


than coughs and tones (for example,
buzzes) may be used to produce the
illusion. But, when a speech sound was
deleted and not replaced with an ex-
traneous sound, the gap was recognized
in its proper location, and illusory per-
ception of the missing sound did not
occur. Of course, unlike extraneous
sounds, a silence would not occur norm-
ally unless produced by the speaker.
Also, silent intervals have functions
akin to phonemes, requiring their ac-
curate identification and localization for
speech comprehension.

The ability to understand speech
with masked phonemes is not sur-
prising; the redundancy of language
can account readily for this. However,
our lack of awareness of restorative
processes—our illusory perception of
the speaker’s utterance rather than the

stimulus actually reaching our ears—
reflects characteristics of speech per-
ception which may help us understand
the perceptual mechanisms underlying
verbal organization.
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Behavioral Measurement of Neural Poststimulation
Excitability Cycle: Pain Cells in the Brain of the Rat

Abstract. A new technique in which elicited behavior of the freely moving rat

.

is used to measure the poststimulation excitability cycle of the central neurons

mediating that behavior has been adapted from accepted methods of neurophysi-
ology. A continuous train of pairs of brief pulses was delivered to pain systems
in the midbrain. Rate of lever pressing to achieve 3-second rests from this stimu-
lation was measured as a function of the interval separating the pulses within
pairs. Evidence for latent addition, absolute refractory period, temporal summa-
tion, and adaptation was demonstrated. Obtained relationships suggested that
three sets of fibers may carry the aversive signal and that synaptic integration of
pain in the brain may be related to Stevens’ power law functions.

The differential responsiveness of an
organism to the various temporal rates
or patterns in which stimuli can occur
is determined by the ability of the indi-
vidual neurons and synapses in the
pathways mediating the responses to
accept and conduct stimuli at these
rates and patterns. Thus, if one knew
the excitability of the relevant neurons
and synapses to various rates and pat-
terns of stimulation, and if one could
control or measure these rates and pat-
terns, then the strength of the overt
behavior might well be predicted. Fur-
thermore, it is plausible to expect that
the function expressing ‘“response
strength” in terms of “stimulus rate,”
which holds over a large range for overt
behavior, should closely mimic in form
the strength-rate function for the neu-
rons subserving the behavior. This ex-
pectation is important to test because,
if it proves in fact to be a general truth,
one can then use the strength-rate func-
tion observed for any particular overt
behavior to tell us much about the na-
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ture of the neurons and synapses medi-
ating the connection between the stim-
ulus input and the response output for
that behavior.

In essence, this type of approach
was employed early by Sherrington in
his work on the neural organization of
the spinal withdrawal reflex and has
more recently been used, for example,
by Barlow to study the phenomenon
of temporal summation in the human
retina (the Bunsen-Roscoe law). In
these instances, rate or pattern of stim-
ulation of receptors or peripheral
nerves was varied, and a behavioral in-
dex such as a leg withdrawal or a
verbal report was employed. However,
to our knowledge no one has used elec-
trodes to introduce the experimental
manipulation of stimulus rate and pat-

tern directly into the central nervous °

system in the context of this type of
approach. We have done so with the
idea that it may be possible thereby to
analyze something of the nature of the
neuronal and synaptic mechanisms un-

derlying those complex behaviors which
are organized in the brain.

The success of this approach depends
upon first demonstrating that the
strength-rate functions for electrically
elicited overt behaviors are isomorphic
with those obtaining for neurons. For-
tunately, since the strength-rate func-
tions for neurons have been generally
identified, at least for the peripheral
nervous system, it is possible to gen-
erate some predictions by which to test
the validity of this approach. For ex-
ample, the more rapidly a neuron is
stimulated, the more likely it is that
the postsynaptic neuron will fire be-
cause of the temporal summation of
neurotransmitter in the synapse faster
than it can be destroyed; thus, the
strength of electrically elicited overt
behavior should be greater as the inter-
val between stimulus pulses is short-
ened. However, since neurons cannot
fire to all the stimulus pulses if they
follow each other too closely because
neurons require a time to recover after
each firing (the refractory period), the
strength of the electrically elicited overt
behavior should not continue to in-
crease indefinitely as the interval be-
tween stimulus pulses is shortened, but
should even decrease at those intervals
falling within the refractory period.
The details of our test of these and
other predictions follow.

The techniques developed in our ex-
periment were based upon those in
which two 0.1-msec negative-going
electrical pulses, one (the conditioning
or C pulse) followed at a parametri-
cally varied interval by another (the
test or T pulse), were used as probes
to explore the poststimulation excitabil-
ity cycle of axons and synapses in the
peripheral nervous system. Customarily
the responses measured as a function
of this interval separating the onsets of
the C and T pulse (the C-T interval)
were mainly action potentials, com-
pound action ' potentials, and graded
potential shifts recorded from short-
term physiological preparations. The
phenomena of latent addition, refrac-
tory period, super- and subnormality,
temporal summation, and adaptation
have been elucidated in this fashion,
and an impressive correspondence be-
tween these phenomena and neuronal
features such as size of axon diameter
has been established. Our study was
designed to show whether the same
pattern of poststimulation excitability
representative of the phenomena ob-
served from peripheral nervous tissue
can also be evidenced in the instru-
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