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ABSTRACT

The decrease in detection and discrimination thresholds with increases in signal duration is usually
attributed to long time-constant integration or summation. An alternative view is that no long-term
integration occurs but rather that information is combined from multiple, short-duration samples
or “looks”. According to this account the phenomenon of temporal integration simply reflects an
increase in the number of looks rather than an increase in effective signal energy. To compare pre-
dictions of these approaches under reasonable constraints, spike data recorded from the auditory
nerve in response to long-duration CF tones are considered. These data are analyzed according to
multiple-look and summation schemes, and temporal integration functions are derived. The derived
functions are very similar, indicating that a multiple look scheme can show summation-like behav-
ior, and that such behavior does not imply long time constant integration. The analysis also indi-
cates that the detectability of 5-ms looks near the onset of the tone can be considerably higher than
those occurring later in the tone and that the derived psychometric functions generally do not show
the /T dependence that would be expected from a Poisson process.
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INTRODUCTION

Temporal integration or temporal summation refers to the well-known decrease in detection and
discrimination thresholds with increases in the duration of the signal. Most models of this phenom-
enon (e.g. Plomp and Bouman,1959; Zwislocki, 1960) incorporate “leaky” integration with rela-
tively long time constants, typically hundreds of milliseconds. These time constants are nearly two
orders of magnitude larger than those incorporated in models of temporal resolution. The discrep-
ancy in time constants is one manifestation of the so-called “temporal integration-resolution para-
dox” (Green, 1985; de Boer, 1985).

Recent psychophysical evidence suggests a resolution of this paradox. Specifically, Viemeister and
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short time-constant samples or “looks” at the (processed) input. These looks are stored in memory
and are available for selective processing: The observer can scan the stored samples and can, for
example, use this information to look for envelope periodicities or gaps in the input. This permits
this general model to provide a basic account of temporal resolution and the data described above.
The model can also account qualitatively for the classical data on temporal integration of tones and
noise. Essentially, the decrease in threshold with increasing duration reflects an increase in the
number of looks rather than an increase in effective signal energy.

Although the multiple-look hypothesis provides a framework for describing a wide range of tem-
poral phenomena, there are many uncertainties that preclude a convincing, quantitative implemen-
tation of the model. The general problem is that there are insufficient constraints to guide
development and refinement of the model. The present paper examines possible physiological con-
straints on the model and, more generally, on models of temporal integration. The primary question
to be addressed is whether the multiple look model can yield predictions that are similar to those
based upon true neural summation.

METHOD

Spike data from auditory nerve fibers in anaesthetized chinchillas were recorded using the surgical
procedure and basic protocol described in Ruggero and Rich (1987). CF tones, 250 ms in duration
were presented every 1s. The level of the tones was increased in 3-dB steps from 3 dB below the
nominal threshold of the unit to 30 dB above threshold, or until stable recording from the unit was
no longer possible. The tone was presented 200 times at each level and the time of each spike dis-
charge was recorded to the nearest 10 ps during both the on- and off-periods of stimulation. The
tones were turned on and off at zero crossings with an abrupt rise and decay.

The detectability of the tones was estimated using two analysis schemes that attempt to capture the
long time-constant integration models and the multiple-look model of temporal integration. The
“summation” scheme involves simple summation of the spikes that occurred during the first T ms
of the tone. Specifically, for a tone of a given intensity (I), estimates of the mean, p (I), and stan-
dard deviation, & (I), of the number of spikes that occurred during the first T ms, beginning at the
nominal onset of the tone, were calculated. Similarly, the mean, | (0), and standard deviation,

o (0), of the spike count for the spontaneous activity during a T ms counting period, beginning
100 ms after the tone, were calculated. (It was verified that the unit had recovered during this in-
terval). The detectability of the tone of level I and “duration” T was calculated using



