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	0. Introduction


Substantial progress has been achieved in the last decade regarding the role of the prefrontal cortex on several grounds: computational modeling, neuropsychology, neurosciences, and neuroimaging to mention but the most manifest. The complexity of the subject compels a diversity of standpoints and accordingly, the aim of the workshop was to propose an unambiguously multidisciplinary approach to the study of the prefrontal cortex.  In this sense, we invited Todd Braver from Washington University, Vittorio Gallese from Parma University, Etienne Koechlin from Pierre et Marie Curie University, Michael Kopelman from Kings College, London and Randall O'Reilly, from University of Colorado, Boulder who presented  different point of view on this matter. These different talks allowed us to have a very fruitful final discussion on the role of frontal cortex and working memory and finally, we have now a more global understanding of the role of the frontal cortex and goal-oriented units in the existence of mirror neurons.

	1. Partners


This workshop has been organized by both the MirrorBot European Project partners and the French CogniEst network which is a group of several laboratories involved in cognitive science. Its role is both to promote cognitive science in its multidisciplinary aspects by organizing conferences and workshop and also to structure and coordinate researches from the different partners by allowing several cooperations and projects among them.

	2. Organization


This workshop has been held at the Convention Center of Nancy and has gathered about a hundred people, corresponding to a half from the CogniEst network and, for non-CogniEst people, a quarter from France and a quarter (26 exactly) from Europe (considering the workshop last only one day, we could not expect too many people from outside Europe).

	3. Discussion


This workshop has been organized to allow researchers from all over Europe to confront ideas concerning the role of the prefrontal cortex (PFC) in the overall brain functioning. As an introduction, a general presentation has been given in order to underline the multidisciplinary approach of the workshop and to introduce the talks by the invited speakers.

That cortical structure, situated in front of the central sulcus, can appear as particularly interesting because it is the last structure that appears in the evolutionary process. Its widest extension is in the human brain (30% of the cortex) and its maturation lasts more than ten years and perhaps more. It is widely connected to other cortical and other extra-cortical structures. Concerning its functional roles (talk by T. Braver), the PFC has been presented as 

· involved into the organization of the temporal structure of behavior,

· a working memory, temporarily keeping active stimuli traces and preventing the organism from an immediate dependency to the environment,

· a memory of the future that anticipates and prepares actions (planning, reasoning).

It thus allows to eliminate irrelevant choices of actions (contention scheduling) and find a behavioral response to novel and complex situations. It performs reward optimization (reinforcement learning as opposed to associative learning) including drive and motivation. All these functions are related to the role of the PFC in action (talk by V. Gallese) as opposed to the perceptive role of the posterior cortex which allows action centered representations thanks to sustained activities. All these data has been collected from neuroimaging studies (talk by E. Koechlin) and also from clinical studies (talk by M. Kopelman) that particularly showed the behavioral consequences of frontal lesions. There is no impairments on classical tests of learning but there are consequences on everyday life observation (inadequate behavior leading to financial and social losses, planning and decision making impairments, lack of drives, instinct driven behavior). Specific tests like the Winsconsin card sorting test and other delayed response tasks have been judged more selective. From these multidisciplinary data one can propose interpretation and adapted models of the PFC (talk by R. O’Reilly) and try to understand such important features as the link between reasoning and drives, intelligence and action. A special part must also be devoted the interest of such a domain to application to autonomous robotics. 

After the talks a general discussion took place between the attendance and the speakers in order to better define the intrinsic role of the PFC and the role of its connections toward the posterior cortex, the hippocampus and the striatum. We have been warned about too simple views of the PFC. For example, the PFC is not a set of pointers toward the posterior cortex. Just asking where the memory is stored is a wrong question. Instead the following statements were underlined: functionalities are scattered in the PFC (multiple representations) and such representations due to multiple connections must be understood as gradient of representations. 

The dual view of complexity/flexibility of the task was also evoked: many difficult tasks can be compiled inside the posterior cortex and only maintaining information with regard to irrelevant distractor yields a need of the PFC. The distinction between the PFC and the posterior cortex can also correspond to the fact that the posterior cortex doesn’t have basal ganglia gating signal. Concerning the PFC and hippocampus, rapid learning can appear in both, but the substratum is not the same (neuronal vs synaptic representation) and the PFC is needed as many examples occur. The interest of modeling approaches and clinical studies were raised to draw the limits onto these hypotheses and the validity of the models with regard to their level of description was also discussed (precise biological model vs global cognitive model or somewhere in-between). 

Concerning clinical studies, the interest in studying Parkinson disease was raised and the respective limitations and interests of fMRI and electrophysiological techniques were discussed before concluding on the idea of combining both and also modeling techniques. Concerning this latter point and its link to autonomous robotics, it was underlined that working on such complex tasks with many dimensions is much more complex to evaluate than for example simple visual tasks. The general principle of embodied cognition was also mentioned as coming from neurosciences to enrich artificial intelligence and propose that simple mechanisms, parallel and interactive, can be sufficient to explain many emerging cognitive abilities. The workshop concluded that complex planning and language were clearly the two major topics targeted by this multidisciplinary approach and that major advances on these complex and major domains could be expected from this research.

Concerning our Mirrorbot project, this workshop was an productive opportunity to discuss our ideas with the European scientific community concerning the role of the prefrontal cortex in the existence of mirror neurons as presented by Vittorio Gallese during the workshop. More specifically, there seems to exist a tight link between mirror neuron activity and goal-related activity which is known to exist preferentially within the neurons of the PFC. Consequently, the final discussion of this workshop confirmed us in the idea that we can expect to find mirror-neurons related activity within a computational model that incorporates at least a frontal area.
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Substantial progress has been achieved in the last decade regarding the role of the prefrontal cortex
on several grounds: computational modeling, neuropsychology, neurosciences, and neuroimaging
to mention but the most manifest. The complexity of the subject compels a diversity of standpoints.
Accordingly, the aim of the present workshop is to propose an unambiguously multidisciplinary
approach to the study of the prefrontal cortex. We wish to set off fruitful discussion on how to bridge
the gap among different perspectives, by presenting data from diverse fields of research. We think
that viewing together some of the multifarious facets of the work on the prefrontal cortex may help to
improve our attempts to understand its role.

Invited Speakers Organized by

Todd Braver, Washington University

Vittorio Gallese, Parma University

Etienne Koechlin, Pierre et Marie Curie University
Michael Kopelman, Kings College, London
Randall O'Reilly, University of Colorado

Frédéric Alexandre, Loria, Nancy University

Lilianne Manning, Louis Pasteur University,Strasbourg
Nicolas Rougier, Loria, Nancy University

Julien Vitay, Loria, Nancy University
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Figure 1. Original poster of the workshop
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