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Introduction

The primary mode of neural signaling involves the genera-
tion, transmission and transformation of spike trains by neu-
yons in the central nervous system. The debate concerning
spike timing versus rate coding has received increasing atten-
fion among neuroscientists, particularly within computational
neuroscience (Shadlen & Newsome, 1994; Softky, 1995; The-
unissen & Miller, 1995). It is widely believed that neurons in
the nervous system are noisy, and that therefore only the rate
or frequency of firing could reliably serve as a neural code.
Recently this long held view has been directly challengedby a
number of studies. Under tightly controlled input conditions,
cortical neurons in the mammalian brain are capable of gener-
ating rather precisely timed spike trains, in both rat brain slices
and behaving monkeys (Mainen & Sejnowski, 1994; Gallant,
1996). Information theoretic analysis has been successfully
applied to this coding problem, and provides answers to the
question of how much information is contained in a spike train
(Bialek, Ricke, de Ruyter van Stevenick, & Warland, 1991).
Although powerful, information theory has not yet answered
the crucial question of whether the information measured is
relevant to the nevral system in the generation of behavioral
oulput.

The speciﬁcity hypotheses

From an ecological point of view, the relevance of the infor-
mation coded in a spike train, be it in a rate code or a spike
timing code, depends heavily on the “what™ aspect of the in-
formation and the survival value of its appropriate process-
ing. Depending on what is to be encoded in the organism’s
environment, one type of code may serve as a better candi-
date than another. The onset of a stimulus, e.g. the appear-
ance of a tiger, has to be coded with greater temporal preci-
sion, and with greater reliability, than the exact pattern of the
figer's fur coat. This proposed dependency of an optimal code
on the type of information to be encoded implies at least three
classes of testable hypotheses: modality specificity, property
specificity, and domain specificity. ‘

First, the opfimal coding scheme should depend on the
sensory modality under discussion, because different sensory
modalities may be of different importance to a given organ-
ism in a given environment. Secondly, the optimal cod-
ing scheme should show property specificity within a given
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modality, because different sensory propertics, such as color,
form, onset/offset, or motion of a stimulus, may be of different
predictive values for an organism exploring its environment.
Finally, the optimal coding scheme, and in particular whether
a spike timing code is required, should depend on whether the
physical variables defining the stimulus are rapidly varying in
the time domain.

Implications

We investigate these three classes of hypotheses by reviewing
and reexamining the single and multicellular recording litera-
ture involving multiple sensory modalities and multiple sen-
sory properties within a given modality. The final implication
of the specificity hypotheses is that it would be hard, or per-
haps even impossible, to find a general coding scheme appli-
cable to all types of information present in the sensory envi-
ronment. Therefore, conclusions concerning the coding prob-
lem without reference to the “what™ aspect of the information
would be difficaltto interpret. Perhapsitis the modality, prop-
erty, and domain specificity of the neural code that accounts
for the heterogeneity of experimental results supporting both
rate codes and spike time codes.
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