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from Central Australia, for which frequency measurements from one example are
shown in the upper diagram of fig.1.
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Figure 1.

For this type of melodies is has been proven useful to analyse the frequency content in
terms of a frequency-duration graphs: All measurements are grouped in classes (e.g.
1/4 Hz or 1/2 Hz classes) and the number of occurrences for each class is determined;
the duration of each (center-)frequency can than immediately be calculated. The basic
idea behind this is, as has been shown by psychophysical experiments, that the longer
a frequency is produced during the performance of an item the more relevant it is for
pitch perception. The frequency duration graphs (like lower graph in fig.1) show a
series of crests (five in the given example) of which most have a clear center or main
frequency peak. Subsequently, the combined analysis of the time-frequency and
frequency-duration data allows to determine dominant frequencies, stability of intona-
tion, intervals of the item, etc. (see e.g. Will and Ellis 1996) The significance of this
information increases if we analyse more than one item. The lower graph of fig.1
shows the frequency-duration plots of two items (two verses with the same text) and it
is immediately obvious that not only the frequencies are nearly the same (deviations do
not exceed + 1Hz) but also the durations are nearly perfectly reproduced. These results
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demonstrate not only a very precise and stable text-melody interlocking but also an
extraordinary perfection of frequency production and, consequently, an extreme sense
of pitch of Australian singers. The stability of frequency production can be understood
as an expression of the narrowness of the pitch categories in the music concerned. In
other cultures, for instance Western Music, pitch categories are much broader and
frequency production shows considerably larger variability. Performing such an
analysis for many more items with different pitch levels, we are also able to reveal
underlying interval concepts. For example, the analysis of more than 50 song items
from Central Australia has given evidence that Aboriginal singers use an interval
system based on frequency differences, whereas almost all other musical cultures use
frequency ratio intervals (Will, submitted). Furthermore it could be shown that Aborig-
ines do not apply the principle of octave identity to the construction of their melodies
although they do make use of an isolated octave ratio interval in some of their songs.

My second example concerns the analysis of a specific rhythmic figure — a double-
beat pair — figuring prominently in Central Australian clap stick accompaniment. If we
measure the timing of the clap-stick beats by the points of their maximum amplitude
than a plot of the beat intervals results in figures like the upper diagram of fig. 2: there
are two types of intervals a shorter one of about 0.2-0.28 sec and a longer one of about
0.37-0.45 sec (the two ‘outliers’ of about 0.65 sec are two single beats being performed
instead of the double-beat pairs). Re-grouping the measurements in 1 msec classes (the
original recording had been sampled at a rate of 19.2 kHz) and plotting these measure-
ments in histogram form the grouping into the two types and the distribution within
each group are obvious (middle diagram of fig. 2).
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Figure 2.

However this histogram still contains a lot of information that is physiologically and

psychologically not relevant and that can be further reduced by the following consider-
ations:
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1) The time resolution of the (peripheral) auditory system is about 3 msec. This
means acoustic events must have at least a time difference of 3ms in order to be
perceived as different events.

2) Acoustic events separated by a time difference larger than 3 msec and smaller
than 20-30 msec do have a space direction but not a time direction, meaning that
although we perceive them as coming from certain directions of the surrounding
space, we are not able to tell which is the first and which the second. This resolu-
tion limit is probably caused by more central processes because it is basically the
same for different modalities (acoustic, visual, tactile).

Taking these two different time resolutions into consideration it seems justified to re-
group our measurements in 25-30 msec classes — differences smaller than this will be,
if at all, of little perceptual and cognitive relevance. (One could even argue that in our
example the ‘time resolution’ is likely to be coarser as we are dealing with rhythmic or
interval sequences, i.e. comparison of successive and not ‘simultaneous’ acoustic
events.) With 25 msec classes we obtain the lower diagram of fig.2. The shorter
interval shows a nearly normal distribution with a center-class mean of 0.2375 sec and
the longer interval has a mean of 0.4375 sec. The distribution of the latter interval
seems slightly skewed to the left, but analysis of the complete song is needed to tell
whether this is of any significance ( it is possible that the skewedness is caused by
some intervening factors like alignment of accompaniment with melody or text). For
the analysed song section the average ratio of the small interval (double-beat) to the
whole figure is 0.358 and the figure is performed at a speed of 90.56 figures/minute.

The above rhythmic figure has been notated and analysed by various researchers
in different ways and there is a continuing debate over which notation is the ‘right’
one. Two frequent notations are 1) dotted eighth note and a sixteenth note tied to a
quarter note and 2) eighth note and a quarter note. The ratio of the shorter interval to
the whole figure is 0.375 in the first notation and 0.333 in the second. For the analysed
song section with a ratio of 0.358, however, both notations are wrong and do not
describe the actual rhythm performed which is extremely difficult to notate precisely
in western notation. Although it can be argued that both notations can equally serve as
approximate notations (at the given tempo, both miss the second beat by less than 20
msec), they do not help understanding this rhythmic figure. Obviously, the above
analysed rhythm does not match simple triple or quadruple subdivisions of the whole
figure and a preliminary analysis of a large sample of songs from Central Australia
indicates that that this also hold for other songs. Rhythmic structures in this music do
not seem to follow structures reflected in Western notation. It is severely misleading to
analyse and understand this figure from an oral culture in terms of rhythmical concepts
evolved in and for a literal culture. The Central Australian double-beat figure does not
arise from simple triple or quadruple subdivisions of the whole figure and its origin
must be sought somewhere else. An interesting explanation of this rhythm has been
attempted by R. Moyle who tried to link this figure to the human heart beat sequence
(Moyle, 1995). Whether and to what extent this explanation holds can, however, only
be shown by analysis of a larger sample of this accompaniment figure from Central
Australia.

With these two examples I hope to have shown that analysis of electronic registra-
tions of musical behaviour is in no way limited to a mere physical description of sound
events. It even enables us to gain knowledge about perceptual and cognitive aspects of
a performance (and the performer) which are often thought to be accessible only via
the empathic mediation of a transcriber. Very likely the methods I have presented here
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are not applicable in all cases, and there are several types of music that require com-
pletely different approaches. Unfortunately, as a consequence of the quasi ineradicable
fixation on notation and ‘graphical descriptions’ musicology does not yet dispose of an
established body of methodological approaches for the analysis of automated registra-
tions. The Seashore group has done admirable work in this area and has indicated a
direction to take, although some of its methods need revision today.
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