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Abstract: Interspike interval data (times between
action potentials) from cat auditory nerve and
simulations of such data are examined for serial
dependence in several ways that use plots obtained
from conditional interval histograms. Following a
test for stationarity; the conditional mean,
conditional quantiles, conditional standard
deviation, and conditional c.v. plots were examined
for trends with the conditioning being done on the
preceding interspike interval. These plots can be
summarized by a conditional box plot. The
scatterplots of one interval vs various lagged
intervals were examined using contour and
perspective plots. For the perspective plots, a
gaussian kernel was used with the smoothing
parameter determined by the data set size. Since
the ~mpirical histograms contained a relatively
large positive skew and Pearson plots of conditional
moments indicated they were close to a gamma or
inverse gaussian distribution, the log and cube root
transformations were used on the perspective plots
(Hernandez and Johnson, 1980).

Three data sets are examined in this paper,
two from cat auditory nerve and one simulation.
The cat auditory nerve spike train data sets were
obtained from Dr. Eric Javel of Duke University
Medical Center, Durham, N.C. The cat auditory
nerve fiber was stimulated by a 417 Hz tone
harmonic complex with sound pressure levels
(SPL) of 0 or 20 dB (Horst et al., 1986). These
two data sets will be referred to as AUDO and
AUD20. Each data set in turn represents two
repetitions at a fixed SPL. No major differences
in univariate statistics were noted between
repetitions in either data set (Liu, 1991). Figure
oshows the interspike interval histograms for 0
dB (A) and 20 dB (B).

A two-parameter gamma distribution with
shape parameter a=1.45 and scale parameter
b=9.5was selected for simulating the cat
auditory nerve response. These parameters
produced matching of the first two moments of
AUDO. If a spike train is renewal then its
interspike intervals Tn are independent and
identically distributed (iid). Figures 1-6
correspond to the simulated data set CG50A

and provide a renewal process benchmark for
examining the neurophysiological data.

Figure 1 is a conditional box plot of the
simulated data (CG50A). The pairs (Tn,Tn+1)
of the interspike intervals are grouped with
respect to the magnitude of the conditioning
interval Tn into 20 equal cell size bins
corresponding to consecutive 5 % of the
conditioning intervals, i. e., the fIrst cell
corresponds to the conditioning intervals Tn
being 0 to 5 percent, for the second the
conditioning intervals are from the 5 to 10 %,
and so forth. No significant trends are apparent.

The conditional interval histograms of
CG50A are shown in figure 2. The conditional
interval histograms are a plot of the interspike
intervals grouped into 20 equal size cells as in
the box plot. If the spike train is renewal, then
the conditional interval histograms should be
identical to within sampling error. There appears
to be no significant differences between
histograms, this is consistent with the hypothesis
that the spike train is renewal.

A series of eight plots can be used to
summarize the conditional interval histograms:
the firing rate, serial correlogram, conditional
mean, conditional quantiles, conditional
standard deviation, conditional c.v., residuals of
conditional means, and Pearson plot (Liu, 1991).
Figure 3 shows the conditional mean, quantiles,
standard deviation, and c.v. respectively. The
fIring rate plot showed minor fluctuations but no
trends. The slope estimate of the conditional
mean plot is positive with a significance level
higher than 0.05 but not higher than 0.01. No
trends can be found in the standard deviation
and c.v. plots. These plots also support the
hypothesis of a renewal spike train.

Figure 4 is a combination of two plots for
data simulating the cat auditory nerve responses
(CG50A). The top plot is a scatterplot of the
pairs of interspike intervals. A gaussian kernel
was used for the conditional density estimation
with a smoothing parameter determined by the
data set size, n=2000. The smoothing parameter
or bandwidth h=n-1!6 was obtained by
minimizing the integrated expected squared error
of the kernel density estimator (Silverman,
1986). The contours are shown on the top



scatterplot and the bottom plot is the density
surface or perspective plot.

In figure 5 and figure 6 a cube root and a
log transformation were selected to transform
the simulated data (CG50A) to near normality
(Hernandez and Johnson, 1980), since the
empirical histograms contained a relatively large
positive skew and Pearson plots of conditional
moments suggested a gamma or inverse gaussian
(Liu, 1991). Each figure of the transformed data
has a contour and perspective plot.

Figures 7-12 and 13-18 parallel the plots for
CG50A but correspond to the auditory nerve
data AUDO and AUD20, respectively.

Figure 7 is the conditional boxplot of AUDO.
In contrast to figure 1, a significant negative
trend is now present, but is not apparent due to
the large positive skew of the data, c.f. figure 9.
The conditional interval histograms of AUDO are
shown in figure 8. Figure 9 is the series of plots
used to summarize the conditional interval
histograms. The conditional mean plot and
correlogram indicate a negative serial
dependence, in contrast to figure 3. Since the
conditional c.v. 's are rising and the conditional
quantiles are approximately parallel, a location
shift in the conditional interval histograms is
suggested (Liu, 1991; c.f. Johnson et al., 1986).

Figure 10 is the scatterplot with contours
and the density surface of AUDO with n=6202.
No apparent periodicities are seen. Figure 11 and
figure 12 are the scatterplot and density surface
of the transformed data. In figure 12, the
perspective plot of AUDO with a log
transformation indicates there is some
periodicity in the interspike interval data which
is not apparent from the conditional interval
histograms or from figure 10. The periodicities
seen via the transformations become more
apparent at 20 dB, i.e., AUD20.

Figure 13 is the conditional boxplot of
AUD20. In figure 14, the conditional interval
histograms indicate a scale shift (Liu, 1991).
Figure 15 is the series of plots that summarize
the conditional interval histograms. The
conditional mean plot and correlogram again
indicate a negative serial dependence. Since the
conditional c.v. 's are flat and the conditional
quantiles are not approximately parallel, a scale
shift is suggested (Liu, 1991).

Figure 16 is the scatterplot and density
surface of AUD20 with n=6749, slight
modulations of the perspective plot are apparent.
However, in figure 17 and 18, the scatterplot and

density surface of the transformed data, the
modulations are dramatically shown. In figure
18, the perspective plot of AUD20 with a log
transformation indicates that the periodicities
have intensified with an increased sound pressure
level (SPL) as expected.

In conclusion, the interval histograms of the
cat auditory nerve responses (AUDO and
AUD20) showed that the number of observations
in the 2-3 msec. bin were larger than expected.
The patterns in the perspective plots suggest this
peak reflects "phase locking" (nonstationarity
due to synchronous firing to the periodic
stimulus) and are in marked contrast to the
simulated renewal process (CG50A).

The conditional mean plot and correlogram
show a negative serial dependence for both data
sets, indicating they are not renewal. For AUDO,
since the conditional c.v.'s are rising and the
conditional quantiles are roughly parallel, a
location shift in conditional interval histograms
is suggested. However the conditional interval
histograms of AUDO do not totally verify this
suggestion. The lack of fit is perhaps due to the
phase locking. For AUD20, since the conditional
c.v.'s are flat and the conditional quantiles are
not parallel, a scale shift in the conditional
interval histograms is suggested.

The scatterplot of AUDO and AUD20 after a
log or cube root transformation indicates there is
some periodicity in the interspike interval data
which is not apparent from the conditional
interval histograms nor from the nontransformed
scatterplot. These periodicities are more
apparent with the higher intensity level (SPL),
indicating that these periodicities are a real part
of the nerve response, rather than an artifact,
e.g., extraneous noise due to heartbeat, etc. The
two repetitions making up AUDO and AUD20
also exhibited this pattern.

In summary, hidden periodicities in cat
auditory nerve data may be more easily detected
with density surfaces and by using normalizing
transformations of the data. (Partial support
from ONR grant NOOOI4-9Q-J-1646)
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plot) for consecutive interval pairs (Tn,Tn+1).
Fig. 11. AUDO: Scatterplot with overlaying
contours (upper plot) and perspective (lower
plot) for cuberoot transformation of consecutive
interval pairs (Tn,Tn+1)'
Fig. 12. AUDO: Scatterplot with overlaying
contours (upper plot) and perspective (lower
plot) for log transformation of consecutive
interval pairs (Tn,Tn+.1)'
Fig. 13. AUD20: Conditional boxplots for 20 dB.
Fig. 14. AUD20: Conditional interval histograms
with each histogram containing about 337
intervals and binwidth of 1.0 msec.
Fig. 15. AUD20: Conditional plots for 20 dB.
Fig. 16. AUD20: Scatterplot with overlaying
contours (upper plot) and perspective (lower
plot) for consecutive interval pairs (Tn'T n+1).
Fig. 17. AUD20: Scatterplot with overlaying
contours (upper plot) and perspective (lower
plot) for cuberoot transformation of consecutive
interval pairs (Tn,Tn+l)'
Fig. 18. AUD20: Scatterplot with overlaying
contours (upper plot) and perspective (lower
plot) for log transformation of consecutive
interval pairs (Tn,Tn+1)'

B

i.

A

,.

• t ,. . ..

o

_1lI._.'2DG8__ .bor'~

I

I

I

I

i
•I ,

79(2), 398-416.
Johnson, D.H., Tsuchitani, C., Linebarger, D.A.,

and Johnson, M.J. (1986), "Application of a
Point Process Model to Responses of Cat
Lateral Superior Olive Units to Ipsilateral
Tones," Hearing Research, 21, 135-159.

Liu, C.J. (1991), "Parameter Estimation of
Continuous-time Point Processes: Serial
Dependency and Neural Applications," Ph.D.
Thesis, Dept. of Statistics, N. C. State Univ.,
Raleigh, NC.

Silverman, B. W. (1986), Density Estimation for
Statistics and Data Analysis, New York:
Chapman & Hall.

Figure Legends
Fig. O. (A) Histogram of intervals for AUDO.
There are 6203 intervals. (B) Histogram of
intervals for AUD20. There are 6750 intervals.
Binwidth for both plots is 1.0 msec.
Fig. 1. Simulated: Conditional boxplots for
simulated gamma renewal process (CG50A).
First cell is boxplot for subsequent intervals
when conditioning intervals were in lowest 5
percentile of interval data, second cell represents
5-10 percent, etc.
Fig. 2. Simulated: Conditional interval
histograms. Each histogram contains 500
intervals. Binwidth is 1.0 msec. Histograms are
arranged according to magnitude of conditioning
intervals with upper left being smallest and

. bottom right being largest.
Fig. 3 Simulated: Conditional mean, quantiles,
standard deviation, and coef. of variation (cv)
plots. The abscissa is the midpoint of the 5%
quantile bin of the previous interval, ordinate is
statistic of subsequent interval.
Fig. 4. Simulated: Scatterplot with overlaying
contours (upper plot) and perspective (lower
plot) for consecutive interval pairs (Tn,Tn+.l).
Fig. 5. Simulated: Scatterplot with overlaying
contours (upper plot) and perspective (lower
plot) for cuberoot transformation of consecutive
interval pairs (Tn,Tn+l)'
Fig. 6. Simulated: S<:atterplot with overlaying
contours (upper plot) and perspective (lower
plot) for log transformation of consecutive
interval pairs (Tn,T +.1)'
Fig. 7. AUDO: Con3itional boxplots for 0 dB .
Fig. 8. AUDO: Conditional interval histograms.
Each histogram contains about 310 intervals and
binwidth is 1.0 msec.
Fig. 9. AUDO: Conditional plots for 0 dB.
Fig. 10. AUDO: Scatterplot with overlaying
contours (upper plot) and perspective (lower
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