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Summary: This paper presents a comparison of spectral analysis with 
period-amplitude analysis when applied to the quantification of narrowband 
electroencephalographic (EEG) activity. In particular, it examines their re
spective usefulness in quantifying on the average the electrographic content 
within the delta-frequency band of EEG epochs during human stage 4 sleep. It 
is shown that while the power spectrum efficiently quantifies the overall power 
trends in the EEG data, period-amplitude analysis seems to offer more resolu
tion than the power spectrum in detecting electrographic details in amplitude 
and incidence within relatively narrow frequency bands. Examples are given of 
the sensitivity of spectral analysis to both wave amplitude and incidence, and 
of the fact that--due to the inherent averaging process in the power spectrum 
generation-spectral analysis cannot differentiate between low-amplitude, 
high-incidence EEG activity and high-amplitude, low-incidence EEG activity, 
in contradistinction to period-amplitude analysis. It is also shown that although 
two EEG epochs may exhibit similar power spectrum plots, their correspond
ing period-amplitude plots may not be similar. It is emphasized that discrepan
cies may exist when comparing spectral to period-amplitude analysis due to 
differences in the definition of "frequency" in the two techniques. Key Words: 
Electroencephalogram-Power spectrum-Period-Amplitude-Delta waves. 

In the last two decades much effort has been directed toward the general prob
lem of automating electroencephalogram (EEG) analysis. Various techniques have 
been proposed for the automatic detection of particular waveforms, quantification 
of background rhythms, sleep EEG staging, and automatic EEG report generation 
(Kellaway and Petersen, 1973, 1976; Dolce and Kunkel, 1975; Gevins et aI., 1975; 
Remond, 1977; Smith, 1978; Barlow, 1979). With the advent offast and relatively 
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inexpensive general-purpose minicomputers equipped with efficient fast Fourier 
transform (FFT) algorithms, spectral analysis has become a popular technique for 
the analysis of EEG data in the frequency domain (Dumermuth et aI., 1975). On 
the other hand, time-domain EEG analysis techniques, especially period
amplitude analysis (Burch et aI., 1964; Stigsby et al., 1973; Sharp et aI., 1975; Barr 
et aI., 1978), are also popular, primarily due to the fact that results derived from 
these techniques may agree more closely with visual EEG analysis than results 
obtained via spectral techniques (Schenk, 1976). 

Spectral analysis can provide an efficient quantification of overall broadband 
rhythms present in an EEG epoch. Thus, EEG data presentation in terms of 
compressed spectral arrays (CSA) has proven useful in long periods of recording 
(Bickford, 1977). However, being an averaging process over a given time window 
of data, spectral analysis does not characterize EEG details well, in particular 
transients such as sleep O"-spindles or K-complexes. Period-amplitude analysis, on 
the other hand, since it treats the EEG as a superposition of waves with particular 
individual periods and amplitudes, can be used for detailed EEG quantification by 
measuring the EEG duration and peak amplitude between successive zero
crosses. Therefore, it can be used to measure time-domain characteristics within a 
narrow EEG frequency band, and in some ways of operating it has proven useful 
for the detection of EEG transients such as K-complexes and sleep O"-spindles 
(Bremer et aI., 1970; Smith et aI., 1975). However, when period-amplitude 
analysis is used by averaging individual wave periods and peak amplitudes over a 
given time window of narrowband EEG data, one might expect both spectral and 
period-amplitude analyses to give similar results. 

This paper presents a comparison of spectral analysis and period-amplitude 
analysis as they are used to quantify on the average the electrographic morphol
ogy of epochs of narrowband EEG data, in particular activity within the delta
frequency band of human sleep EEG. 

METHODS 

Data Acquisition 

The recording of the sleep EEG (male young adult) was made with a Grass-78 
polygraph. The low-frequency time constant ofthe polygraph amplifiers was set at 
1 sec, which corresponds to a lower frequency cutoff with 50% attenuation at 1 
Hz. Three pairs of EEG electrodes were placed in accordance with the 10-20 
International System as follows: F}/F7' C3/A2 , 03/0ZPz (Williams et aI., 1974). In 
addition, two pairs of electro-oculogram (EOG) electrodes were utilized. All data 
channels were recorded on paper at a speed of 15 mm/sec and on magnetic tape 
using a Sangamo-3500 FM tape recorder at a speed of 15116 ips. The raw (paper) 
EEG data were manually scored for sleep stages using the criteria of Williams et 
ai. (1974). 

Artifact-free periods of sleep stage 4 from the F}/F7 electrode derivation were 
played off-line from the Sangamo-3500 tape recorder, at a real-time speed, into the 
analog-to-digital (AID) converter (12-bit resolution) of a TI-980A general-purpose 
digital minicomputer. The reproduced raw EEG signal was passed through a 
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SPECTRAL vs. PERIOD-AMPLITUDE ANALYSIS 195 

bandpass prefilter with a bandwidth of O. 1 -9 Hz (12 dB/octave roll-offs) before it 
was fed into the AID converter. Since we were interested in EEG activity of up to 
about 3 Hz (delta-activity band), and since most of the time this activity appears in 
aperiodic bursts, we utilized a wideband analog prefilter in order not to distort or 
attenuate such activity. The choice ofthe optimum bandwidth for the prefilter was 
based on previous work on rapid eye movement-related EOG waveform detection 
(Ktonas and Smith, 1978). The filtered EEG signal was sampled at 128 samples/ 
sec, and the resulting digitized data were stored on disk for further processing. All 
subsequent data analysis was done on the TI-980A minicomputer. The digitized 
data were divided into 16-sec epochs, and each epoch was subjected to both 
period-amplitude and spectral analysis. Before the period-amplitude detection and 
the power spectrum computation, the mean value for the 16-sec EEG epoch under 
investigation was calculated and subtracted from the data. 

Period-Amplitude Detection 

The method consisted of finding the period and peak amplitude between two 
consecutive zero-crossings which define an EEG half-wave. The zero-crossings 
were detected by positive-to-negative and negative-to-positive transitions of the 
sampled EEG. The use of analog bandpass prefiltering and the low sampling rate 
minimized the chances of detecting zero-crosses due to high-frequency noise 
(Carrie, 1973). However, in order to prevent any residual small-amplitude, high
frequency noise from contributing to false zero-crossings, minimum amplitUde 
and period criteria (threshold criteria) were used (Sharp et a1., 1975). The period of 
the EEG half-wave was calculated by counting the number of samples between 
two consecutive zero-crossings and by multiplying this number by the inverse of 
the sampling frequency. The peak amplitude was calculated by finding the 
maximum-valued sample between those two zero-crossings. Both positive-going 
and negative-going half-waves were analyzed, and therefore, the absolute value of 
the peak amplitude between two zero-crossings was calculated. 

Power Spectrum Computations 

Power spectra were computed via FFT techniques (Bendat and Piersol, 1971). 
Before being transformed, the first and last 10% of the data were tapered with a 
cosine window to minimize leakage. Frequency-domain smoothing was performed 
to increase the statistical stability of the spectra. Nine contiguous frequency com
ponents of the raw power spectrum were averaged, resulting in a frequency reso
lution of about 0.56 Hz for the smoothed spectrum. 

Data Presentation 

The minimum and maximum spectral frequency components were arbitrarily 
set at 0 and 2.5 Hz, respectively. The range 0-2.5 Hz does not correspond to the 
delta band as used in sleep research (0.5 - 3.0 Hz), but it is very close to it, and 
since the objective of this work was not to perform a statistical analysis on the 
delta band proper, but to provide methodological insight, it was thought accept-
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TABLE 1. Frequency bands llsed for power spectrum and period-amplitude analysis 

Frequency bounds 
of averaged 

Frequency band spectral components 
number" (Hz) 

I 0-4/'6 or 0-0.25 
2 5/ ,6 - \3/16 or 0.3\-0.8\ 
3 14!t6-221!6 or 0.87 -1.37 
4 23/ ,6 -31/16 or 1.43-1.93 
5 32/ 16 -4°/ 16 or 2.00-2.50 

Final spectral 
frequency 

bounds 
(Hz) 

0-0.28 
0.28-0.84 
0.84-1.40 
1.40-1.96 
1.96-2.53 

" Smoothed spectrum and period-amplitude analysis plots. 
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>227 
226-75 
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SPECTRAL vs. PERIOD-AMPLITUDE ANALYSIS 197 

able. The remaining components from the Fourier spectral analysis (up to 64 Hz) 
were discarded. Table 1 presents the final frequency bands obtained and the 
corresponding frequency ranges. As shown in this table, the first spectral fre
quency band (0-0.25 Hz) had five elementary spectral estimates included in it, 
while each of the remaining four bands included nine elementary spectral esti
mates. The final spectral frequency bounds were chosen for continuity purposes. 
Note that each final spectral frequency bound was derived from the corresponding 
frequency bound of averaged spectral components by augmenting the latter by 
one-half the elementary spectral band (about 0.03 Hz). The frequency band in 
which a particular half-wave belonged was computed as the inverse of twice its 
period. Care was taken to match as closely as possible the frequency bounds of 
those bands to the ones defined from spectral analysis. Table 1 shows that the 
frequency bounds of the five bands derived from period analysis are very close to 
those defined from spectral analysis (Final spectral frequency bounds, Table I). 
The few discrepancies shown were unavoidable, since they were due to the choice 
of the elementary spectral band, the number of the contiguous spectral compo
nents which were averaged, and the sampling frequency. 

For each 16-sec EEG epoch the percentage of half-waves (occurrences) in each 
frequency band and the average half-wave peak amplitude for that band were 
obtained and plotted as histograms. These histograms were compared visually to 
the power spectrum plot for the corresponding EEG epoch. 

RESULTS 

Figure 1 is an example of the data presentation for the comparison of period
amplitude analysis to spectral analysis: part (a) shows the 16-sec EEG epoch 
(analog prefiltered data) that was analyzed; part (b) shows the percentage of 
occurrence of the EEG half-waves in each of the five frequency bands of interest; 
part (c) shows the average of the half-wave peak amplitudes in each of the five 
frequency bands; and part (d) shows the power spectrum ofthe EEG epoch in (a). 

In general, the power spectrum effectively quantified the overall presence of 
slow EEG activity (delta waves) in the epoch under investigation. However, there 
were cases of a pair of epochs exhibiting the same power content for the same 
frequency bands of the power spectrum, while showing different percentage of 
occurrence of EEG half-waves in those bands. Figure 2 presents an example of 
such a discrepancy: In both parts of the figure, the spectral power in the frequency 
bands 1-4 is almost the same; however, Fig. 2A shows less percentage of half
wave occurrences in the fourth band than does Fig. 2B, while the latter shows a 
greater percentage in the third band and less in the fifth band than Fig. 2A. 
Therefore, although two EEG epochs can be labeled "equivalent" for certain 
frequency bands, as far as their power spectra are concerned, detailed differences 
in their electro graphic morphology seem to be detected through period analysis. 
This should not come as a surprise, since the concept of "frequency" in spectral 
analysis is different from that used in period analysis, and it may lead to the 
disagreement shown above (see Discussion). 

In most cases, it was observed that the spectral plots did not resemble the 
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FIG. 1. (a) Analog prefiltered EEG data. (b) Percentage of occurrence of EEG half-waves vs. fre
quency. (c) Average peak amplitude of EEG half-waves vs. frequency. (d) Power spectrum of EEG 
epoch in (a). Observe the differences between the power spectrum and the percentage of occurrence 
plots. 

corresponding percentage of occurrence plots. Usually, the occurrence plots 
showed a peak within the fourth frequency band (1.45-2.00 Hz), while the corre
sponding power spectrum plots showed a peak within the third frequency band 
(0.84-1.40 Hz). This discrepancy in the position of the "dominant" frequency 
within the delta band, which is seen in Fig. 2, can be explained by the already 
mentioned differences in the definition of frequency in the two methods of 
analysis. Another explanation, related to the above, is the fact that spectral 
analysis is amplitude-sensitive, while period analysis is not. Therefore, frequency 
components of high amplitUde result in a larger contribution to the power spec
trum than components of lower amplitude-which, nevertheless, show a contri
bution, proportional to their number, to the occurrence plot. This effect is clearly 
seen in Fig. 3: although the second frequency band shows a very low percentage 
of occurrence, the power spectrum plot exhibits a considerable amount of power 
in this band, since this band has the highest mean peak amplitude of all bands due 
to high-amplitude waves (underlined portion in Fig. 3a). Conversely, although the 
third and fifth frequency bands show almost the same percentage of occurrence, 
the power spectrum plot shows considerably less power in the fifth band because 
this band has about three-fourths the mean peak amplitude of the third band. The 
overall effect of the above may have resulted in the power spectrum plot showing 
a peak at the third frequency band, while the percentage of occurrence plot shows 
a peak at the fourth band. 

Most of our data indicated that the power in a power spectrum plot is propor-
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199 

FIG. 2. Same data arrangement as in Fig. I. Observe the similarity in the power spectrum plots of 
parts A and B. This similarity does not exist for the corresponding frequency bands in the percentage 
of occurrence plots. For both parts (A and B). observe the power content in the second frequency band 
of the power spectrum plot, which does not exist in the period-amplitude plots. 

tional to both the incidence and amplitude of EEG activity in a particular fre
quency band, as expected. An example of this is shown in Fig. 4, where the power 
maximum at the third frequency band of the power spectrum plot seems to be the 
result of corresponding maxima at the same frequency band in the percentage of 
occurrence and mean peak amplitude plots. Also, the existence of more power in 
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FIG. 3. Same data arrangement as in Fig. 1. Observe the activity of high amplitude and low occur
rence in the second frequency band, while the fourth frequency band contains high-occurrence but 
low-amplitude activity. However, the power spectrum shows about equal power content in both 
frequency bands and cannot detect the underlined phasic EEG event, which seems to be detected by 
period-amplitude analysis. 

the fourth than in the second frequency band of the power spectrum plot seems to 
be due to the higher percentage of occurrence in the fourth frequency band, since 
both bands exhibit similar mean peak amplitude values. However, this propor
tional influence of the percentage of occurrence and/or of mean peak amplitude on 
the power spectrum was not always that clear, as can be seen in Fig. 2A; here, the 
power spectrum plot shows more power in the third than in the fifth frequency 
band, although both bands show similar mean peak amplitudes and the third band 
shows a lower percentage of occurrence than the fifth one. In Fig. 2B a similar 
paradoxical situation exists for the same frequency bands; although they both 
exhibit almost the same mean peak amplitude and percentage of occurrence, their 
respective power content in the power spectrum plot is very different. These 
discrepancies can be attributed to the difference in the definition of frequency in 
the two methods of analysis (see Discussion). 

Almost all the computed spectra showed the presence of power in the first and, 
especially, second frequency band. No percentage of occurrence plot showed any 
activity in the first band, and only about 60% ofthese plots showed activity in the 
second. In the latter case, the activity in the same band of the spectrum was 
proportionately much more pronounced (see Fig. 1). This can be explained by the 
fact that the power spectrum, resulting from a decomposition of the EEG data into 
their Fourier components, can quantify the power in low-frequency EEG activity 
which possibly exists as a slowly varying trend (i.e., variation in base-line level) in 
the EEG epoch, and which does not manifest itself as a visually obvious electro-
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FIG. 4. Same data arrangement as in Fig. I. Observe that the power in the power spectrum's bands is 
explained by taking into account the information present in the period-amplitude plots. 

graphic event. On the other hand, period analysis cannot quantify such phenomena 
because faster events, such as well-defined delta waves, are superimposed on the 
slow fluctuations. These faster events provide well-defined zero-crosses, thus 
"masking" the slow fluctuations. Of course, the already mentioned difference in 
the definition of frequency in the two methods of analysis may also contribute to 
this discrepancy. 

DISCUSSION 

Both spectral and period-amplitude analyses are quantification tools that enable 
the investigator to estimate the "amount" of activity in various EEG frequency 
bands of interest. While the power spectrum efficiently quantifies overall power 
trends by combining incidence and amplitude information for a particular EEG 
frequency band, period-amplitude analysis, as presented here, seems to offer 
more resolution than the power spectrum in detecting electro graphic details in 
amplitude and incidence within that EEG band. Therefore, we expect period
amplitude analysis to separate the power in a particular power spectrum fre
quency band to its two components, incidence and amplitude. 

One of the issues raised in Results is that of the difference in the definition of 
"frequency" for the two techniques compared here. This difference can lead to 
spectral analysis showing power in frequency bands where period-amplitude 
analysis indicates no entry (see Fig. 2). Spectral analysis relates to a process in 
which one tries to fit, with the least possible error, a series of continuous (peri
odic) sinusoidal functions to the whole length of the data in the EEG epoch under 
investigation; in period-amplitude analysis, individual half- or full-waves of the 
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EEG are examined, one at a time, for duration and amplitude. As a result, the 
concept of "frequency" is different in the two techniques: in spectral analysis, by 
"frequency" one refers to the frequency of the periodic sinusoidal wave which is 
fitted to the whole length of the data, while in period analysis the term "fre
quency" refers to the inverse of the period between every other zero-level cross
ing of the EEG. This difference in definition may lead to disagreement about the 
amount of activity in corresponding frequency bands and about the location of 
maxima in the plots if an epoch is analyzed by both techniques, as shown in 
Results (see Figs. 2 and 3). Undoubtedly, spectral analysis may thus lead to the 
quantification of power in frequency bands which are not obvious from a visual 
analysis. For example, if one does a spectral analysis of one delta wave, which can 
be modeled as one-half of a sine waveform, a DC component will be obtained. 
Period analysis of the same delta wave will show an absence of any DC activity. 
Another example relates to very slow trends in the data (e.g., slow variations in 
base-line levels). In such cases, period analysis, relying on the presence of well
defined zero-crosses of activity superimposed on the slow trend, mimicks visual 
analysis and is unable to detect these slow-frequency components, which, how
ever, will be detected by spectral analysis. Therefore, one may argue that spectral 
analysis is more sensitive to subtle trends in the data than is period-amplitude 
analysis. However, the presence of low-frequency content in the spectral plots 
may be misinterpreted to be due to phasic slow activity (e.g., isolated slow delta 
waves) rather than to a continuous slow trend, since spectral analysis cannot 
distinguish between the two in a satisfactory way (compare Fig. 2 to Fig. 3). 

In the same vein, EEG epochs in which there exist randomly occurring 
amplitude discontinuities in terms of high-amplitude phasic EEG events, such as 
high-amplitude aperiodic delta waves, may give different results when analyzed 
by spectral and by period analysis techniques. This happens because the 
amplitude discontinuities are of pulselike nature and thus introduce harmonics of 
their fundamental frequency in the Fourier (spectral) domain. These harmonics 
are spread in adjacent spectral bands, thus contributing power which period 
analysis cannot quantify-"by definition." In such cases, period analysis regis
ters only the contribution of the pulselike EEG activity's fundamental frequency, 
which is the inverse of the pulse's period. In addition, in these cases, spectral 
analysis, being an amplitude-sensitive technique, will indicate power content pro
portional to the phasic event's amplitude (see Fig. 3). However, ifthe epoch under 
investigation contains narrowband EEG activity of quasi-stationary, periodic na
ture (i.e., absence of randomly occurring phasic events) with no base-line trends, 
both spectral and period analysis techniques should provide similar results about the 
frequency content of the EEG epoch. In other words, in such cases both spectral 
and percentage of occurrence plots will have roughly the same range and shape, 
although some differences may still exist between these plots (see Fig. 4, fifth 
frequency band). 

Our data indicated that two EEG epochs may have similar power spectra while 
exhibiting different electrographic morphology (see Fig. 2). This should not come 
as a surprise, since power spectra do not retain any phase information. Therefore, 
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there is an infinity (at least theoretically) of time records that could correspond to 
a given power spectrum. In cases like the above, period-amplitude analysis seems 
to provide a sensitive tool for the quantification of time-domain electrographic 
details. For example, in Fig. 2, the two EEG epochs, although different in time 
structure, give rise to similar power spectra. However, although their peak 
amplitude plots are also similar, the corresponding percentage of occurrence plots 
indicate some differences. Notice that due to the inherent averaging process in the 
type of period-amplitude analysis presented in this paper, these differences do not 
correspond clearly to the visually obvious electrographic differences. Neverthe
less, from the examples presented in this paper, one can conclude that period
amplitude analysis can efficiently uncouple the contribution of incidence and 
amplitude to the power spectrum. In cases of quasi-stationary EEG data (Figs. 1, 
3, and 4), one could "synthesize" approximately the power spectrum plot from 
the percentage of occurrence and mean peak amplitude plots. However, when the 
EEG data are nonstationary in nature (e .g., presence of transients different from 
background or of strong and sudden modulations; see Fig. 2A), the corre
spondence of the power spectrum plot to the percentage of occurrence and mean 
peak amplitude plots is not that clear. This is due mainly to the difference in the 
definition of "frequency" between the two techniques, as elaborated extensively 
above. In some cases (see Fig. 3), period-amplitude analysis can indicate the 
presence of isolated events (waves) of high amplitude (phasic events) (underlined 
portion in Fig. 3a), while spectral analysis does not provide such a discriminatory 
capability. In other words, the power content in the second frequency band of Fig. 
3d could have been the result of several slow delta waves, and not of just a single 
large one as the period-amplitude plots indicate. In fact, the power spectrum 
shows about equal power content in the second and fourth frequency bands, since 
the fourth frequency band contains higher-occurrence but relatively lower mean 
peak amplitude activity than the second band. 

Not many authors have compared period-amplitude analysis to spectral 
analysis. Beatty and Figueroa (1974) analyzed short segments (1.024 sec) of awake 
EEG data and concluded that period analysis methods agree with spectral ones in 
the estimation of the percentage of power in broad EEG frequency bands of major 
interest (e.g., alpha and beta bands). However, theirs was a broadband analysis of 
quasi-stationary EEG activity devoid of phasic events and of short duration, 
which could lead to similar results for both period and spectral analysis methods 
(see above). 

The usefulness of separating the incidence from the amplitude component of 
EEG activity in a particular frequency band, an inherent characteristic of period
amplitude analysis, has been emphasized by many investigators. Kardel and 
Stigsby (1975) showed that the amount of EEG activity as given by period analysis 
changed in some frequency bands when passing from control subjects to patients 
suffering from cirrhosis of the liver. Amplitude measurements in those frequency 
bands yielded little useful information. Carrie and Frost (1973) reported an in
crease in the number of waves in the beta-frequency band of the EEG during 
administration of flurazepam hydrochloride, with no detectable change in mean 
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wavelength (period) or mean amplitude of EEG full-waves. In a similar vein, 
Feinberg et ai. (1977) found that oniy amplitude-free measurements of the period 
of EEG half-waves in the delta-frequency band showed the effect of flurazepam 
on the delta activity during sleep. 

Some authors have reported on the degree of agreement of visual analysis to 
period-amplitude and spectral analysis methods as applied to narrowband EEG 
data. Feinberg et al. (1978) showed that period-amplitude analysis can confirm 
observations based on visual analysis, in that the decline in the visually scored 
sleep stages 3 and 4 with age is actually produccd by a decline in the delta 
amplitude and density, specifically by a decline in the number of delta waves in 
the slower end of the delta band. Similar results were given by Smith et al. (1977), 
who also used period-amplitude analysis in the delta-frequency band of the sleep 
EEG and found that the delta-wave amplitude, as well as the incidence of delta 
waves above a certain peak amplitude, decreases with age. Isaksson and 
Wennberg (1975) compared visually evaluated slow activity (VESA) in the EEG, 
described as a broadband signal within the delta EEG band, and its corresponding 
spectral signature. They found a linear correlation between the degree of VESA 
and the bandwidth and power of the delta spectral frequency band. However, no 
detailed analysis of the slow activity was attempted. 

The use of broadband spectral analysis for automated EEG processing is jus
tified, since it provides rough information about the overall power of the EEG data 
in broad frequency bands that are similar to those of the visual analysis (Bickford, 
1977; Bickford et aI., 1973). However, further detailed processing (e.g., sleep 
EEG staging) based on spectral estimates may not correspond to visual analysis 
(Smith, 1978). If the temporal composition of the EEG patterns in terms of de
tailed characteristics of periods and amplitudes within a particular frequency band 
(e.g., delta band) is an important aspect of the EEG quantification, then period
amplitude analysis, as presented in this paper, although it may not contain all the 
gestalt information existing in the original raw EEG data, seems to be preferable 
to narrowband spectral analysis. Although period-amplitude analysis involves av
eraging within the data window of observation in terms of estimating percentages 
of occurrence and mean peak amplitudes and arranging these into artificially 
created frequency bins, the resulting histograms seem to preserve more detailed 
information about the EEG time history than the corresponding spectral plots, 
especially by separately quantifying the incidence of EEG half-waves and their 
respective peak amplitudes. In addition, the combined use of occurrence and 
peak amplitude plots seems to offer a method for detecting isolated phasic events 
of high amplitude, as shown in Fig. 3, where the underlined EEG portion contrib
utes a low entry in the second frequency band of the occurrence plot but a high 
entry in the same band of the amplitude plot. However, this method breaks down 
when additional events of similar duration but smaller amplitude exist in the data. 
In such cases, the averaging process will decrease the contribution of the phasic 
event to the peak amplitude histogram, and period-amplitude analysis, as well as 
spectral analysis, will not be able to detect its presence. 
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