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The effects of action potential (AP) propagation delay times and the absolute refractory period 
upon the synchronization index are analysed for the integrate and fire neuron model, and the 
results are compared with recordings from auditory ganglion neurons and cochlear nucleus 
neurons. In the model the noisy periodic synaptic input to the neuron is summed and an AP is 
generated when the membrane potential reaches threshold. The output phase distribution (phase 
histogram) is calculated at the site at which the APs are generated. The AP propagation delay 
times along an axon are modelled using a periodically wrapped Gaussian distribution, with the 
width fitted from experimental data. This distribution is convolved with the calculated phase 
distribution to obtain the phase distribution at the axon terminal. The model is implemented 
using the parameter values for the membrane time constant and the refractory period of both 
auditory ganglion neurons and cochlear nucleus neurons. It is found that the synchronisation 
index of the output APs decreases rapidly at high frequencies of the input (greater than 1 kHz). 
Inclusion of an absolute refractory period to the original model increases the interspike intervals, 
and the resultant reduction of the synchronization index is most pronounced at higher 
frequencies of the input. The computed phase distributions of the model show close agreement 
with experimentally recorded phase histograms. 
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The accuracy of sound localisation is known to be affected by the distribution of 
energy across frequency. We measured the accuracy with which listeners can localise 
sound presented in the free field. The spectral roughness of our stimuli was 
manipulated by passing white noise through a filter which introduced spectral notches 
of variable width (98,391 or 1562 Hz) and depth (up to a maximum of 0,20,40 or 60 
dB). A new filter was generated for each trial. Localisation errors were partitioned 
into components across and within cones of confusion. For across-cone errors a 
significant effect of notch depth was observed, with error generally increasing with 
increasing notch depth (5.6, 5.9, 5.7 and 6.4 0 for 0, 20, 40 and 60 dB, respectively). 
The effect of notch width and the interaction of notch depth and width were not 
significant. For within-cone errors, there was a significant interaction between notch 
depth and width For each notch width, error increased significantly with increasing 
notch depth (13.9 to 21.20 for 98 Hz, 15.4 to 33.40 for 391 Hz and 17.2 to 3480 for 
1562 Hz). The relatively small effect of notch depth on across-cone error reflects the 
lack of importance of monaural spectral cues for judging cone of confusion. The 
larger effect of notch depth on within-cone error, in contrast, reflects the considerable 
importance of these cues for judging elevation and resolving front-back ambiguity. 
That the effect of notch depth on within-cone error was smallest for the 98-Hz notch 
width suggests that stimuli are smoothed by the auditory system prior to analysis. 
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