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1 The time jitter applied here may be caused by the dynamics of spike generation, refractoriness or just degraded
timing due to the strong inputs (the effective coincidence window for strong inputs is larger than that for weak
inputs).
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3 Caspary's study showed that inhibition has the same receptive field as excitation, and that the role of inhibition is
generally not lateral inhibition, which is often describedas a mechanism for sharpening the receptive field. This on-
frequency inhibition can be interpreted as a modulation filter that extracts the envelope fluctuation in the inputs
(Nelson and Carney, submitted). As discussed here, inhibition could also contribute to the enhanced timing of the
cell responses in CN.
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4 A recent study has been conducted to modify the synapse dynamics of this composite model. The new synapse
model has a more realistic offset adaptation response, and the response to amplitude-modulated (AM) stimuli of the
new composite model is more comparable with the physiological data. This study is reported in the Appendix of this
dissertation.
5 The spontaneous rate of model AN fibers is defined as the instantaneous firing rate before the discharge generator.
For the simulated discharge trains, the spontaneous rate islower because of refractoriness.
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6 As the results indicated in following section, the model cell response decreased when a 900 Hz tone was added to
the wideband noise because the input AN fiber responses became more out-of-phase with each other with the
addition of the 900 Hz tone.
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8 Studies of information masking (see Watson, 1987; Neff and Green, 1987; Durlach et al., 2003) suggest that
threshold could also be elevated due to maskers outside the CB.
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9 Conversational speech is approximately around 60 dB SPL (fromhttp://www.nonoise.org/) and human threshold
for tones between 500 Hz and 4k Hz is about 10 dB SPL (Moore, 2003, pg. 129). Many AN fibers (66% in cat) are
low threshold with dynamic ranges of approximately about 30dB SPL (May and Sachs, 1992).
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10 Calculation of the inverse of the cross-covariance matrix without including internal noise for each channel may be
impossible and also would not be optimal. By including internal noise for each channel, combining two channels
that had the same output would enhance discriminability.
11 Each location in the cell matrix represents 50 identical cells, which decreased the internal noise and increased the
sensitivity for each matrix location. Since the cell responses were highly correlated (as we will see below), this was
also similar to combining cells across different locationsin the cell matrix, which decreased the internal noise but
not the external noise. Combining cells across different locations in the cell matrix may decrease the total number of
cells in the matrix, which is constrained by anatomyphysiology, see http://earlab.bu.edu/anatomy/Ratcell.aspx.
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12 Even though spike counts of each model cell output were described by a Poisson distribution, the sum of N
independent model cell outputs could be approximated by a Gaussian variable based on statistical theory.
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13 If the same internal noise for level-detection was applied for all the coincidence cells, this internal noise greatly
degraded the performance of the cells that were sensitive totemporal cues. We cannot use "power spectrum" models
with different internal noises for different channels to account for the improved performance in level discrimination
in wideband noise, because the same model used in the wideband noise condition can then be used in the
narrowband noise condition to provide performance that is better than that of human subjects. For the different
values of internal noise used in present study, model cells with small amounts of internal noise did not provide more
information about the level change of the stimulus than the cells with large internal noise value. The fact that
different cells have different amounts of internal noise but similar level discrimination resolution suggest that these
cells were in fact representative of different processes inthe auditory system.
14 Since we already limited the model resolution for level detection, so a better resolution (lower threshold) of
pedestal level change in wideband noise is due to the temporal information carried by input AN fibers.



104

� � � � � � � � � � � � � � � � � � � 	 
 
 � � � � � � � 
 � � � 
 � 	 � � � � 
 � � � 
 � 	 � � � � � � � � � 	 � � � � �

	 � � � � � 
 � � � � � � � � � � � 
 � � � � 
 	 � � � � 	 � � � � � � � � � � � � 	 � 	 � � 
 
 � � � � 	 
 � � � � � � 	 � � � 
 � 


� � � � � � � � � � � � �

5.4.4 Predictions of the “power spectrum model” based on mul tiple channel

theory
�

� � � � � � � � � � � 
 � 
 
 � � � � � � � 
 � � � � � 	 
 � � 	 � 	 � � � 	 � � � � 
 � � � � � � � � 	 � � �

� � � � � � 	 
 � � 
 � 
 � � � � � � � � � 
 
 � 	 
 
 � � � � � � � � 	 � � � � 
 	 � � � � � � � � � � 
 � � � � � � � �

� 	 
 � � 
 
 � � 	 � 
 � � � � � � 
 � � � 	 � 
 � � � � � � � � � �  ! " #

�

� � � � � �  ! ! # $ 	 � � � � � � � � � �   � % �

&

� � � � � 	 
 	 � � � � � 	 � � � � � 
 � � � � � � � � 	 
 � � � 	 � � � � � 
 � � � 
 � � � � 	 � � � � � � 	 � � � � 
 	 � � � �

� � � � � � 
 � &

� � � � � � 	 � � 	 � � 
 
 � � � � � � 
 � 
 � � � 	 � 
 � � � � � � � � � 	 � � � � � � � � � � � � � 	 � 	 � � �

� � � � � 
 	 � � � 	 
 � 	 � � � 
 
 � � � � 	 � � 
 � � � � � � � 	 � � � � � �



105

10 50 100 300 1000 3000

�20

�15

�10

�5

0

5

10

BW (Hz)

T
hr

es
ho

ld

Simulation for pedestal

0dB
4dB
32dB

� � � � � � � � � 	 
 � � � � � 
 � � � � � � � � � � � � � � � � � � � � � 
 � � � 
 � � � � � � � � � � � � � � � � � � � � �

�

�

�

� � � 
 � � � � � � � � � � � � � � � � � � � 
 � � � � � 
 � � � � � � � � � � � 
 �

�

� � � 
 � � � � � � � � � � 
 � � � � � �

� � � � � � � � � � � � � � � � 
 � � � � � � � � � � � 
 � � � � � � � � 
 � � � � � � � � � � 
 
 � � � � � � � � � � � � � � �

� � � � � � � 
 � � � � � � � � � � � � � � � � � � � � � 
 � � � � � � � � � � � 
 � � � � � � �

�

�

�

� � � 
 � � � � � � � � � �

� � � � �  � � � � � � � 
 � � � � � � �

�

� � � � � 
 � � � � � � 
 � � 
 � � � � � 
 � � � � ! � � " 
 � � � � � 



 � � � � � � � � � � � � � � � � � � � � � 
 � � � � � �

�

� � 
 
 � � � � " � � � � � � � 
 � � � � � � � � � � � � � � 
 � 
 � �

� � � � �

�

� � � � � � � � � � � � � � � � � " � � � � �  � �

�

� � 
 
 � � � � � � # � � � � 
 � � �  $ % & % � � � � � � � � �


 � � 
 � � � � 
 � � � � � 
 
 � � � � � � � � � � � � � � � � � � � 
 � � � � � � � � � � � � � � � � � � � � � � � � � � � �

� � � � �  � � � 
 � � � � � � � � � � � � � � 
 � � � � � 


�

� � � � � 
 � � � � � � � � � � � � � � � � � � � � � � � 
 � � �

� � � � � � � � 
 � � � � � � � � � � � � � � � � � 
 � � � � �



106

� � � � � � � � � � 	 � 
 � � � � � � � � � 
 
 
 � � 
 � � � � � � 
 � � � � � � 	 � � � 
 � � � � � � � � � � 	 � 
 � � 
 � � � � � � � �

� � 
 � � � � � 	 � � � � � � � � � 	 	 � � � 
 � � � � � � � � � � � 	 � 
 � � � � � 
 � � 
 � � � 
 � 
 � � � � � 
 � � � � � � � 
 � 


�

� � � � � � 
 � � � � � � � 
 � 
 � � � � � 
 � � 
 � � 
 � � � � � � � � � � � � � � � 	 
 � � � 
 	 � � � 
 � � � � � 


� � 
 � � � 
 
 � 
 � � 
 � � � � � � � � � � � � � � � � � 	 � � � � � � � � � � � � � � � � � 	 � 
 � � � � 
 
 � � � � � 
 � � � 


�

� � � � � 	 � 
 � � � � � � � � � � � � � � � � � 	 � 
 � � � 
 � 
 � 
 � � � 
 � � � � � � � � � � � � � 	 	 � � � � � � � � � 	

	 
 � 
 	 � � � � � � � � � � � � � � � � � 
 � � � 	 � � � � � � 
 � � � � � 
 � 
 � � � � � 
 � � � � � � � � � � 


� � � 
 � �  ! � � 
 
 � � � � � 
 � � � 
 " � � � � � � � � � � � � � � � 	 � 
 � � � � � � � � � 
 � � 
 � 
 � � 	

	 � � � � � � � � � � � � � � � 
 � 
 � 
 # � � � 
 � � � � � � 
 � � � � � � 	 � 
 � 
 � � � � � � � � 
 � � � � � � � � � � 
 � � � 
 


$

� � � 
 � 
 � 	 
 � % & & % � 


" � 
 � � � � � � 	 � 
 � � � � � � 
 � � � 
 � � � � � � � � � � � � � 	 	 � � � � 
 � � � � � � � 
 � � � � � � � � � � � 


� 	 � � � 
 � � � ' � � 
 ( ) � 
 " � 
 � � � � � � 	 � 
 � 
 � � � � � � � � � � � 
 � � � � � � 
 � � 	 � 
 � � � � � � � 
 � 
 � � � �

� � � 
 � � � � � 	 � 
 � � � � � � 	 � � 	 � � 
 � � � � 
 � � � � � � � � � ) 	 
 � 
 	 � � � � � � � � � � � 	 � � � 
 � � � � � � � 
 � 
 � �

� � � � � 	 � � 
 * � � � 
 � � 
 � 
 � � � � � � � � � � 
 � � � � � � � � � � 	 � 
 � � � � � 	 � � 
 � � � 	 
 � � � � � � � � � � 	 � �

� � 
 � 
 	 � � � � 
 � � 	 � 
 � � � � � 
 � 
 � � � � � � � � � � � � � � � � 
 	 � � 
 � 
 � � � 
 � � � � � � � � � � � � �

� � 
 � � � � 	 � � 
 � � 	 � 
 � 
 + � 
 � � � 
 � � � � 
 � � � � � � � � � � � � 	 
 � � � � � � % � � , - � � � 


� � � � � 	 � � � � � � � 
 � 
 � 
 � 	 	 � � � � � � � � 
 � � � � � � � 	 � � � � � � � � � � 
 � � � � � � 	 � 
 � � � � � � 
 � 


� 	 � � � � � � � � � � � � � 
 	 � � 
 � � � � 
 � � 
 � � � � � 	 ) � � ) � � � � 
 � � � � � � � � � 
 � � � � � � � � � � � 


� � � 
 � � � 
 � � � � � 	 � 
 � 
 + � 
 � � � 
 � � � � 
 � � � � � � � � � � � � � � 
 � � 
 � � � � � % � � , - � � � 


� � 	 � 
 � � � � � 
 � � � � � 
 # � 
 � � � 
 � � � � � � � � � � � � � � 
 � � � � � 	 � � 
 # � 
 � � � � � � 	 � � 
 � � � � � � 	 )

� � ) � � � � 
 � � � � � � � � � � � 
 � 
 � � � � � � � � � 
 � 
 � � � � � � � � � � 	 � 
 � � � 
 � � 
 � � 
 � 
 " � 
 � � 	 � 
 � � � � �

� � � � � � � � � � 
 � � � � � 
 � � � � 
 � � � 
 % . / � � � ( / 0 � � 	 � 
 � � � � � � � � 
 � 
 � � � � � � � � � � � � � � �

� � 
 � � � � � 	 1 � 
 � 
 � � � 	 � � 
 # � 
 � � � � � � � � 
 � � � � � � � - 
 � � � � � � 


15 The optimal weights were derived based on the molar approachrather than on the molecular approach proposed
by Gilkey and Robinson (1986).
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16 It is also worthwhile to point out that in the wideband noise,the predictions of the envelope detector out-
performed humans. Usually envelope changes in a single channel are not considered to be a perceptual cue in
wideband noise since various studies (Viemeister, 1979) suggest that perception of envelope fluctuations is based on
the integration of information across a wide range of auditory filters.
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17 Most studies related to this phenomena have been done in the context of the reduced mid-level hump in the
presence of noise (e.g. Plack and Viemeister, 1992).
18 This does not include the situation that after each cue is evaluated, these cues are used altogether in some decision
strategy. In this situation, different processes are stillinvolved to detect different cues.
19 The nonlinear combination could be algorithmic. For example, a “sequential” strategy could first attempt to detect
a tone based on CD model cell, and if it fails as is “not sure”, the decision process could continue to look for other
cues (energetic) to determine which interval has a tone. By examining the performance of other models where the
CD model fails, it should be possible to clarify which strategy is used in the decision process.
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A.4 Deriving Model Parameter Values from PST properties -Th e relationship

between the model parameters and adaptation characteristi cs
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20 The model results presented here are just illustrative. More extensive explorations have been conducted in another
study (Nelson and Carney, submitted).
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Appendix B. Relationship between adaptation characterist ics and the Meddis-

model parameters
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