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Summary of scientific research



Initially Prof. Wolf Singer's research concentrated on the physiology of thalamic transmission
(summarized in Phys. Rev., 1977). Subsequently it turned towards studies of the development and
the functional organization of the cerebral cortex using the visual system as a model. This led to a
number of discoveries concerning mechanisms of experience-dependent development and
synaptic plasticity (summarized in J. Exp. Biol., 1990, and Science, 1995). A new line of research
began with the discovery that neurons of the neocortex synchronize their responses within and
across cortical areas in a context and goal specific way. This finding has been interpreted as
support for the hypothesis that the brain might use synchronization of discharges as a mechanism
in order to select neuronal responses, to bind them together into functionally coherent assemblies
for joint interpretation and to dynamically associate neurons into specific functional networks.
Since then numerous experiments have been performed to test the predictions derived from this
hypothesis (reviewed in Annu. Rev. Physiol, 1993, Annu. Rev. Neurosci., 1995, Neuron,

1999, Trends Cogn. Sci., 2001, Neuron, 2006, Trends Neurosci., 2007). This work emphasizes the
dynamic nature of cortical processes and provides potential solutions for a wide range of
coordination functions related to parallel distributed processing. It was also observed that the
occurrence of synchronization is frequently associated with an oscillatory patterning of neuronal
responses. This established new links between measurements of oscillatory brain activity in
humans and micro-electrode investigations in animals. It also stimulated the search for oscillatory
phenomena in general and led to numerous discoveries of oscillatory activity in a wide variety of
brain structures of different species. The new approach to search for temporal relations among
distributed neuronal responses rather than merely their amplitude revealed that cortical and
subcortical networks exhibit surprisingly complex dynamics. It encouraged theoreticians in the field
of neuronal computation to apply the methods of non-linear dynamics for the analysis of artificial
networks and led to experimentation with models which use this putative coding strategy to
resolve problems of dynamic coordination in a host of cognitive and executive functions. Recently
this approach has been extended to clinical studies and revealed close correlations between
clinical symptoms and disturbances in synchronized oscillatory activity in psychiatric diseases
such as schizophrenia, autism and Alzheimer.
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