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Oscillations and synchronization are fundamental processes in
many biological systems, from prokaryotes to humans on time-
scales that range from milliseconds to days (Winfree, 2001; Gil-
lette and Sejnowski, 2005). In nervous systems, synchronized os-
cillations are prevalent in active assemblies of neurons. They have
been recorded in a wide variety of species, from invertebrates to
humans. Although the function of some of these oscillations ap-
pears obvious, such as those related to breathing and locomotion,
the functions of others, such as those related to human cognition,
remain elusive. The human cortex generates oscillations in many
frequency ranges, as evidenced by electroencephalography
(EEG). Much progress has been made since the original descrip-
tion of the human EEG (Berger, 1929), and we are beginning to
understand the mechanisms underlying network oscillations in
the mammalian cortex. Recent experiments have shifted focus
from studying pacemaker mechanisms to studying the interac-
tion of multiple local oscillators and have revealed an important
role of GABAergic interneurons in such local network oscilla-
tions. These and other recent developments have been exten-
sively reviewed previously (Steriade et al., 1993; Steriade, 2000;
Buzsaki, 2002; Whittington and Traub, 2004; Mann and Paulsen,
2005; Somogyi and Klausberger, 2005). However, we are still far
from understanding the function of these oscillations. The com-
putational richness and evolutionary conservation of network
oscillations suggest that they are used in neural information pro-
cessing. This series of three mini-symposia aims to discuss possi-
ble functions of network oscillations in relation to their compu-
tational roles.

Network oscillations in olfactory systems involving local in-
hibitory interneurons have proven useful in the study of their
computational roles. First, sensory-induced oscillatory activity
was discovered in the olfactory bulb �60 years ago (Adrian,
1942), and the underlying mechanisms have been investigated in

considerable detail. Second, oscillatory activity in olfaction arises
early in phylogeny and appears to be evolutionary conserved,
suggesting they are functionally important. Studies in inverte-
brates have been particularly important in revealing the types of
computations that could be performed during oscillatory activ-
ity, as discussed in the first mini-symposium by Gelperin (2006).

Whereas evidence is accumulating for the importance of os-
cillations in olfactory systems of various species, it is unresolved
whether they have any function in the human cerebral cortex.
However, oscillations are a prominent feature of mammalian
cortical activity. Two rhythms that show particularly strong be-
havioral correlates are the theta (4 – 8 Hz) and gamma (30 –100
Hz) rhythms, both of which have been linked to cognitive func-
tions. The gamma rhythm has recently been linked specifically to
the blood oxygen level-dependent functional magnetic reso-
nance imaging (fMRI) signal (Logothetis et al., 2001; Foucher et
al., 2003), enabling links to be made between fMRI studies and
the local network activity that occurs during cognitive process-
ing. Intracranial EEG recordings, taken from neurosurgical pa-
tients, have provided strong evidence for locally generated brain
oscillations in both hippocampus and neocortex. Along with
scalp EEG recordings, these studies show synchronous oscilla-
tions in the theta and gamma frequency bands that are modulated
by behavioral and task variables, as discussed by Kahana in the
second mini-symposium (Kahana, 2006).

Based on converging evidence from different species, one can
begin to consider the computational advantages of oscillatory
synchronization and to seek general principles. Network oscilla-
tions may take part in representing information, regulate the flow
of information in neural circuits, and help store and retrieve
information in synapses distributed throughout cortical net-
works. These three ideas are discussed in the third mini-
symposium by Sejnowski and Paulsen (2006).
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