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The Topic

The last decades of the 20th Century saw a rapid convergence between theoretical biology, neuronal modeling, functional brain imaging and cognitive science in an unparalleled examination of the relationship between the mechanisms of the brain and the workings of the mind. The advent of novel scanning technologies (e.g. PET, fMRI and EEG) and the development of new research methodologies have allowed to measure physiological parameters related to brain functioning in tightly controlled experimental paradigms. This line of research has generated a number of pathbreaking empirical examinations of the workings of the brain in various cognitive, attentional and emotional states. However, after the first wave of excitement, there is now a strong need for defining a theoretical foothold that will allow to relate the many diverse findings into a coherent theoretical and biological framework which may address a mechanistic understanding of the mind without abandoning basic insights into ‘what it is like to be human’.
An increasingly influential hypothesis is that predictive coding constitutes the fundamental functional and cognitive principle for the brain. Predictive coding is the idea that the representation of the environment requires that brain actively predicts what its sensory input will be, rather than just passively registering it.

This is a highly interesting hypothesis. It generalizes simple cybernetic models of prediction and control into a biological framework, This promises a synthesis across a number of different research fields ranging from biology and computational neuroscience to physiology, psychology, philosophy and anthropology. The model appears biologically plausible and is backed by anatomical and experimental evidence. From a cognitive point of view, it appears to break new ground in the understanding of a range of higher order phenomena for example, in object perception, context-dependence, action, social interaction, and psychopathology. From a biological point of view, it allows for an understanding of the relation between activity in individual brain regions (functional segregation) and the integration of activity into networks and ultimately the brain at large (functional integration). This allows a tentative answer to classic neurobiological questions concerning the relative priority of top-down modulation and bottom-up driving of representational content.

A number of research groups, in disciplines ranging from computational neuroscience, over neuroimaging, to philosophy and anthropology, are engaged in research on predictive coding. 

The intention of the proposed workshop is to bring these groups together to evaluate the prospects and perspectives for predictive coding in the science of the mind. This is a truly interdisciplinary effort, which may break new grounds in the understanding of the relation between the mind and the brain. We believe that KLI, with its strong theoretical biological research tradition and interdisciplinary research environment will be the ideal venue for such a project.

The Background

Cognitive science is an interdisciplinary effort that unites biology, neuroscience, AI research, psychology, linguistic and philosophy. A main aim is to explain how information processing systems, such as the human brain, can produce veridical representations of states of affairs in the environment (Dennett 1996). 

How can such systems come to a conclusion about what happens in the environment on the basis of the often ambiguous information given in sensory input? Different supervised or self-supervised systems have been suggested but all have significant problems: computationally, it is an immensely complex task work out the causes (objects in the environment) from the effects (sensory input). Predictive coding utilises bayesian conditional probability theory and engineering control systems (Kalman filters). The idea is that the system, rather than working backwards, tries to predict what the next sensory input will be, if a given hypothesis about its cause were correct. If the prediction holds good, it is probable that the hypothesis is correct. If there is discrepancy between the prediction and the actual input, then an error signal that allows learning and formation of better hypothesis is propagated up the system. Predictive coding comprises this computational system that builds on prediction and correction, and it allows for a dynamic understanding of the relationship between individual brain modules and the brain at large, between the level of the organism and that of neurons (Friston 2002a, 2002b, Kersten et al. 2004, Wolpert et al. 2003, Shultz 2000).

Much brain activity is characterised by patterns of interconnectivity between different areas of the brain. There is an increasing focus on interconnectivity, and with that also a wish to explore interconnectivity in brain imaging. Predictive coding involves causal relations between different areas of the brain and may be helpful in interpreting cognitive aspects of patterns of interconnectivity as well as in developing brain imaging techniques appropriate for interconnectivity.

The Research Context

A number of international research groups are currently working on cognitive research related to predictive coding. This includes research on: temporal and spatial properties of perception of objects in changing or ambiguous contexts; coding of spike trains in, e.g., music perception; bayesian models of sensorimotor control; bayesian models of intersubjective communication and theory of mind; prediction errors in major depression; forward modelling deficits in passivity symptoms in schizophrenia; brain imaging techniques for causal modeling; and the phenomenological aspects of core properties of predictive coding.
The workshop aims 

Leading representatives of these research groups are invited to participate in the conference. The objectives are: (i) Present the most recent research on predictive coding; (ii) Examine the  biological plausibility and putative underpinnings of a predictive coding approach (iii) Discuss the overall prospects and perspectives for predictive coding in the science of the mind: How broad is the range of mental phenomena that it can be used to explain? And what are the technical and principled problems and limits to the use of predictive coding in neuroscience? (iv) To prepare a critical overview of the predictive coding approach to the theoretical biology and cognitive science communities at large. 

Confirmed  speakers:

Professor K. Friston, Head of Functional Imaging Lab, Principal Investigator; Wellcome Dept. Cognitive Neurology, Institute of Neurology UCL, London.

Professor A. Gjedde, PET-Centre, University of Aarhus, Denmark

Professor R. Näätänen, CBU, Helsinki, Finland

Professor M. Raichle: St. Louis

Professor LK Hansen, Danish Technical University
Ass Professor Chris Elisasmith  Dep of Philosophy, Univ. Waterloo, Canada
Ass Professor A Roepstorff, CFIN & Dep. of Anthropology, Univ. of Aarhus, Denmark

Ass. Professor Peter Vuust, CFIN, Univ. of Aarhus & Royal School of Music, Aarhus, Denmark 

Ass. Professor Jakob Hohwy, Dept. of Philosophy, University of Aarhus
References:

Dennett, D. C. Kinds of Minds. NY: Basic Books. 1996.

Friston, K. 2002a. Functional integration and inference in the brain. Prog Neurobiol 68 (2), 113-143.

Friston, K. 2002b. Beyond phrenology: what can neuroimaging tell us about distributed circuitry? Annu Rev Neurosci 25, 221-250.

Hohwy, J. and Frith, C.D. 2004. Can neuroscience explain consciousness? Journal of Consciousness Studies 11 (7-8), 180-198.

Hohwy, J. and Rosenberg, R. In press. Unusual experiences, reality testing and delusions of alien control. Mind & Language.
Kersten, D, Mamassian, P, Yuille, A.  2004. Object perception as Bayesian inference. Annu Rev Psychol. 55:271-304
Roepstorff, A. and Frith, C.D. 2004. What's at the top in the top-down control of action? Script-sharing and 'top-top' control of action in cognitive experiments. Psychological Research 68, 189-198.

Roepstorff, A., Hohwy, J., Vuust, P., Overgaard, M. and Gjedde, A. 2004. Interaction between visual imagery and perception. Poster presented at 10th Annual Meeting of the Organization for  Human Brain Mapping, Budapest.
Schultz, W. and Dickinson, A. 2000. Neuronal coding of prediction errors. Annu. Rev. Neurosci.. 23:473–500.
Wolpert, D.M., Doya, K. & Kawato, M. 2003. A unifying computational framework for motor control and social interaction. Philosophical Transactions of the Royal Society 358: 593-602.

