that these results concern the procedural actions toward the object rather 
than the sequential  steps leading to achieve a goal. These findings are of obvious interest for further 
understanding of specific learning disabilities in D can learn. A paper is in progress reporting these 
first results.   

 
A Comparison of condition without training to the condition with imitation training in low-
functioning children with ASD matched on developmental age indicates a trend toward higher 
improvement of manipulation scores in the condition with imitation training, but we need more data 
to conclude; 
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II.  Future work and projects 
As neither deviations from the project workprogramme nor corrective actions were taken, we plan to 
go on with our previous workprogramme, adding collaborative interactions with other MATHESIS 
partners. 

 
Our work is now oriented in four directions: 
 
1/Complete the infant and ASD studies.  
2/ Compare our typically-developing infants to children with autism matched on developmental age 
on two tasks: the common task (“hole” task) and the Box task designed for children with ASD, 
which will be adapted in size for the eighteen-month-old typically developing infants. 
3/ Continue the collaboration started with our Italian partners (Claudio Galleti and Patrizia Fattori): 
one of their macaques was already tested with the task designed for infants aged 9 to 18 months. Two 
other macaques will be tested in December, adding the Box task which will be specially adapted in 
size for the macque’s hand.  
4/ Strengthen the starting collaboration with John Taylor and Matthew Hartley at King’s College 
London (two meetings are planned to fulfil this objective). 
5/ Write individual and collaborative papers, disseminate knowledge in international conferences and 
workshops: 
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Deliverable D2.2 (24 months) 

Report on V6A motor responses and on the modulation of V6A neurons by the availability of 
visual information for action guidance. 
(UNIBO, Responsible Claudio Galletti) 

 
Modulation of V6A neuronal activity during reaching-to-point and reaching-to grasp-actions 
 
Reaching-to-grasp entails two partially distinct motor processes: the 'transport' phase (reaching), in 
which the arm moves towards the object to be grasped, and the 'grasping' phase, in which, shaping 
and orientation of the hand is adapted to the form and orientation in space of the object to be grasped. 
Our group has demonstrated the direct involvement of area V6A in the execution of arm reaching 
movements (Fattori et al., Eur J Neurosci: 13, 2309-2313, 2001). However, the involvement of area 
V6A in the control of grasping movements is uncertain. To this end we studied the discharge of V6A 
neurons during the execution of reaching-to-point and reaching-to-grasp tasks. 
 

 
Figure 1: Scheme of the experimental set-up. 

Reaching movements were performed in darkness, from a 
home-button (black rectangle) towards a target (open circle) 
located on a panel in front of the animal. 

The sequences of status of the home-button (HB), target button 
(TB), and of the colour the target button (LED) are shown. 
Lower and upper limits of time intervals are indicated above 
the scheme. Under the scheme, typical examples of eye-traces 
(X and Y components) and neural activity during a single trial 
are shown. Short vertical ticks are spikes. Long vertical ticks 
among spikes indicate the occurrence of behavioural events 
(markers). From left to right, the markers indicate: trial start 
(HB press), target appearance (LED light-on green), go-signal 
for outward movement (green to red change of LED light), 
start and end of outward movement (HB release and TB press, 
respectively), go-signal for inward movement (LED switching 
off), start and end of the inward movement (TB release and 
HB press, respectively), and end of data acquisition. 

Rectangles under neural activity indicate the time epochs referred to behavioural events. FREE: reference activity at rest; 
FIX: delay preceding reaching movement where gaze direction and arm movement are constant; M1: outward reaching, 
indicated by the arrow pointing to the right; HOLD: time of hand holding on the reached target; M2: inward reaching, 
indicated by the arrow pointing to the left. 

 
Extracellular recordings from cortical area V6A were performed in 2 Macaca fascicularis. The 
monkeys were trained to perform a reaching-to-point task (illustrated in Fig 1) and a reaching-to-
grasp task under controlled conditions. In the reaching-to-point task, monkeys had to press a button 
in a panel located in front of them; in the reaching-to-grasp task the animals grasped a handle located 
in the same spatial location. The handle could be oriented at four different angles thus evoking 
different wrist orientations for its grasping. The monkeys performed movements with the 
contralateral arm and with the head restrained, while maintaining steady fixation in darkness. All 
tasks were performed in a complete darkness, with the only exception of the fixation point. 
One hundred V6A neurons were tested in both tasks. We analyzed neural activity during the 
following period: (i) the delay before movement execution, (ii) transport and grasping phases of 
movement, (iii) hand holding and (iv) return movements. About 75% of cells showed different 
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activations in the 2 tasks. The majority of them (about 60%) showed higher activity during reach-to-
grasp rather than during reach-to-point. An example cell is shown in Fig. 2. This cell was excited 
during reach-to-grasp action (Fig 2B), whereas its activity was not modulated during the execution of 
the reach-to-point movement (Fig 2A). In both cases, the direction of reaching was the same (straight 
ahead). However, in the reach-to-grasp task (Fig. 2B) the monkey had also to preshape the hand to 
grasp the handle and to flex its fingers to secure the grip. Therefore, any difference in neural activity 
between the two tasks could be attributed to the grasping action, because the direction of the reaching 
movement was the same. 
 

 
Figure 2: 

Reach-to-point and reach-to-grasp 
activities in a V6A neuron. 
 
Top: sketch of the final hand position 
in the reach-to-point (A) and reach-to-
grasp (B) tasks.  
 
Bottom: Activity has been aligned 
twice, with the onset of forward and 
backward arm movements, 
respectively. Peri-event time 
histograms: binwidth = 20 ms; 
vertical bar on histograms: 55 
spikes/s; eye traces: 60 
degrees/division. 
 
 
 
 

 
The discharge of the V6A cells during the grasping of the handle in different orientations was also 
studied. Wrist orientation affected 45% of the neuronal population during planning, 48% during 
reach-to-grasp execution, 44% during hand holding and 40% during return movements. Examples of 
neurons, whose discharge was affected by wrist orientation, are presented in Figs. 3, 4 and 5. The 
cell shown in Fig. 3 is modulated by wrist orientation during the execution of reach-to-grasp 
movements (epoch M1, movement), the cell in Fig.4 during holding of the object, and the cell in Fig. 
5 during both epochs. Note that in this last case, M1 and HOLD modulations are not congruent. 
During the reaching-to-grasp (epoch M1), the discharge of the cell is higher for the horizontally 
oriented handle, whereas during the holding, the discharge is higher for the vertically oriented 
handle. 
 

Figure 3: Reach-to-grasp 
activity with different wrist 
orientations. Modulations in 
epoch M1. 

Activity of a single cell is shown 
as 3 superimposed spike density 
functions, all aligned with the 
onset of M1. Green: vertical 
handle; black: oblique handle; 
red: horizontal handle. 
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Figure 4: Effect of wrist orientation on HOLD activity. All details are as in Fig. 2. 

 
 
 
 

 
Figure 5: Effect of wrist orientation on M1 and HOLD activities. All details are as in Fig. 2. 

 
 
Our data demonstrate that neurons of area V6A are modulated in all phases of reaching and grasping 
actions: movement preparation, transport of the arm toward the object, wrist orientation and grip 
formation, holding of the object. 
 

Modulation of V6A neurons by the availability of visual information for action guidance 
 
To study the modulation of V6A neurons by the availability of visual information for guidance, we 
recorded neural activity during the execution of reaching movements with and without visual 
information. The context, as well as, the spatial and temporal constraints of the movement in the two 
guidance conditions, were similar. During the performance of the task without visual information, 
only the target was visible. Illumination was such that the monkey could see neither its moving arm, 
nor the surrounding environment. The temporal events of the task are summarized in Fig. 1. We 
recorded 225 V6A neurons from 2 animals. We focused our analysis on the action epochs: forward 
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reaching movements, holding of the hand on the target and return movement toward the body. When 
the entire reach-to-point action is considered, 45% of neurons (N=102) were modulated neither in the 
presence nor in the absence of visual inputs, whereas the remaining 55% (N= 122) were action-
related. Out of them, the majority (78%, N= 80) displayed higher discharge when visual information 
was available (example neuron is presented in Fig. 6), whereas the remaining (22%, N=42) displayed 
higher discharge when visual information was absent. 
 

 
 

Figure 6: Effect of visual background on neuronal 
activity. Activity of one cell is shown as two 
superimposed spike density functions (red: light; black: 
dark). Confidence bands: standard error of the mean. 
Alignement: onset of M1. 

 
 
 
 

When the reaching movements were directed towards targets located in different spatial locations, 
the availability of visual information affected the neural activity in different ways. Some cells were 
more active in the presence rather than in the absence of visual information (see example in Fig. 7); 
other cells displayed the reverse activity pattern (see example in Fig. 8). 
 

  
Figure 7: Effect of visual information on a single cell studied when the monkey performed reaching movements 
towards targets located in 5 different spatial locations, as sketched in the top left scheme. All details are as in Fig. 6. 
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Figure 8: Effect of visual information on action-related discharges: Dark environment elicits stronger discharge in 
2 out of 5 target positions in M1 epoch. All details are as in Fig. 6. 

 
In 31 neurons we quantified the influence of the visual input on individual movement epochs. When 
only the central position of the target was taken into account, the neural activity was affected by the 
availability of visual information as follows: during forward reaching movement in 64% of the cells 
(N= 20), during HOLD in 55% of the cells (N= 17) and during return reach movement in 49% of the 
cells (N= 15). When more than one target positions were tested, the majority of neurons displayed 
higher activity always in the same condition for all 3 epochs (Fig. 9). However, in some cases the 
modulations by the availability of visual information varied in the different target positions (Figs. 7 
and 8). 
 
 
 

 
Figure 9: Complex modulations of visual information on the action-related discharges. All details are as in Fig. 6. 
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Table 1: Modulation pattern of the activity of the V6A neuronal population according to epochs and 
availability of visual information. 
 

 Forward Reach Hold Return Reach 
light > dark 16 (52%) 10 (32%) 15 (48%) 
dark > light 5 (16%) 8 (26%) 5 (16%) 
incongruent effect of 
light across positions 

5 (16%) 10 (32%) 6 (20%) 

no modulation 5 (16%) 3 (10%) 5 (16%) 
total 31 31 31 

 
These results underline the important role of V6A in somatosensory and visual guidance of action. It 
is evident that the modulation of activity due to the availability of visual information is integrated in 
a complex way with the motor and somatosensory related information. 
 
 

Cortico-cortical connections of area V6A 
 
To elucidate the connections of area V6Ad with other cortical areas, we injected neuronal tracers in 
different parts of V6Ad. The four cases employed cover the entire extent of V6Ad (Fig. 10). 
 
 

 
 

Figure 10: Summary of locations of injection sites. 

 
 
Posterior (A) and postero-mesial (B) views of the surface-
based 3D reconstructions of the ATLAS brain with the 
locations of the injection sites. In A the posterior part of the 
occipital lobe was cut off in order to visualize the entire 
extent of the anterior bank of POs. 
 
 
 
 
 
Bi-dimensional reconstruction (C) of the ATLAS brain of 
the parieto-occipital region of the left hemisphere where the 
POs is located, with the locations of the injection sites.  
In all these views each injection site is represented with the 
"halo" zone in white and with the "core" zone in black. The 
dashed contour represents the mediated cytoarchitectonic 
border of area V6Ad of cases included in this work. 
 
 

 
 
Our data demonstrate that area V6Ad is connected heavily with areas of the superior parietal lobule, 
the mesial cortex of the hemisphere, the intraparietal cortex, the inferior parietal lobule, and the 
frontal cortex, namely PEc, PGm, MIP, PG, and F2, respectively, as well as, with the visual area 
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MST (Fig. 11). All these areas, including V6Ad, are known to contain visual-, somatosensory-, as 
well as reaching/grasping-related neurons. It has been suggested that these areas are involved in the 
control of arm/hand movements. Additionally, V6Ad is connected with areas LIP, OPT, area 23, and 
FEF which are involved in the control of eye movements as well as in attentional processes. 
Interestingly, many of the areas sending projections to V6Ad are activated during observation of 
grasping (Raos et al, J Neurosci 27:12675-12683, 2007). 
 
 

 
Figure 11: Strength of V6Ad cortical 
connections. 

 
 
Average of the percentage of labeled 
cells over than 1% obtained after 
injections in different parts of area 
V6Ad in the 4 cases injected. The 
cortical connections were segregated in 
"groups of areas" on the basis of the 
anatomical location. 
 
 
 
 
 
 
 
 

 
A manuscript with the anatomical data is ready for submission. 
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Deliverable D2.3 (24 months) 

Report on V6A cortical areas activated for grasping observation and their comparison with the 
effects induced by grasping execution. 

(FORTH/IACM, Responsible Helen Savaki) 
 
 

Frontal and parietal cortical areas activated during action execution and observation. 
 
We used the 14C-DG quantitative autoradiographic method to obtain high-resolution functional 2-D 
maps of the lateral and medial frontal cortex, the parietal operculum, the intraparietal cortex and the 
parieto-occipital cortex during grasping-execution and grasping-observation. For the reconstruction 
of the map of each cortical area, arrays of local cerebral glucose utilization values (LCGU) were 
obtained from about 1000 serial horizontal sections of 20 μm thickness from each hemisphere of 
each monkey. To allow comparison of the maps despite the inter- and intra-hemispheric variability, 
each individual map was further processed to match a reference map generated by averaging the 
position of cytoarchitectonic and surface landmarks of all maps. The reference maps of the analyzed 
cortical areas are presented in Figures 1-5. 
 
 
 

 
Figure 1: Schematic representation of the geometrically normalized reconstructed lateral-frontal cortex and 
central sulcus. The central sulcus and the posterior bank of the arcuate sulcus are unfolded. The shaded area on 
the lateral view of the left hemisphere of a monkey brain indicates the reconstructed cortex. 

 
 
 

 
Figure 2: Schematic representation of the geometrically normalized reconstructed medial-frontal cortex with the 
cingulate sulcus unfolded. The shaded area on the medial view of the right hemisphere of a monkey brain 
indicates the reconstructed cortex. 
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Figure 3: Schematic representation of the geometrically normalized reconstructed parietal cortical convexity. The 
postcentral dimple is unfolded. The shaded area on the lateral view of the left hemisphere of a monkey brain 
indicates the reconstructed cortex. 

 
 
 

 
Figure 4: Schematic representation of the geometrically normalized reconstructed intraparietal cortex. At the 
postero-lateral view of the partially dissected left hemisphere of a monkey brain, the inferior parietal lobule was 
cut away at the level of the posterior crown of the IPs, the occipital lobe was also cut away at the level of the 
fundus of POs and lunate sulcus, and the IPs was unfolded. Shaded area represents the reconstructed medial 
(upper) and lateral (lower) banks of the cortex. 

 
 
 

 
Figure 5: Schematic representation of the geometrically normalized reconstructed parieto-occipital cortex. 
Postero-lateral view of the partly dissected left hemisphere of a monkey brain with partial view of its mesial 
surface. The inferior parietal lobule was cut away at the level of the fundus of the IPs to show the cortex of the 
medial bank of this sulcus. The occipital lobe of the same hemisphere was also cut away at the level of the fundus 
of the POs and the lunate sulcus to show the cortex of the anterior bank of POs. Shaded area represents the 
reconstructed cortex including part of the medial bank of IPs, the anterior bank of POs and the adjacent part of 
the medial parietal cortex. 
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Geometrically normalized maps were averaged to generate average LCGU maps as follows: 
1. the two hemispheres of the arm-motion control (Cm) monkey 
2. the left hemispheres (ipsilateral to the moving forelimb) of the two grasping execution (E) 

monkeys. 
3.the right hemispheres (contralateral to the moving forelimb) of the two grasping execution (E) 

monkeys. 
4.the left hemispheres of the three grasping observation (O) monkeys. 
5.the right hemispheres of the three grasping execution (O) monkeys. 

The metabolic changes specifically related to grasping execution and grasping observation, have 
been determined by comparing the effects induced in the E and the O monkeys with those in the Cm 
monkey. To illustrate the percent LCGU differences (net effects) between the experimental monkeys 
(E, O) and the Cm, we generated images using the formula (Exp-Cm)/Cm*100 for each one of the 
cortical areas analyzed. The cortical areas activated during both execution and observation, have 
been determined by comparing the net effects of execution with the net effects of observation. 
 

Activations induced by execution of grasping 
 

Dorsal and ventral premotor areas activated for execution of grasping movements include the 
proximal forelimb representation of F1-convexity, F2-forelimb region, F5-bank and F5-convexity, in 
addition to the forelimb representations in the SI and the MI/F1 of the central sulcus (Fig 6 Table 1). 
 

Figure 6: Map of net execution-induced activations 
in the lateral frontal cortex and the central sulcus, 
averaged from the right hemispheres (contralateral 
to the moving forelimb) of the two grasping-
execution monkeys. 
 
Medial frontal and cingulate areas activated 
for execution of grasping movements include 
areas F3/SMA-proper, F6/pre-SMA, CMAd, 
CMAv, CMAr, 8m, 9m, 24, 23, and SSA (Fig 
7, Table 1). Most of the lateral and medial 
frontal activated regions were found in the 
hemisphere contralateral to the grasping hand. 
 

 

 
Figure 7: Map of net execution-induced activations in the medial frontal cortex and the cingulate sulcus, averaged 
from the right hemispheres (contralateral to the moving forelimb) of the two grasping-execution monkeys. 
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Figure 8: Map of net execution-induced activations in the parietal 
convexity, averaged from the right hemispheres (contralateral to 
the moving forelimb) of the two grasping-execution monkeys. 

 
Superior parietal areas activated for execution of grasping 
movements include the widespread forelimb representation 
of S1-convexity and area PEc contralaterally to the 
grasping forelimb, as well as area PE-lateral 
(corresponding to the forelimb representation in area 5) and 
PE-medial (corresponding to the trunk representation of 
area 5) bilaterally (with more marked the contra- than the 
ipsilateral activations). Also bilaterally activated was found 

the trunk representation of area 2 around the postcentral dimple (pcd) of only the E monkeys, 
whereas unaffected remained the mouth representation of the SI-convexity at the ventralmost part of 
the reconstructions. Inferior parietal areas activated for execution of grasping include the 
contralateral PF, PFG and PG (Fig. 8, Table 2). 
 
 

Figure 9: Map of net execution-induced activations in the 
medial and lateral bank of IPs, averaged from the right 
hemispheres (contralateral to the moving forelimb) of the two 
grasping-execution monkeys. 
 
Areas activated for execution of grasping in the medial 
intraparietal bank include the anterior and middle PEip 
and the dorsal and ventral MIP contralaterally to the 
grasping forelimb, as well as the 5VIP and the 5IPp 
bilaterally. In the lateral intraparietal bank, areas 
activated for execution of grasping include the AIP, the 
dorsal LIP and the 7VIP bilaterally, with the 
contralateral activations more marked than the 
ipsilateral ones (Fig. 9, Table 2). 
 

 
 

 
Figure 10: Map of net execution-induced 
activations in the anterior bank of POs and the 
adjacent part of the medial parietal cortex, 
averaged from the right hemispheres (contralateral 
to the moving forelimb) of the two grasping-
execution monkeys. 

 
 

Execution of grasping activated a portion of area V6 around the medial crown of the POs bilaterally, 
in the dorsal V6A contralaterally to the grasping hand, as well as in the PGm/7m and the 
retrosplenial cortical areas 29 and 30 bilaterally (Fig. 10, Table 2). 
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Activations induced by observation of grasping 

 
 

 
Figure 11: Map of net observation-induced 
activations in the lateral frontal cortex and the 
central sulcus, averaged from the right hemispheres 
of the three grasping-obserevation monkeys. 

 
Observation of grasping induced increased 
metabolic activity in lateral-frontal areas, such 
as the F7, F2-forelimb, F5-bank and F5-
convexity, in addition to the SI-forelimb 
region and to the distal (but not proximal) 
forelimb representation in MI/F1 (Fig 11, 
Table 1). 

 
 
 
Observation induced activations were also found in medial cortical areas, such as the F6/pre-SMA, 
9m, 8m, 24 and SSA (Fig 12, Table 1). Most of the activations were found to be bilateral. 

 
Figure 12: Map of net observation-induced activations in the medial frontal cortex and the cingulate sulcus, 
averaged from the right hemispheres of the three grasping-observation monkeys. 

 
 
 

 
Figure 13: Map of net observation-induced activations in the 
parietal convexity, averaged from the right hemispheres of the 
three grasping-execution monkeys. 

 
In the parietal-convexity cortex, observation-induced (net) 
activations are apparent in SI convexity-forelimb 
representation and area PEc of the right hemispheres, as 
well as in area PE-lateral (or 5-forelimb) and PF bilaterally 
(Fig 13, Table 2). 
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Figure 14: Map of net observation-induced activations in the 
medial and lateral bank of IPs, averaged from the right 
hemispheres of the three grasping-execution monkeys. 

 
Observation-induced activation is apparent in medial 
intraparietal areas such as the middle PEip and the 
dorsal and ventral MIP of the right hemispheres, as well 
as in the anterior PEip and the 5VIP bilaterally. 
Observation-induced activations also include the lateral 
intraparietal areas AIP of the left hemispheres and the 
7VIP bilaterally (Fig 14, Table 2). 
 
 

 
 
 
Figure 15: Map of net observation-induced 
activations in the anterior bank of POs and the 
adjacent part of the medial parietal cortex, 
averaged from the right hemispheres of the three 
grasping-observation monkeys. 

 
In the POs maps, observation-induced 
activations are apparent bilaterally in the 

same part of area V6 which was affected by execution, and in areas PGm/7m, 31, and 29/30 of the 
retrosplenial cortex (Fig 15, Table 2). 

 
Superimposition of activations induced by grasping execution and grasping observation 

 
When spatially analyzed, the activations induced by observation of grasping movements were found 
to largely overlap those induced by execution of the same movements within the lateral frontal (Fig. 
16), medial frontal (Fig. 17), parietal convexity (Fig. 18), intraparietal (Fig. 19) and parieto-occipital 
(Fig. 20) cortical maps of activity. In figures 16-20, red, green and yellow correspond to execution-
induced, observation-elicited and common activations, respectively. 
 

 
Figure 16 Superimpostion of net execution-induced 
and observation-induced activations in the lateral 
frontal cortex and the central sulcus. 
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Figure 17 Superimposition of net execution-induced and observation-induced activations in the medial frontal 
cortex and the cingulate sulcus. 

 
 

 
 

Figure 18 Superimposition of net execution-induced and observation-
induced activations in the parietal convexity. 

 
 
 
 
 
 
 

 
 

 
 

 
Figure 19 Superimposition of net execution-induced and 
observation-induced activations in the medial and lateral bank 
of IPs. 

 
 
 
 
 

 
 

 
 
Figure 20 Superimposition of net execution-
induced and observation-induced activations in the 
anterior bank of POs and the adjacent part of the 
medial parietal cortex. 
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Intensity and lateralization of activations 
 

In general, activations induced by observation were bilateral whereas those induced by execution 
were contralateral to the moving forelimb. The plots in figure 21 represent differences in the 
forelimb representations of the dorsal premotor and the primary sensory-motor cortices along the 
ribbon highlighted in the schematic representation of the reconstructed cortex. In the left 
hemispheres of the two E monkeys ipsilateral to the grasping hand, activity of all cortical areas is 
similar to that of the corresponding areas in the Cm (Fig. 21, dotted red line fluctuates around 0%).  
 
 

 
Figure 21: Plots of percent LCGU differences along the rostrocaudal extent of the forelimb representations in the 
dorsal premotor (F7, F2) and the primary sensory-motor (F1/MI, SI) cortices (along the ribbon highlighted in the 
drawing at the left). 

 
In contrast, significantly larger activations were found within the premotor and primary sensory-
motor cortices of the hemispheres contralateral to the grasping hand (Fig. 21, solid red line) resulting 
in a pronounced side-to-side difference in the E monkeys. Interestingly, the corresponding side-to-
side difference in the O monkeys is much smaller (Fig. 21, distance between the solid and the dotted 
green lines). Consequently, the sensory-motor activations induced by action execution are mostly 
contralateral to the moving forelimb, in contrast to those elicited by action observation which are 
mainly bilateral (see also Table 1). Moreover, in the O monkeys the primary sensory-motor cortex is 
less activated, whereas the dorsal premotor is more activated, than the corresponding areas of the 
affected hemisphere (contralateral to the moving forelimb) of the E monkeys (Fig. 21, Table 1). 
 
The plot in figure 22 represents differences in the inferior parietal cortex along the ribbon highlighted 
in the schematic representation of the reconstructed cortex. In the left hemispheres of the two E 
monkeys ipsilateral to the grasping hand (dotted red line), activity is similar to that of the 
corresponding areas in the Cm (fluctuates around 0%). In contrast, significantly larger activations 
were found within areas PF, PFG and PG (but not Opt) of the hemispheres contralateral to the 
grasping hand (Fig. 22, solid red line), resulting in a pronounced side-to-side difference in the E 
monkeys. Interestingly, there is no side-to-side difference in the activated PF of the O monkeys (Fig. 
22, distance between the solid and the dotted green lines within PF). Consequently, the inferior 
parietal activations induced by action execution are contralateral to the grasping forelimb, in contrast 
to the PF activation elicited by action observation which is bilateral (see also Table 2). 
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Figure 22: Plots of percent LCGU differences along the rostrocaudal extent of the inferior parietal cortex (along 
the ribbon highlighted in the drawing at the left). 

 
Activations with the same lateralization and intensity profile have been observed also in intraparietal 
and parieto-occipital cortices. We suggest that these differences in intensity and lateralization of 
activations between the executive and the perceptual networks, along with the areas activated 
exclusively for either execution or observation, are responsible for attribution of the action to the 
correct agent, i.e. to the ‘self’ during action execution and to the ‘other’ during action observation. 
Accordingly, the ‘sense of agency’ could be articulated within the core components of the circuitry 
supporting action execution/observation. 
 
 
 
 
 
 
 
The above mentioned results are extensively described in our 2 most recent publications: 
 
Raos V., Evangeliou M.N., Savaki, H.E.: Mental simulation of action in the service of action 
perception. Journal of Neuroscience 27, 12675-12683, 2007 
 
Evangeliou M.N., Raos V., Galletti, C., Savaki, H.E.: Functional imaging of the parietal cortex 
during action execution and observation. Cerebral Cortex, submitted. 
 
The last publication is the product of collaborative work between IACM and UNIBO 
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Table 1: Metabolic effects in frontal cortical areas of the monkey brain 
 

 
n, number of sets of five adjacent horizontal sections used to obtain the mean local cerebral glucose utilization (LCGU) values 
(in μmol/100g/min) for each region. Cm values represent the average LCGU values from the two hemispheres of the motion-
control monkey. El and Er values represent the average LCGU values from the two left and the two right hemispheres of the 
grasping-execution monkeys, respectively. Ol and Or values represent the average LCGU values from the three left and the 
three right hemispheres of the grasping-observation monkeys, respectively. SD, standard deviation of the mean. El/Cm, Er/Cm, 
Ol/Cm, Or/Cm, percent differences between El, Er, Ol, Or and Cm, respectively, calculated as (experimental-
control)/control*100. pcd, postcentral dimple; (max), LCGU value in the region of maximal effect. Values in bold indicate 
statistically significant differences by the Student’s unpaired t test at the level of P < 0.001. 

Cortical area n Cm 
LCGU±SD 

El 
LCGU±SD 

Er 
LCGU±SD 

Ol 
LCGU±SD 

Or 
LCGU±SD 

El/Cm 
(%) 

Er/Cm 
(%) 

Ol/Cm 
(%) 

Or/Cm 
(%) 

Primary somatosensory & motor areas 
SI-forelimb (central sulcus) 98 61±2 62±3 76±5 64±3 68±3 2 25 5 11 
SI-forelimb (max, central sulcus) 24 60±2 61±2 77±3 69±1 72±2 2 28 15 20 
SI-trunk (central sulcus) 80 66±3 69±4 75±4 70±5 70±6 5 14 6 6 
SI-hindlimb (medial cortex) 65 58±2 58±3 59±2 57±2 58±2 0 2 -2 0 
F1-forelimb (central sulcus) 103 56±3 55±4 66±3 58±4 61±5 -2 18 4 9 
F1-forelimb (max, central sulcus) 28 57±1 58±1 71±2 61±1 63±1 2 25 7 11 
F1-forelimb convexity 65 51±1 50±2 58±2 50±1 54±2 -2 14 -2 6 
F1-trunk (central sulcus) 80 63±4 61±2 65±3 67±7 65±5 -3 3 6 3 
F1-trunk convexity 42 51±2 53±2 54±1 52±1 52±1 4 6 2 2 
F1-hindlimb (medial cortex) 65 52±3 54±3 54±4 52±2 52±2 4 4 0 0 
Lateral premotor areas (dorsal) 
F7  60 45±1 44±5 47±4 49±2 50±1 -2 4 9 11 
F2-forelimb 48 45±3 46±2 51±2 49±2 52±2 2 13 9 16 
F2-forelimb convexity 47 46±3 46±2 51±1 48±1 52±3 0 11 4 13 
F2-forelimb bank 32 45±3 44±3 51±3 50±2 54±1 -2 13 11 20 
F2-hindlimb convexity 42 52±4 53±6 55±4 52±2 50±2 2 6 0 -4 
Lateral premotor areas (ventral) 
F5 bank 98 54±2 56±3 59±3 62±3 62±2 4 9 15 15 
F5 bank dorsal 40 53±3 53±1 56±2 59±1 61±2 0 6 11 15 
F5 bank ventral 58 54±2 58±2 61±1 64±2 62±2 7 13 19 15 
F5 convexity 65 55±4 61±5 62±2 59±2 59±2 11 13 7 7 
F5 convexity (max) 33 53±2 64±4 64±1 59±1 59±2 21 21 11 11 
F4 76 66±3 65±5 65±5 65±3 67±4 -2 -2 -2 2 
Medial cortical areas (dorsal convexity) 
9m convexity anterior 49 41±2 48±1 50±1 43±1 45±2 17 22 5 10 
9m convexity posterior 22 47±1 49±1 50±1 47±1 46±1 4 6 0 -2 
8m (max) 24 48±1 53±2 57±4 55±1 52±1 10 19 15 8 
F6/pre-SMA (max) 24 55±2 58±1 62±3 60±1 58±3 5 13 9 5 
F3/SMA-proper (max) 31 50±2 51±2 54±1 52±1 53±1 2 8 4 6 
Cingulate sulcus (dorsal bank) 
24d anterior 43 41±2 47±2 50±2 49±2 48±2 15 22 20 17 
24d middle 41 56±2 56±3 50±4 55±2 51±1 0 -11 -2 -9 
24d posterior (dCMAr) 28 55±2 59±1 62±2 57±1 56±2 7 13 4 2 
23d 33 49±2 49±4 53±3 50±2 52±3 0 8 2 6 
23d anterior (CMAd) 33 51±2 50±6 57±3 52±3 54±2 2 12 2 6 
SSA dorsal bank 53 46±3 55±4 56±2 52±2 54±4 20 22 13 17 
Cingulate sulcus (ventral bank) 
24c anterior 33 45±3 50±2 50±3 50±3 50±3 11 11 11 11 
24c middle 37 49±3 53±2 59±2 54±3 53±5 8 20 10 8 
24c posterior (vCMAr) 28 50±3 52±6 54±6 52±3 50±5 4 8 4 0 
23c (CMAv) 30 42±2 46±2 50±3 45±1 45±1 10 19 7 7 
SSA ventral bank 77 44±4 46±3 48±1 46±1 46±2 5 9 5 5 
Medial areas (ventral convexity) 
24ab anterior 51 34±2 36±3 38±2 40±1 40±2 6 12 18 18 
24ab posterior 51 40±2 40±2 45±3 44±1 43±2 0 13 10 8 
23ab 69 42±3 43±4 47±2 43±3 45±2 2 12 2 7 
31 103 43±2 42±2 45±2 44±2 46±2 -2 5 2 7 
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Table 2: Metabolic effects in parietal cortical areas of the monkey brain 
 

 
 
 

Cortical area n Cm 
LCGU±SD 

El 
LCGU±SD 

Er 
LCGU±SD 

Ol 
LCGU±SD 

Or 
LCGU±SD 

El/Cm 
(%) 

Er/Cm 
(%) 

Ol/Cm 
(%) 

Or/Cm 
(%) 

Superior parietal lobe 
SI convexity – pcd 32 52±1 62±3 61±2 54±1 55±1 19 17 4 6 
SI convexity - forelimb 48 56±3 55±5 65±4 56±4 61±3 -2 16 0 9 
SI convexity – forelimb (max) 20 53±2 53±2 65±2 57±2 63±2 0 23 8 19 
PE lateral (5-forelimb) 17 49±1 53±1 57±1 53±2 53±1 8 16 8 8 
PE medial 31 44±1 48±1 51±2 47±1 46±1 9 16 7 5 
PEc 28 43±1 44±2 50±1 45±1 47±1 2 16 5 9 
Medial intraparietal bank 
PEip anterior 102 49±2 52±2 60±2 54±2 57±1 6 22 10 16 
PEip middle 73 48±1 48±2 56±2 50±2 54±1 0 17 4 13 
PEip posterior dorsal (MIPd) 37 46±1 48±1 52±2 47±2 52±1 4 13 2 13 
PEip posterior ventral (MIPv) 35 48±1 49±3 57±2 49±1 52±1 2 19 2 8 
5IPp 53 53±4 65±4 67±4 56±4 56±4 23 26 6 6 
5VIP 28 47±1 52±1 54±1 54±1 54±1 11 15 15 15 
Lateral  intraparietal bank 
AIP 45 49±1 53±1 60±2 54±3 51±2 8 22 10 4 
LIP dorsal 82 51±2 55±4 58±5 52±5 54±3 8 14 2 6 
LIP ventral 82 52±2 50±6 53±7 51±5 54±5 -4 2 -2 4 
LOP/CIP 102 51±4 46±7 47±7 47±4 51±3 -10 -8 -8 0 
7VIP 19 52±1 59±1 62±1 61±1 61±1 13 19 17 17 
Inferior parietal lobe 
PF 44 45±2 45±2 50±2 50±2 50±1 0 11 11 11 
PFG 57 44±1 46±2 51±3 45±1 45±1 5 16 2 2 
PG 59 43±1 46±3 50±1 41±3 45±3 7 16 -5 5 
Opt 44 43±2 41±2 44±1 40±2 44±1 -5 2 -7 2 
Anterior parieto-occipital bank 
V6Ad 34 48±2 49±1 54±2 47±1 49±1 2 13 -2 2 
V6Av 80 51±1 47±2 52±2 49±2 51±1 -8 2 -4 0 
V6 (max) 18 47±2 51±4 51±2 55±3 52±3 9 9 17 11 
Medial parietal areas 
PGm/7m (max) 66 42±3 48±3 50±3 46±2 46±2 14 19 10 10 
31 (max) 72 39±1 40±2 41±1 42±1 42±1 3 5 8 8 
Retrosplenial cortex (29/30) 69 41±3 48±8 48±3 45±4 46±4 17 17 10 12 
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Ethical aspects and safety provisions 
 
 

All ethical review requirements and recommendations (as per ethical review report of 13 JULY 2005) 
have been met, and all required documents have been submitted to the EU before the initiation of the 
project. 
 

Briefly, the human studies which involve healthy infants and children with autism are carried 
out by the CNRS group following the ethical standards established in the Declaration of Helsinki 
(1964) and its successive emendations. Moreover, this research follows strictly the rules and 
recommendations published by the French National Bioethics Advisory Commission (revised form 
2004). It is also in total agreement with the ethical standards for research with children given by the 
Society for Research in Child Development (SRCD). CNRS has provided the EU with authorizations 
and consent forms: For infants’ experiments at La Salpetriere, copies of documents for insurance, 
acceptance of program by Comite Consultatif de Protection des Personnes dans la Recherche 
Biomedicale (CCPPRB). For low-functioning children with autism, copy of document allowing 
research to be done in the specific lab (number of site 10049S). Finally, copies of eight (8) 
information letters and consent forms have already been submitted to the EU, concerning the different 
populations of children. 

 
The monkey studies at FORTH-IACM comply with the Greek and European Union laws for 

the use of animals (Greek laws N.1197/81 and N.2015/92, Greek Presidential Decree 160/91 in 
compliance with the European Union Directive 86/609/EU). The Veterinary Office of the Prefecture 
(reporting to the Greek Ministry of Agriculture) has approved the animal resource center (certificate 
n.p. 1915/8-7-1999). The experimental protocols are approved by the National Veterinary authorities 
and the institutional (FORTH-IACM) animal use committees. FORTH-IACM has provided the 
Commission with copies of the approval of the experimental protocol from (i) the Prefecture, and (ii) 
the FORTH Ethics Committee; and the approval of the animal resource center (primate housing 
conditions) by the Veterinary Office of the Prefecture. Finally, the monkeys are housed one per cage 
according to the Greek law N.2015/86 which complies with the EU directive (all submitted to the EU). 

 
The monkey studies at UNIBO comply with the European Union Directive 86/609/EU. All the 

experimental procedures have been approved by the Bioethical Committee of the University of 
Bologna and authorized by Ministero della Salute (Decreti Ministeriali N° 101/2002C signed by the 
Direttore of the Dipartimento Sanità Pubblica Veterinaria, 28/6/2002). In addition, all procedures 
used have been approved and are controlled by the Central Veterinary Service of the University of 
Bologna. The primates used by the UNIBO group are located in the monkey stabularium at the Dept. 
of Human and General Physiology, authorized by Ministero della Salute with Decreto Ministriale N° 
155/99A, dated 2/12/1999. UNIBO has provided the Commission with copies of: (i) the approval of 
the experimental protocol from the University Ethics Committee, and (ii) the authorization from the 
Italian Ministry of Health. 
 
 


