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In sensory physiology, various System Identification methods are implemented to formalize
stimulus-response relationships. We applied the Volterra approach for characterizing input—
output relationships of cells in the medial geniculate body (MGB) of an awake squirrel monkey.
Intraspecific communication calls comprised the inputs and the corresponding cellular evoked
responses—the outputs. A set ol vocalization was used to calculate the kernels of the transformation,
and these kernelssubserved to predict the responses of the cell toa different set of vocalizations. It was
found that it is possible to predict the response (PSTH) of MGB cells to natural vocalizations, based
on envelopes of the spectral components of the vocalization. Some of the responses could be
predicted by assuming a linear transformation function, whereas other responses could be predicted
by non-linear {second order) kernels. These iwo modes of transformation, which are also reflected by
adistinct spatial distribution of the linear vis-d-vis non-linear responding cells, apparently represent a
new revelation of parallel processing of auditory information.

1. Introduction. Characterization and full description of stimulus-response
relations in the central nervous system is a major goal in experimental
neurobiology. However, due to the complexity and apparent nonlinearity of
these relationships, it is practically impossible, in many cases, to achieve this
goal by simply employing visual inspection, or even fundamental semi-
guantitative techniques, as is often done. We confronted this problem while
attempting to obtain some insight into the role of the medial geniculate body
(MGB) of an awake squirrel monkey, in the processing of auditory signals.
Typical of the higher levels of the auditory pathway, many of the MGB cells
reveal highly complex response patterns to various auditory stimuli, and
particularly to intraspecific communication sounds which are spectrally and
temporally very complex (Symmes et al., 1980; Allon et al., 1981; Allon and
Yeshurun, 1985). Failing, in most cases, to relate response properties to stimuli
characteristics by employing conventional methods, we tried System Identifi-
cation methods, which we applied to a sample of 41 cells. The approach which
we adopted and modified was the Volterra approach (Hung and Stark, 1977;
Marmarelis and Marmarelis, 1978; Yeshurun et al., 1985).

The functional identification of a system is carried out by obtaining the
transfer function which relates the output of a system to its input. If that
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function can be defined, then the operation of the system is also defined and
predictable. This approach is usually applied when the internal structure of the
system is not known and is considered as a “block box™ (Allon et al., 1981). The
inputs are applied to the auditory system, and the output is recorded from
single cells in the MGB. Thus, the system identified by us is actually a subset of
the auditory pathway. It consists of a network with boundaries ranging from
the peripheral aspect of this pathway on the one extreme, to a single MGB cell
on the other extreme. Many aspects of the inner structure of the system are not
well known, despite the fact that ample information is available, regarding its
cytoarchitecture and the connectivity pattern of the MGB with the other
components of the auditory system.

In the following, we decribe the system's input and output, the formal model,
and the results obtained by applying it to responses of MGB cells.

2. The Formal Model. Most identification methods which are applied to
neurobiological systems use white Gaussian noise as the stimulus (Hung and
Stark, 1977; Eggermont et al., 1983), thus using the Wiener—Volterra approach
(Wiener, 1958). White noise, though undoubtedly superior to other stimuli
from a theoretical point of view (Wiener, 1958), might not necessarily be the
optimal stimulus from a biological point of view. Indeed, several physiological
studies demonstrated that complex sounds, and especially calls which possess a
biological communicative value, are more effective, compared with conven-
tional auditory stimuli, including white noise, in eliciting responses at the
upper levels of the auditory system (Capranica, 1972; Newman and Wollberg,
1973; Suga, 1978; Ploog, 1981). The inputs which we employed, therefore, were
tape-recorded, intraspecific communication calls (Winter et al., 1966) pre-
sented to the monkey during the physiological experiments, in a normal and a
reversed version (reversed vocalizations have the same spectral components as
normal vocalizations, but are not assumed to carry “semantic” information).
The frequency range where most of the vocalizations’ energy is concentrated is
between 0.5 and 20 kHz, and the techniques of recording and playback of the
vocalizations are described elsewhere (Yeshurun et al., 1985). The auditory
input can generally be represented in terms of acoustic energy function P(t).
However, if a reasonable time resolution is required, then a digitized
vocalization would consists of some ten thousands of values. Instead, the input
is represented by its spectral components, each component having its temporal
energy distribution. Throughout the identification procedure these calls were
represented by the digitally filtered spectral components, as 1/3 octave
resolution. The use of speciral components of the calls rather than the calls
themselves, rests also on the assumption that the operation of the auditory
nerve can be roughly approximated by a bank of overlapping filters (Evans,
1977). Part of the system’s activity, in our model, can therefore be considered






