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1 Introduction

The purpose of this laboratory exercise was to illustrate how sound stimuli are coded in the
temporal discharge patterns of auditory nerve fibers. In this report, I describe my attempts
at understanding sets of spike data recorded from auditory nerve fibers and identifying the
sound stimuli that produced these sets of data.

2 Stimuli Identification

This section is organized as follows. Each stimulus data is explained in a separate subsection.
Stimulus is identified first and justifications follow. Specific questions asked about the
stimulus are answered at the end of the subsection under the heading Notes.

2.1 Clarice - Click Stimulus

Stimulus data clarice corresponds to the click stimulus. Clues that led us to the above
inference are as follows:

• The cell response is for 100 ms (PST, figure 1) and the duration of the click stimulus
is 100 ms.

• There is a strong response at the onset of the stimulus but it decays rapidly in the
PST (figures 1, 2).

• A click stimulus contains many frequency components. The spectrum of the PST
(figure 2) points to this fact.

• The Interval Histogram (figure 1) has a peak at 1 ms and the initial part of the
PST (figure 2) has peaks at multiples of approx 1 ms. This suggests that the center
frequency of the fiber is 1 kHz. One can also observe peaks at multiples of 1 kHz in
the spectrum of the PST (figure 2).
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Notes

• As mentioned above, the center frequency of the fiber is approximately 1 kHz. Peaks
in the Interval Histogram and the PST spectrum (figures 1, 2) support this conclusion.

• One can see in the PST (figure 2) that the first peak occurs after a time lag of
approximately 2.5 ms. This time delay corresponds to the cochlear traveling delay.

2.2 Holmes - Pure Tone

Stimulus data holmes corresponds to a pure tone of frequency 1 kHz.

• There are regularly spaced modes in the interval histogram and the PST histogram
(figure 3) 1 ms apart from one another. Regular peaks in the interval histogram occurs
if there is phase locking to the stimulus.

• We can compute the period histogram which shows phase locking more clearly (fig-
ure 4).

Notes

• Frequency of the pure tone is 1 kHz. The fiber’s synchronization index to the tone
frequency is 0.81.

2.3 Scully - Broadband Noise

Stimulus data scully corresponds to a continuous broadband noise.

• There is no temporal structure in the PST histogram (figure 5). There are no ‘strong’
modes in the interval histogram and there is no regularity.

• Reverse correlation of the response with the noise stimulus is shown in figure 6 which
supports our inference.

Notes

• From the Revcor (figure 6), we see that approximately 1.25 cycles take 1 ms i.e. the
center frequency of the fiber is approximately 1250 Hz.

• We can also see from the spectrum of the revcor (figure 6) that there is a peak at
approximately 1.25 kHz.

2.4 Marlowe - Speech Utterance

Stimulus data marlowe corresponds to a speech utterance.

• The PST histogram shows that activity occurs in bursts (figure 7). These bursts of
activity probably correspond to vowels in a speech utterance. Speech has voiced and
unvoiced parts and we can expect a PSTH to have a structure like what we have in
the PST histogram.

• Spectral structure in the PST spectrogram (figure 8) highly resembles speech.
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Notes

• The PST spectrogram shows harmonic structure (figure 8) with fundamental fre-
quency between 200 Hz and 250 Hz. Hence, its likely that the speaker is a female.

• It appears that the fiber responds to sounds with harmonic structure because we see
harmonic structure in the PST spectrogram corresponding to each of the seven bursts
of activity in the PSTH. Hence, there were probably seven vowels in the utterance.

2.5 Poirot - Spontaneous Activity

Stimulus data poirot indicates that the response of the fiber was spontaneous activity. There
was no stimulus present.

• The PSTH could not be computed because there were no spikes in channel 0 (Number
of Syncs = 0). This implies that there was no stimulus.

Notes

• Over a period of 600 seconds, the number of spikes recorded was 45699. Hence, the
spontaneous rate is approximately 76 spikes per second.

• From the interval histogram (figure 9), we see that there are practically no pairs of
consecutive spikes with an interval of less than 0.65 ms between them. Hence, we can
infer that the refractory period for this fiber is approximately 0.65 ms.

2.6 Clouseau - FM pure tone

Stimulus data clouseau corresponds to the FM pure tone.

• Spectrogram of the PST histogram clearly indicates time-varying peaks (figure 12).
This corresponds to changing stimulus frequency.

• PST Autocorrelation (figure 10) shows that all-order interval changes with peristimu-
lus time, again indicating that the instantaneous frequency of the stimulus is changing
with time.

• The FM sweep is also apparent from the PST spectrum (figure 11 - notice the region
between 500 Hz and 1000 Hz).

Notes

• The PST spectrogram (figure 12) shows that one period of the modulating frequency
is 500 ms, i.e. modulating frequency is 2 Hz.

• Again, from the PST spectrogram (figure 12), we can see that the minimum instan-
taneous frequency (first harmonic) is approximately 500 Hz and the maximum (first
harmonic) is approximately 1000 Hz. Notice that the 1000 Hz component is stronger
than the 500 Hz component (figure 11).
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• The fiber fires maximally between 100 ms and 150 ms and again between 300 ms
and 350 ms (figure 10). At these times, the instantaneous frequency of the stimulus is
between 500 Hz and 1000 Hz (figure 12). Hence, we can infer that the center frequency
of the fiber lies between the minimum and the maximum.

2.7 Warchevsky - High Frequency Tone

Stimulus data warchevsky most probably corresponds to a high frequency tone which shuts
off after 400 ms.

• In the PST (figure 13), we observe strong onset firing, high consistent firing till 400
ms, sudden drop right after 400 ms and recovery to a baseline firing rate after some
time. This indicates that there was a stimulus for the first 400 ms.

• There is no regularity in the interval histogram (figure 13) which implies that there
was no phase locking. Also, spectrogram of the PST (figure 14) shows a high frequency
component close to 3.5 kHz during the initial 400 ms.

Conclusions

I learnt how one can analyze information present (hidden?) in the apparently random
spiking patterns of neurons. I really enjoyed this lab.
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Figure 1: Clarice - PST and Interval Histograms
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Figure 2: Clarice - PST and PST Spectrum
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Figure 3: Holmes - PST and Interval Histogram
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Figure 4: Holmes - Period and Interval Histograms
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Figure 5: Scully - PST and Interval Histogram
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Figure 6: Scully - Revcor and Revcor Spectrum
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Figure 7: Marlowe - PST and Interval Histogram
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Figure 8: Marlowe - PST Spectrogram and PST Spectrogram (freq axis zoomed)
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Figure 9: Poirot - Interval Histogram and Interval Histogram (zoomed in)
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Figure 10: Clouseau - PST Histogram and PST Autocorrelation

9



Time (ms)

Fr
eq

ue
nc

y 
(H

z)

clouseau: Spectrogram of PST

0 50 100 150 200 250 300 350 400 450
0

1000

2000

3000

4000

5000

0 1000 2000 3000 4000 5000
−50

0

50

100

Frequency (Hz)

M
ag

ni
tu

de
 (d

B
)

clouseau: Spectrum of PST

Figure 11: Clouseau - PST Spectrogram and PST Spectrum
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Figure 12: Clouseau - PST Spectrogram and PST Spectrogram (freq axis zoomed in)
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Figure 13: Warchevsky - PST Histogram and Interval Histogram

0 200 400 600 800 1000
0

20

40

60

Peristimulus Time (ms)

N
um

be
r 

of
 S

pi
ke

s

warchevsky: PST

Time (ms)

Fr
eq

ue
nc

y 
(H

z)

warchevsky: Spectrogram of PST

0 100 200 300 400 500 600 700 800 900
0

1000

2000

3000

4000

5000

Figure 14: Warchevsky - PST Histogram and PST Spectrogram
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