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1 —> TEST SLIDE
2 —> waiting

Introduction
The starting point for this presentation consists of four solo polyphonic panpipe pieces that Hugo Zemp recorded in the field during the 1970s. 

All four pieces were performed by Manemaetare, a traditional musician of the ‘Are’are people on Malaita Island in the Solomon Islands. 

Between 1979 and 2001, Zemp published transcriptions of three of Manemaetare's performances. 

3—> 
Remarkable in these transcriptions are the kinds of detail and the amount of detail Zemp included.

At the top of the slide, one can see how Zemp depicted the 8 pipes of Manemaetare’s panpipe by means of diagrams. 

In these diagrams, vertical lines constitute a kind of tablature.

Among the panpipe’s 8 pipes of various lengths, most often two are played simultaneously. 

Zemp aligned these diagrams with notes that depict individual tones and simultaneous pairs of tones in the European-derived score in the middle of his transcriptions.

Pairs of notes that are simultaneous in the European-derived score correspond to thick vertical lines that are adjacent in the tablature.

In this way, Zemp's transcription conveys the sense in which Manemaetare's solo performance was "polyphonic" and shows the manner in which Manemaetare's panpipe made possible pairs of simultaneous tones. 

4—> 
For instance, above the third pair of notes in the slide, the short vertical line at the far right of the diagram corresponds to the tone Zemp transcribed as A5, one ledger line above the treble-clef staff, and the longer line to its left corresponds to A4 on the second space of the staff.



In the lowest part of his transcription, Zemp showed how long each tone was held. 

As the slide indicates, Zemp's transcription showed that the upper tone, A5, was held for the full value of the quarter note that represents it on the staff, whereas the lower tone, A4, not only was held throughout this duration but also continued to sound during almost all the duration of the following quarter note to which its note is tied.

In this way, the lowest part of the transcription conveys a distinction between legato and non-legato articulation.

5—> 
The present slide highlights how this distinction is related to another feature of the pieces that Zemp’s transcriptions portray.

According to Zemp, each dot below the staff notation corresponds to the duration of a 1/16th note.

Beneath the pair that consists of the upper and lower A’s that have a legato articulation and a quarter- note duration, there is a succession of 4 dots. 

Whereas the following A4-E5 pair of notes also has a quarter-note duration, it is instead aligned with 3 dots. 

The gap after these 3 dots indicates that there is a silence at the end of the quarter-note duration that would correspond to a 1/16th-note rest. 

In this way, the absence of a dot corresponds to non-legato articulation.

The dots below the score specify temporally even, periodic changes in acoustical volume or auditory loudness within the duration of the pair of A’s that continue during all but the final 1/16th duration of the A-E pair. Play

Pulses
In several traditions of the world's music, periodic changes within individual tones involve loudness and/or pitch and/or timbre. 

Instances include the slow undulations of tremulant and celeste stops on pipe organs, vibrato and chorus effects on Hammond organs, tremolo effects on vibraphones, vibrato and tremolo produced by voices and instruments, and the so-called "shimmering" sounds produced by carefully de-tuned fundamental frequencies in Balinese gamelan music—not to mention a famous scene from Walt Disney’s classic film "Pinocchio."

Zemp referred to these periodic changes in the panpipe pieces as pulsating "beats". 

His identification of them with 16th notes and his specification of the three pieces’ tempos in terms of quarter-note durations are between 92 and 96 per minute specifies the rate of these changes as close to 6 or 7 per second, i.e., approximately 140 to 170 milliseconds.

Such a rate has been of research interest beyond usual concerns of musical scholarship, for it is well within the range of approximately 4 to 8 per second for theta waves. 

Theta waves have been of interest in neurological studies that have involved working memory and relaxation as well as Parkinson's Disease and Alzheimer's Disease.  

Field Recordings
Because Zemp made his original field recordings accessible to future research by having them archived at CREM, the Centre de Recherche en Ethnomusicologie at the University of Paris Nanterre, one can assess the extent to which his highly elaborate transcriptions correspond to what one would actually hear when the pieces were originally performed. 

Since 1998, relevant software, which is free or almost free, has become widely available.

This software facilitates comparing what one hears with acoustically measured features of the sounds.
 
As a preliminary step in comparing Zemp's transcriptions with what one hears, one can determine the time of the onset of each tone or pair of simultaneous tones by examining each piece’s waveform. 

Onsets
6—> 
Each onset corresponds to the beginning of a relatively sudden, steep, extended increase in acoustical amplitude that corresponds to a quick increase in the audible volume or loudness at the beginning of each tone or pair of simultaneous tones.

In the slide, amplitudes are scaled in terms of decibels below the piece's maximum amplitude, and vertical arrows identify the beginnings of relatively sudden, steep, extended increases in amplitude. Play


7—> 
In the present slide, horizontal lines between arrows indicate the amount of time between two immediately successive onsets, that is their inter-onset interval or IOI.

Inter-onset Intervals
8—>
This slide tabulates the minimum and maximum values of the inter-onset intervals that correspond to specific durational values in 2 of Zemp’s transcriptions.

As the slide shows, the ranges of values for his eighth notes, quarter notes, dotted quarter notes, and half notes are quite close to about 320, 640, 960, and 1280 milliseconds. 

These values correspond quite closely to a usual European-derived understanding of the relative durations of eighths, quarters, dotted quarters, and halves.

Even without considering acoustical frequencies or perceived pitches, sudden steep extensive increases in acoustical amplitude or perceived loudness and the inter-onset intervals that result from them convey much of the structure in each piece. 



9—> 
The present slide displays some of the most important rhythmic structure in the piece Manemaetare called "Meo."

In the notation for "Meo," the longest repetition of IOIs is designated by the uppercase letter A and comprises almost all the onsets: more precisely, all but a relatively few final tones at the end.

Designated here as "codas," Zemp identified each of these concluding passages as a "special ending formula." Play

Analogical Relations
10—> 
In this slide, the first three onsets of the longest IOI rhythm that is repeated are labeled x, y and z. 

Comparing these onsets, onset x audibly precedes onset y by as much as onset y precedes onset z. 

Similarly, the first three onsets of the longest rhythm’s second iteration are labeled x1, y1, and z1, and one can hear that x1 precedes onset y1 by as much as onset y1 precedes onset z1.

As well, x precedes y by as much as x1 precedes y1 and y precedes z by as much as y1 precedes z1, and so forth for the remainder of the longest repeated IOI rhythm’s two iterations.  

More generally, onset x is related to onset y in the same way as onset x1 is related to onset y1. 

More formally, the IOI that comprises x and y is analogically related to the IOI that comprises x1 and y1. 

In terms of formal logic, such an analogy comprises a 2nd-order relationship between the pair that comprises x and y and the pair that comprises x1 and y1. 

Similarly for relationships between onsets y and z and between onsets y1 and z1. 

Indeed, similarly for all pairs of successive onsets in both iterations of the longest rhythmic repetition. 

To assess this aspect of rhythmic structure one can count analogically related pairs, and though counting is a numerical operation, counting such pairs of concrete individuals is a first-order operation that does not require the higher mathematics of ratios, surds, or imaginary numbers.   
 
In all his transcriptions, Zemp employed repetition signs to indicate that he considered the longest repetitions to be immediate and exact.

11 —> 
This slide shows that in "Meo," the longest repetitions within the longest repeated passage comprise similarly pairwise repetitions that are immediate and exact, as indicated here by the lower-case letter a.


12 —> 
In the piece Manemaetare called "Uuroi," the longest repetition is pairwise and exact.

13—> 
However, within the longest repetition are pairwise repetitions that are immediate and not only exact, as represented by the lower-case letter a, but also varied, as represented by the lower-case letter a modified by a single quote mark. Play

In Uuroi, the majority of IOIs and the onsets they comprise correspond exactly and are indicated by arrows, whereas ellipses mark the contrasting onsets.

Whereas these ellipses highlight gaps in Uuroi’s analogical structure, the immediate contrast between a and its variation is not just any difference.

Instead, this difference is partially "redeemed" or “compensated," as it were, at a less local level: that is, by repetition at the more extensive level of the longest repetition, where it is analogical.

14 —> 
The present slide shows that the piece Manemaetare called Hornbill, for which Zemp did not publish a transcription, comprises IOIs similar in size and proportion to the eighths, quarters, and dotted quarters of Meo and Uuroi.

15 —> 
The next slide displays exact and varied repetitions in Hornbill that span very brief successions of IOIs. 

Within the longest repetitions, these relatively brief figures are represented by lower-case a's with one, two, and three quote marks to indicate they are successive variations of the initial 'a' figure.

These variations on the initial 'a' figure proceed immediately, exactly, and pairwise before concluding with a figure that is imbricated with the beginning of the next iteration of the longest repeated rhythm.


Proportionate Differences
16 —> 
The remaining piece, namely, Naratana ni keni, comprises IOIs that Zemp notated by means of dotted eighths.

Whereas this piece's eighths, quarters, dotted quarters, and halves correspond closely to their counterparts in the three other pieces, the actual durations of the IOIs that Zemp notated by means of dotted eighths do not differ as clearly from those notated as eighths and quarters.

17 —> 
On one hand, the durations spanned by these immediately successive pairs of IOIs are quite close to the durations of the piece's dotted quarters.



18 —> 
On the other hand, the first of each pair of dotted eighths is both audibly and acoustically longer than the second of the pair. Play both.

19 —> 
Similarly, the durations that span three successive eighths in Zemp's transcription are quite close in total duration to the piece's dotted quarters.

20—> 
Further, with one exception the first of each group is both audibly and acoustically longer than those that follow. Play both.

The single exception occurs in the final iteration of the longest repeated passage, that is, just before the piece's coda.

Neither analogical nor redeemed, this exception can be considered "residual"—relative to the longest repetition.  

21 —> 
Otherwise, all the unusually long durations are analogically related, relative to the longest repetition, and they could be conveyed in European-derived notation by adding a dot-less fermata symbol over the initial note of each group.

In contemporary music theory, the similarity of the variants could be defined in terms of proportionate difference, in contrast to the disproportionate difference that would obtain between, for example, a dotted eighth and a 16th.




Legato and Non-Legato Articulations
Within the framework of IOIs that has just been outlined, one can assess the legato and non-legato articulations in Manemaetare's pieces.

Legato articulations are considerably rarer than non-legato articulations.

The three pieces for which Zemp published transcriptions comprise 127 IOIs within their longest repeated rhythms. 

Among these, he identified only 12 legato articulations: that is, fewer than 10%.

By close listening and inspection of the pieces' waveforms, I found a few more: specifically, 10, for a total of 22 among the 127, that is, about 17%.

22 —> 
As well, the piece for which Zemp did not publish a transcription, namely, Hornbill, yielded an additional 17, for a total of 39 legato IOIs among 180 IOIs, i.e., 22%.

In any event, non-legato articulations contribute substantially more to the pieces’ analogical structure than do legato articulations.

Nonetheless, considering the times at which legato and non-legato articulations occur within the pieces' longest repetitions reveals a tendency that could be considered to partially redeem or redress their rarity.

Briefly, among 90 pairs of offsets or "releases," in only 5, i.e., about 6%, does an articulation in the first iteration of the longest repeated rhythm differ in the second iteration's counterpart.  

Accordingly, one can conclude that legato and non-legato releases tend to conclude specific IOIs in the pieces’ longest repetitions. 

23 —> 
The next two slides illustrate this point by designating onsets with the letter o, inter-onset intervals with such letters as e and q for eighths and quarters, and pairs of equal signs to indicate legato articulations.

In Uuroi, the rarity of legato articulations is compensated by their occurrence at analogous times within the longest repetition’s iterations. 

24 —> 
In contrast, Meo has contrasts between legato and non-legato articulation at certain analogous times among 14 of the 39 IOIs within its longest repetition’s iterations. 

Nonetheless, despite these contrasts, Meo’s longest repeated rhythm tends to comprise not only onsets and their IOIs, but also releases or offsets that are articulated in particular ways and tend to match in both of the longest repeated rhythm's iterations.

Pulsations and Pulses
Concerning the throbbing pulsations Zemp described as"pulsating beats", one can observe that audible changes in the loudness and acoustical volume of these throbbing pulsations are less steep, less extensive than those of onsets and offsets.

Whereas visual inspection of waveforms can provide clear confirmation and measurement of what one hears as onsets and offsets, throbbing pulsations can be more challenging to determine, even if one listens to them at half speed.
25 —> Play 3 times each

As well, confirmation bias could lead one to ignore the rhythmic unevenness within some pulsations.

What might be termed the "inter-pulse intervals" or "IPIs" in such rhythmically uneven pulsations comprise one or more pairs in which one or more of the first, third, or fifth inter-pulse interval within an IOI is proportionately longer than, respectively, the second, fourth, or sixth, as exemplified by audio files linked to the next slide.
26 —> Play 4 times each

27 —> 
The next slide focuses on the number of pulses actually observed within pulsations and compares these with the number Zemp reported.

As this slide shows, Zemp over-estimated the number of pulses in individual pulsations by correlating them precisely with specific legato and non-legato IOIs.

Whereas the observations of actual pulsations reported here do not favour such a close correlation, they nonetheless suggest a strong tendency.


28—> 
Comparing the numbers of pulses that occur in the pulsations of the first and second iteration of the longest repeated rhythm, the next slide shows how they tally with its binary, powers-of-2 structure.

The only differences between counterpart pulsations in the two iterations involve a single pulse.

Disregarding such differences of a single pulse, Uuroi and Nanarata ni keni, in the top right and bottom left quadrants, comprise 8 similar shapes; Hornbill, 4; and Meo, 2. 

Zemp’s transcriptions specify a rhythmic structure that is highly idealized at all its levels and perfectly tidy, that is, thoroughly quantized in 16th notes and consistent at each level, resulting in a framework that sometimes conflicts with both hearing and measurement. 

Nonetheless, its great merit is that its grid-like framework can encourage one to consider its details empirically, where they reveal not merely a framework: instead, a framework that is slightly frayed—a slightly frayed framework.

In any event, such an empirical approach reveals that in each piece, the pulsation with the greatest number of pulses occurs within the first or second IOI.

EXPENDABLE?

The temporal proximity of the pulses within a pulsation groups all, or almost all, of the time within an IOI.

In this respect, pulsations that comprise the greatest number of pulses constitute the most salient grouping. 

Reminiscent of Curt Sachs's notion of "tumbling strains," the shapes in this slide feature general, schematic declines: declines not in acoustical frequency or perceived pitch, but also in pulsatile salience.

Higher and Lower Pitches 
29 —> 
If one listens even more closely and compares even smaller, finer increments of time, one can observe two tendencies among the volumes and loudnesses of simultaneous tones that have higher and lower pitches, and their acoustical counterparts, which have faster and slower frequencies.

First, as illustrated in the leftmost portion of the slide, within entire dyads, the higher of two simultaneous tones tends to be louder and more voluminous than the lower tone. 

This observation is consistent with Zemp’s report that  the melody in the 'Are’are’ idiom of large-ensemble panpipe music comprises higher pitches than other parts of the texture.

Second, during the beginning of a dyad, the lower tone tends to become louder and more voluminous. 

As well, its frequency becomes more narrowly focused, more determinate, less inchoate.

Indeed, about 160 milliseconds after a dyad’s onset, the arrival of what might be termed a lower tone’s "mature volume" is often heard as simultaneous with the first of a tone’s pulses, just as a sudden decrease in volume before a non-legato articulation is heard as its last pulse.

Nonetheless, as the slide shows, the lower tone’s volume might not reach maturity until about 320 milliseconds have passed; then, its arrival might even predominate during the sound of the second pulse. Play2324

Conclusion
To conclude, it is a truism that "rhythm" is always the rhythm of something. 

The present presentation has focused on the rhythm of changes in audible loudness and acoustical volume. 

Whereas European-derived analysis has tended to focus on the rhythm of pitches, there is much to be learned analytically about Manemaetare’s solo polyphonic pieces for panpipe by focusing first on changes in loudness and volume, and distinguishing between analogical relations and tendencies and between differences that are recovered or redeemed and those that are residual. 


