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Abstract: Mantle Hood's notion of bi-musicality coined on the model of bilingual, applied to 
people able to play music from two different cultures. This notion is still used and discussed today 
although it is redefined in the era of globalization and postcolonial issues where cultural boundaries 
tend to become blurred. Artificial intelligence could bring new developments in this area with 
artificial crativity and machine learning being some kind of extensions of human musicality and the 
learning to play musical instruments. This paper explores such ideas with a case study on the 
analysis of marovany zither music. This traditional zither from Madagascar is played during trance 
rituals for very long periods of time. In order to make transcriptions of these long pieces, we have 
designed sensors adapted to the instrument with the goal of collecting MIDI date from the playing 
of Malagasy musicians. These data are then processed by a computer program devoted to music 
improvisation which is able to play in the style of these native musicians. The outputs of the 
program are good enough to allow duets between a musician and the computer. Musicians reacting 
to the outputs of the machine can shed new light on the analysis of their repertoires. By refining the 
generation parameters, we can hope to get closer to an optimal characterization of the music 
studied.

Keywords: Bi-musicality ; Artificial intelligence ; Machine learning ; Computer improvisation ; 
Malagasy zither ; marovany ; tromba rituals ; Ternary-binary ambiguity.   

Introduction

The notion of bi-musicality was first introduced by Mantle Hood in his influential paper published 
in 1960 and this notion is still used and discussed today. The term itself, bi-musicality, was coined 
on the model of bilingual, a word which applied to somebody who is fluent in two different 
languages belonging to different communities, underlining the fact that both music and language are
attached to human groups or communities. Hood's idea was not directly related to fieldwork, but 
was mainly concerned with a general notion of musicianship and its relation to the training in music
and its benefit for the comprehension of theoretical aspects of music. As he wrote :

”The training of ears, eyes, hands and voice and fluency gained in these skills assure a real 
comprehension of theoretical studies, which in turn prepares the way for the professional activities 
of the performer, the composer, the musicologist and the music educator.” (Hood 1960, 55)

When applied to fieldwork in ethnomusicology, the idea of bi-musicality refers to the four 
theoretically possible roles for researchers in social sciences conducting fieldwork : complete 
participant, complete observer, participant-as-observer, observer-as-participant (Gold 1958, 217). 
Becoming bi-musical means that the researcher reinforces his/her role as a participant. John Baily 
outlined the benefits of this approach to the researcher of gaining status in the community and 
finding opportunities to be involved into performance event, a central issue for study in 
ethnomusicology (Baily 2001, 95-96). 

Today the term bi-musicality is now a taken-for-granted part of the ethnomusicologist’s 



methodology (Rice 2014, 21). But in the era of globalization and post-colonial issues, some new 
perspectives have appeared. When the term was introduced more than sixty years ago, what is today
called World music was not yet established. Nowaday cultural boundaries tend to become blurred, 
and the idea of learning the music of non-Western cultures is no longer the work of 
ethnomusicologists. Individual musicians may decide to become masters of a music of which they 
are not native (Deschenes 2018, 276). In this article, we would like to show that technology can also
bring new questions on this subject through the use of artificial intelligence and machine learning. 
In fact, the discussions in computer science about the musicality of machines are at the heart of 
recent developements in artificial creativity and it is a natural issue to ask whether a machine can 
also become bi-musical.

This article is devoted to the analysis of the repertoire of a traditional zither from Madagascar called
marovany. In the first part, we will describe the design of sensors adapted to the instrument in order 
to make automatic music transcription and then to process the resulting MIDI data in a generative 
improvisation software. In the second part, we will analyze some features of the music played on 
this instrument mainly from a rhythmical point of view. In the last part, we will show how artificial 
intelligence and its machine learning capacities can be involved in the study of this music in a way 
similar to the learning of music by ethnomusicologists suggested by the term bi-musicality.

1) Sensors and machine learning about Madagascar marovany zither

The marovany zither (usually made of wood) is derived from the valiha (made of bamboo), that is 
considered as the national musical instrument of Madagascar. The marovany is a tall zither in the 
form of a rectangular box made in plywood. The metallic strings, measuring up to 1,20 m, and 
mostly coming from brake cables for motorcycles, are stretched on each side of the box. They are 
nailed at each end of the sides, and are raised by easels made in rosewoods. The position of the 
easel along a string determines its pitch. Thus when you play a piece, a single pitch corresponds to 
each string. However, musicians may switch pitches and the tuning of their marovany between 
different songs. The wood type, the sizing and the number of strings of a zither are not fixed. Each 
set of strings of the marovany forms, like the famous tubular zither valiha, an alternating diatonic 
scale, although tuning deviations from the well-tempered scale are often observed. 

Originally, the marovany zither is a traditional instrument of Madagascar mainly played during 
trance rituals called tromba. In this context, the zither is played for extremely long periods of time 
(several hours without interruption) with the accompaniment of rattles and the clapping of the 
audience. During the few possession sessions I attended in the south of the country, I was struck by 
the very strong interaction between the zitherist and the person who was to fall into trance, the latter
reacting with controlled and synchronized twitches to the music while sometimes violently 
inveighing against the musician to demand a more active participation in the coming of the trance. 
The zither can also be replaced by other instruments like the accordion.

Nowadays, the Malagasy zither has been exported outside the country, mainly by native musicians 
participating to World Music festivals, subject to the influences of different musical genres and 
practices. One of them, Rajery, is a virtuoso of the valiha who managed to overcome the fact that he
lost his left hand as a child. Justin Vali is another great zither player who plays both valiha and 
marovany and has recorded an album on Peter Gabriel's Real World label (Ny Marina - The Truth, 
1994). Although the valiha zither has already been studied by past research works (Domenichini 
1984; Razafindrakoto 1999), there is currently no large-scale systematic analysis and classification 
of the traditional marovany repertoires, based on precise musical (rhythmic, modal, structural 
properties) criteria. A specific issue raised by the study of this repertoire is the extremely long 
duration of the performances on the zither in the traditional context of trance rituals (several hours 
as mentioned above). How to transcribe such long musical pieces ? This question led us to explore 



solutions in the field of Automatic Music Transcription (AMT).

We brought back to Paris several marovany built in Madagascar in order to think about the 
development of sensors on the instrument. This study was conducted at the acoustics laboratory 
LAM (Sorbonne University in Paris) by Dorian Cazau and Olivier Adam. The goal was to design 
Multichannel Capturing Sensory Systems (MCSSs) specifically adapted to the marovany 
instrument. When installing pickup devices on an acoustic instrument, a constraint of non-
invasiveness must be respected. The system must not be too cumbersome and disturbs the 
playability of the instrument. Specific playing techniques such as palm muting and excitation point 
displacements require a playing zone which must not be disturbed by the devices. The ideal sensory
system would also not require a specific instrument-making. Various types of sensors were tested. 
Electromagnetic sensors offer the best channel separability, while optical and piezoelectric sensors 
appear to be a little more affected by the signal leakage between each string (Cazau et al. 2016a, 
2016b). 

Experiment results have concluded that the piezoelectric sensors present very satisfactory signal 
criteria for transcription and are very convenient for musical playing. One of the constraints of their 
use was to carve a hole in the easel to put them in place. Thus we used our own easels instead of the
original ones. The capture of these piezoelectric microphones provided as many audio signals as 
there were strings on the instrument (one signal per string). The detection of the notes was carried 
out on these signals and the play of the instrumentalist was then reconstituted in the form of piano-
roll. Although the transcription results from our automatic system show great promise, and could 
even be satisfying in terms of onset and pitch identification, the connection of these outputs to a 
generative system as will be explained later, still raied some issues about note duration and 
amplitude, making our current automatic transcriptions too coarse for a direct application in this 
system. To answer this problem, our automatic transcription method has been used in a semi-
automatic way, i.e. transcription outputs have been rectified manually to enhance their quality, 
focusing on notes presenting outlier values in duration and amplitude. This also implies that the 
system is not real time, it requires a small delay before the outputs of the AMT system could be 
used. 

As soon as digital data are available from the AMT system described above, one can imagine to 
process them with some generative system. Indeed we have been working for years on the 
development of a family of software devoted to music improvisation called OMax, ImproteK, Djazz
among others, and we have presented these systems during workshops entitled IMPROTECH that 
were held at IRCAM in Paris in 2004, New York in 2012, Philadelphia in 2017, Athina in 2019 and
that gathered people from all over the world working on improvisation with the computer. The CD-
book Artisticiel has been published recently with musician Bernard Lubat including various texts 
addressing the issue of improvising with a machine. 

George Lewis, who has been a pioneer in this field, contributed to the book Artisticiel. A well-
known trombonist, Lewis is also a computer scientist who created his first improvising software at 
the end of the 1970s. According to his point of view, working on this kind of computer systems is a 
way of learning interesting aspects of improvisation. This recalls the idea of bi-musicality presented
in the introduction, according to which learning to play exotic instruments is a way of learning how 
the music of these instruments is conceived. Indeed Lewis wrote :  

“Working on improvisation with machines over the last forty years has taught me a great deal about
how I and others improvise musically, although there is still much to be learned. In fact, this quest 
for knowledge of the improvising self is one of the major impetus behind work in this area.” (Lewis
2021, 111)



In the field of artificial intelligence, the OMax-Djazz improvisation project belongs to new trends in
human-computer interaction in which technology evolves towards the status of cyber-partners 
engaging with humans in a co-creative way. This family of computer applications devoted to 
musical improvisation (Assayag et al. 2006) was created at the beginning of the 2000s and 
developed since then by the collaboration of IRCAM and EHESS (School for Advanced Studies in 
Social Sciences) in Paris with international collaborations at UCSD and CNMAT Berkeley. It was 
recently honored by the European Research Council Advanced Research Grant ERC REACH 2020-
2025. Its framework is a multi-agent architecture for improvisation oriented musician-machine 
interaction that learns in real time from human performers. The improvisation kernel is based on 
sequence modeling and statistical learning. It consists of two parts, a learning algorithm, that builds 
the statistical model from musical samples, and a generation algorithm, that walks through the 
model and generates a musical stream by predicting at each step the next musical unit from the 
already generated sequence. Playing music with such systems is a way of distributing musicality 
between humans and machines as explained by Gérard Assayag :  

“In our opinion, these symbolic systems in which “musicality” is distributed between human and 
artificial agents grant them, a possibility of co-creativity.” (Assayag 2021, 146).

More precisely, the principle of the improvisation software described above is to capture a sequence
played by a musician and to produce in return an improvisation by recombining fragments of what 
has been played. In doing so, the computer materializes a process inherent to the activity of 
improvisation itself, because an improviser never starts from nothing when he improvises but 
always uses to varying degrees musical phrases already recorded in his memory, if only because 
mastering his instrument requires learning such sequences in the form of body automatisms. Djazz 
is one of these computer environments devoted to improvisation, and its main characteristic is that it
takes into account the rhythmic framework defined by a regular pulse. This difference is essential 
because Djazz's own synchronization capacities allow it to be used in music where the pulse and the
rhythmic setting play a preponderant role, such as jazz or certain traditional music, notably 
Malagasy zither music.

An important aspect of improvisation that is dealt with in the use of Djazz software is its idiomatic 
aspect. This term refers to a notion introduced by Derek Bailey who described idiomatic 
improvisation as “the expression of an idiom – such as jazz, flamenco or baroque” (Bailey 1993, 
xi). Since the term “idiom” is used for both words and music, this notion is interesting because it 
recalls the relation between music and language introduced at the beginning about bi-musicality and
bilinguism. It highlights the fact that in both cases, there is a community of people who share a 
given idiom. Thus one can apply to music analysis the concept of ‘acceptability’ used in linguistics, 
where it denotes the intuitive judgements by users of a language on how acceptable a linguistic 
utterance is. In a similar way, although there remains important differences between music and 
language, one can refer to the judgements of music listeners on how acceptable a music sequence is 
according to cultural norms of a given community. This is especially true for the kind of music 
where rhythm plays a dominant role: in this case being in place rhythmically is a condition for the 
music produced to be acceptable. Such cultural norms are related to the cultural conditioning of 
history, that is a pre-established sound world, which can be identified with a particular genre, 
whether it is jazz, Malagasy trance music or anything else, and bound up to the institutions where 
music is practiced such as festivals in the case of jazz, tromba rituals in the case of Malagasy music,
and so on. 

2) Analysis of zither transcriptions

Our first sessions of experiments with the automatic music transcription system and its application 
to the analysis of Malagasy zither music were made at the laboratory LAM in Paris with the 



Malagasy zither player Kilema in May 2014, and then with Charles Kely Zana-Rotsy in February 
2015.

Born in 1960 in Tuléar, Cément Randrianantoandro aka Kilema is a Malagasy professional 
musician of marovany, but also of kabosy (small handmade guitar) and katsa (rattle), as well as a 
lead vocal singer. With the Justin Vali Trio he performed in Japan, Australia, New Zealand, and 
Woodstock 1994 among others and is featured on Justin Vali's Real World CD Ny Marina 
mentioned above. In 1999, Kilema presented his first solo album Ka Malisa, an introspective into 
the music of southern Madagascar, his own birthplace. Kilema now lives in Spain. He has been 
touring the main Ethnic and World Music Festivals and has released four CDs contributing to the 
investigation and diffusion of traditionnal Malagasy music.

Born in Antananarivo, the capital of Madagascar, in 1965, Charles Kely Zana-Rotsy is a 
professional singer and guitar virtuoso, and he also plays the marovany. He began his career with 
his brother by covering traditional Malagasy songs. In 1997, Charles was chosen by Rajery, the 
great valiha player, to tour around the world with his band. Together, they play in Paris, Chicago, 
Seattle, New Orleans and at the International festival of Louisiana. In the middle of the 2000s he 
moved to France and since 2008, as a guitarist, Charles has toured with prestigious world music 
artists such as Tony Rabeson, Mounira Mitchala, Razia Said, Jaojoby. He began his solo career with
the release of his CD Anilanao in 2002 and continued with Zoma Zoma in 2011 in his own and 
unique manner : the open gasy style, an acoustic music from Madagascar, with a touch of bossa 
nova, jazz, blues, funk and subtle African influences.

Figure 1: Photo of Charles Kely Zana-Rotsy playing the marovany with sensors at LAM, February 
2015.

The piano-roll reproduced in Figure 2 gives an overview of Charles' interpretation on the marovany 
of a famous theme entitled Rakotozafy in homage to a legendary master of this instrument 
Rakotozafy (1938-1968) who died in the jail of Tamatave, one year after having involuntarily killed
his own son. One of the main advantages of the automatic transcription system is that it provides a 
very easy way to obtain such a general shape for long improvisations whatever their duration. Any 
MIDI sequencer loading the data obtained from our AMT system is able to display the whole piece. 



By zooming in and out, you can go from an overall view showing the structure of the piece to detail
views showing certain passages. One can clearly see a kind of climax in the high register at about 
the middle of the piece.

Figure 2: Overview of Rakotozafy as played by Charles Kely Zana-Rotsy.

Since Charles played this piece by listening to a pre-recorded polyrhythmic hand clap sequence 
with the pulses played in one part, we know exactly where the pulses fall (represented at the bottom
of the piano-roll in Figure 3). Thanks to these pulses, we can write the zither part in music notation 
with a correct metrical structure. The passage displayed in Figure 3 is taken from the beginning of 
the piece. It is a kind of thematic motive which presents an interesting ambiguity for listeners who 
are not acculturated to Malagasy music.

Figure 3: Detail view of the beginning of Rakotozafy played by Charles Kely Zana-Rotsy.

The melody of this passage is transcribed into music notation Figure 4. When listening to this 
melody, one can be induced to recognize a waltz motive as notated in the upper example. The 
quarter note plus four eighth note durations fit nicely into a 3/4 signature with the first beat falling 
on the quarter note. But actually it is not the correct Malagasy metric structure. As can be seen in 
the piano-roll notation above with the beats indicated by the hand claps, and as it is common in 
African music, the positions of the beats are in the only eigth notes that do not correspond to any 
attack, i.e. the second halves of the quarter notes. One can also notice that it has a ternary metric 
structure of 6/8, not a binary one, as indicated in the lower example Figure 4. This too is a common 
feature of African music. When a sequence can be interpreted from the two points of view, the 
ternary one and the binary one, it is always the ternary one that corresponds to the correct African 
metric structure. A well-known example of this statement is the pygmy hindehu flute featured in the
famous introduction to Herbie Hancock's "Watermelon Man" from the Head Hunters album (1973).
It was performed by the percusionist Bill Summers with a binary subdivision of the pulse whereas 
the pygmy original is ternary (Arom 1998; Chemillier 2008; Tenzer 2015). 



Figure 4: Ambiguity between binary and ternary interpretation of a melody from Rakotozafy.

A classical analysis as we have done here allows us to identify properties such as the ternary-binary 
ambiguity. But to analyze this music more deeply and to understand how it works and how it is 
organized on a broader level, we should also ask ourselves questions about how it deals with the 
temporal unfolding over very long periods of time. In this direction experiments with artificial 
intelligence could bring new insights in the analysis of this music.

3) Duet between the native musician Velonjoro and an improvisation software

In the following section, we will show examples of music generated by the Djazz improvisation 
system in the style of the zyther marovany from Madagascar, and discuss the reactions of native 
people listening to these virtual improvisations, particularly from a rhythmic point of view, in 
situations where they are asked to play in synchronization with the machine. Thereby, since Djazz 
copes with idiomatic improvisation, our interest focuses on the judgement of musicians about its 
outputs. These experiments were conducted in Madagascar with traditional zither player Velonjoro 
that we have met in August 2000. His listening of the improvisation generated by Djazz based on 
our MCSSs transcriptions of his playing were made during two fieldworks that were conducted in 
July 2014 and May 2016.

Velonjoro (1963-2017) died on January 10, 2017 at age 54. He was living in the village Ankili 
Mahafahitsy near Ambovombe in the south of Madagascar in Antandroy country (one of the 
island's ethnic groups). His main professional activity was to play zither during tromba rituals with 
possessed people in his neighborhood. He had never been to the capital Antananarivo before the 
first experiments conducted with him in 2011. After a few years necessary for the development of 
the sensors system, it was possible to carry out tests of musical interaction between him and the 
computer which are evoked here. 

When he listened to the first improvisations generated by Djazz based on his own playing in May 
2014, Velonjoro's reaction seemed to be related to the correct rhythmic placement of the motives 
played by the computer. Indeed, it was quite positive reactions since the computer was playing well 
in rhythm (Chemillier 2017 ; Cazau et al. 2016b). From a rhythmic point of view, it should be noted
that when the captation of Velonjoro's playing was made, he was hearing a pre-recorded rattle part 
in the headphones so that the position of the pulses could be accurately associated with what he was
playing by the recording system. When the system records a musician's playing, it keeps track of 
the pulse positions with an accuracy of a few milliseconds so that in the recombination process, the 
rhythmic placement of the notes is maintained with the same accuracy. The fact that the computer 
was playing well in rhythm triggered a positive reaction because it is very difficult to do if you are 
not a seasoned musician. First, the tempo is quite fast at around 220 BPM. Second, the part played 
by the rattle is accentuated in such a way that it is very difficult to clap once hands at the correct 
positions of the pulses and Malagasy people who are not trained to do so cannot do it properly.

The rattle part realizes a ternary subdivision of the pulsation with a movement in three parts: (1) 
strike of the handle with the left hand, (2) shock of the seeds against the box upwards, (3) shock of 
the seeds against the box downwards. The pulsation is given by the clapping of the hands. The 



remarkable point is that this pulsation does not fall on the subdivision which is the most accentuated
in the rattle part (the first one with the beat of the left hand on the neck), but on the subdivision 
which precedes it immediately, i.e. the last of the three eighth notes in Figure 5. The pulse and the 
rattle accent which follows it thus form two unequal short-long durations which are called a iambic 
rhythm. This rhythm is widespread throughout Madagascar, where it can be found in the modern 
salegy repertoire, but also elsewhere in the Indian Ocean. On Reunion Island, it is played in the 
genre maloya by a raft-shaped rattle called kayamb.

Figure 5: Analysis of the ternary rattle part and associated hand claps.

This iambic rhythm is very difficult to beat when one is not sufficiently acculturated to Malagasy 
music. Invariably, one tends to slide the pulse one eighth note too late to coincide with the accent of
the rattle that is just behind. The short-long iambe then becomes a long-short trochee. This is a good
example of how the perception of music can vary depending on which community one belongs to. 
The fact of having clapped since childhood within one's community leads to the creation of 
‘habitus’, in the sense of Bourdieu, which is very difficult to acquire when one comes from outside 
(Bourdieu 1977). This situation makes the study of music perception outside of the cultural context 
problematic. For example, the theory of Lerdahl and Jackendoff proposes rules of perception of 
rhythm which the authors affirm that they are intended to apply universally. One of these rules 
indicates that there is a tendency to prefer a metrical structure in which the attacks that are 
accentuated are strong points of the metric including pulsations among others (Lerdahl and 
Jackendoff 1983, 79, MPR rule 4). However, the Malagasy rattle shows that this rule is inoperative 
in this context because in the rhythm of the rattle, precisely, the accented attacks are not the strong 
points of the metric.

In Africa, there are several examples of iambic patterns similar to the rattle formula, all of which 
have in common that they contradict the preference rules of Lerdahl and Jackendoff. In a 
comparative study (Chemillier et al. 2014), we observed a certain convergence between Malagasy 
rattle, Malian scraper and Moroccan lute: the accent of intensity or lengthening of duration always 
falls on the second eighth note of a ternary subdivision, i.e. the one immediately following the 
pulse. A similar phenomenon is observed by John Blaking in his study of Venda children's songs in 
northern South Africa (Blacking 1967, 157). He indicates that most of these ternary songs have 
alternating short and long notes (the long note may be a quarter note or two repeated eighth notes), 
with the pulse placed on the short note (tempo between 112 and 116 BPM on the dotted quarter 
note). The pulse does not fall on the elongated or repeated notes in the melodic sequence which, in 
Lerdahl and Jackendoff's theory, should induce a strong point in the meter (Lerdahl and Jackendoff 
1983, 84, rule MPR 5). As in Madagascar, the hands anticipate this accent by clapping an eighth 
note earlier. Another form of iambic rhythm that also contradicts this rule is mentioned by Martin 



Scherzinger. It concerns the kaganu pattern in Gahu, a Southern Ewe dance (Agawu 2003, 81), 
which is in the form of two eighth notes followed by an eighth-note rest, thus also short-long. 
Unlike the Malagasy rattle, the pulse does not fall on the short, but is placed in the middle of the 
long (on the eighth-note rest). Thus it has in common with the other African examples we have 
quoted that the pulse does not coincide with the long duration contrary to the MPR 5 rule :  

“Once again, subject to the analytic grip of Lerdahl and Jackendoff’s metric preference rules alone, 
kaganu comes to imply a radically different meter than the correct African meter. According to the 
rules, kaganu’s ‘short-long’ structure conspires to placing a strong beat on the second of the two 
notes in each of the rhythmic groupings, precisely the weakest beats in the actual music.” 
(Scherzinger 2005, 149).

Going back to the improvisation software, it is possible to simulate the citharist's playing by 
following patterns in the database captured from what Velonjoro has played (periodic formulas or 
freer patterns as we shall see) and thus produce a kind of virtual improvisation. The challenge in 
this situation is to have the computer play a duet with Velonjoro himself. Indeed, the bi-musicality 
described by Mantle Hood has as its main objective to be able to integrate into a group of native 
musicians. If the indigenous people are willing to play with the ethnomusicologist who is trying to 
become bi-musical, then he or she is on the right track. If they stop playing, it means there are 
problems and the causes can be multiple (rhythmic placement, pitch accuracy, accentuation, etc.). It
was in May 2016 that we were able to perform duets between Velonjoro and the computer. 
Velonjoro had not stopped playing and the computer had managed to follow him on several pieces. 
The zither player had even at times explicitly validated what was coming out of the machine with 
easily recognizable signs, as can be seen in the picture Figure 6. At this precise moment when the 
intervention of the computer must have seemed relevant to him, he had turned around and smiled. 
One can think that the productions of the machine, at this moment at least, were culturally 
acceptable.

Figure 6: Photo of a zither-computer duet with Velonjoro smiling, May 2016.

The part played by the computer exactly at the moment when Velonjoro smiled is represented as a 
piano-roll Figure 7. One can see that there are two types of modes of playing in the zither music of 
Velonjoro that are sampled and re-used by the improvisation software. The first one consists in 



repeating periodic formulas which are played several times before turning to another one. Most of 
these formulas have a four-beat periodicity (as can be seen in the second half of the piano-roll 
Figure 7) whereas some of them may have an eight-beat periodicity. Velonjoro's second mode of 
playing introduces breaks or cadenzas that occur when he performs brilliant patterns such as scales 
or series of alternating thirds (see F#-A#/G#-B in the first half of the piano-roll). During these 
passages, the fast tempo is strictly maintained but the periodicity is broken, i.e., the pulses are no 
longer grouped by four or by multiples of four. 

The challenge for this duet with Velonjoro was that the computer was able to ‘follow’ him in his 
playing. As can be seen in the picture Figure 6, there is a matrix of pads that controls the generation 
process of the Djazz software. These pads can operate as rules guiding the computation of the 
system. Some of the pads are time markers that allow the user to manually synchronize the phrases 
generated by the computer. Other pads are used to activate memory areas in which Velonjoro's 
playing patterns are stored. The user of the software can listen to what Velonjoro is playing and 
direct the computer's productions in real time to follow the musician. When Velonjoro smiled, he 
had just played an interlude-like free-style phrase as described above. The computer had followed 
him with the same kind of patterns. Then Velonjoro had returned to periodic formulas while the 
computer played the repeated thirds F#-A#/F#-A#/G#-B/G#-B... displayed on the piano-roll. The 
computer then returned to periodic formulas similar to those played by Velonjoro, but with a delay 
of a few beats. This is probably what triggered Velonjoro's smile. 

Figure 7: Piano-roll of the part played by the computer while Velonjoro smiled.

Velonjoro died a few months after these experiments. Unfortunately, we were not able to discuss 
with him the exact reasons for his smile. At that point we could only summarize the methodological
ideas underlying this work (Chemillier 2014a, 2014b). A computer program able to generate music 
according to certain explicit rules, as Djazz can do, makes it possible to produce new artificial 
sequences, then to test them by having them listened to by musicians who are experts in the culture 
concerned. If the tests fail, the comments of the musicians justifying their rejection provide precious
indications for improving and refining the rules. It is a kind of process of successive refinements 
which would start from initial intuitions about the structure of this music and which would lead 
little by little to its more and more complete description. This amounts to defining successive 
classes of musical sequences (each class being determined by the set of rules we know at a given 
moment) and to progressively restrict these classes until they coincide as well as possible with the 
studied repertoire. We go from one step to the next by randomly picking a representative of the 
current class (corresponding to a state of knowledge about the rules), thanks to the Djazz generation
software, and we have this representative listened to and validated by an acculturated musician, in 
order to highlight, if necessary, new rules and to refine the contours of the repertoire. The choice of 
successive representatives amounts to making spot checks in classes of artificial models. This is a 
general idea used in combinatorial optimization in computer science where the search spaces are 
generally much too large to be exhaustively traversed. One uses a heuristic method called a ‘greedy 



algorithm’ which consists in making choices inside these spaces to get closer to the sought 
solutions. We can see that in the musical field, similar methods can be used to study repertoires for 
which we do not know the acceptability criteria precisely enough. We test sequences at random and 
each sequence elicits reactions that allow us to specify these criteria. 

Conclusion

We have described researches in the analysis of the repertoire of Madagascar marovany zither. 
Since this instrument is played during trance rituals for very long periods of time, we have designed
sensors adapted to the instrument in order to make automatic music transcription of its repertoire 
and to collect MIDI date from the playing of Malagasy musicians. These data are then processed by 
a computer program devoted to improvisation which is able to play in the style of these native 
musicians. The outputs of the program are good enough to allow duets between a musician and the 
computer. Thus the possibility of such duets involving the use of artificial intelligence may be 
regarded as an extended form of the notion of bi-musicality introduced by Mantle Hood. Musicians 
reacting to the outputs of the machine can shed new light on the analysis of their repertoires. By 
refining the generation parameters, we can hope to get closer to an optimal characterization of the 
music studied.

What are we to think of the introduction of a computer into a traditional oral context? From a 
postcolonial perspective, this encounter may appear excessively Eurocentric, exemplifying a kind of
caricature of the Great Divide between traditional societies and technologically developed societies 
(Descola 2014). We were confronted with this question on another subject where we applied a 
similar method: Malagasy sikidy divination. In Madagascar, diviners use arrays of seeds constructed
according to mathematical rules. The prestige of a diviner is based on his knowledge of a large 
number of arrays with certain remarkable properties (Chemillier 2008b, 2009). We have realized a 
computer program that calculates these arrays. In this context, the computational power of machines
can be the object of accusations of a postcolonial nature, criticizing both a posture of domination 
related to the use of technology and an intrusion of Western rationality into an anthropological 
approach that should, on the contrary, strive to penetrate local ways of thinking from within. On 
these questions, the most diverse positions coexist. In ethnomusicology, Kofi Agawu defends the 
idea that there is no difference between the conception of African music and that of Western music 
(Agawu 2003). In the field of ethnomathematics, to which the studies on divination belong, a 
commonly put forward idea is, on the contrary, that there is a radical opposition between the ways 
of thinking of societies without writing and those of modern societies, to the point that they cannot 
communicate (Radford 2020, 272, “there can be no real dialogue”). In reality, in our experiments, 
the computer only plays a role of revealing what we have in common between different societies 
and cultures, the universal part of the human mind. To my opinion, the smile of Velonjoro is exactly
the proof that communication is possible accross cultures and human communities. My experience 
of the fieldwork, and I presume it is the same for many anthropologists, is that we have a lot of 
examples of such situations where there is an obvious connivance between the researcher and his or 
her native informants, and that it often happens beyond language with simple mimics, gestures and 
smiles. 

Artificial intelligence also brings new perspectives on the issues of archiving and safeguarding 
musical heritages. One of the challenges of ethnomusicology is indeed to collect certain repertoires 
that are on the verge of extinction. Audio and video recordings allow us to keep a trace of these 
endangered musics. But in the same way that a sound or visual archive preserves the memory of 
someone after his or her death, improvisation software keeps a trace of a musician's playing as a 
kind of avatar, with the difference that the software can imitate him or her as if he or she were 
playing again post mortem. Thus the software can ‘play’ Velonjoro despite his death. This 



possibility raises troubling questions about the notion of presence in music at a time when live 
performances are increasingly integrating virtual artifacts (hologram concerts of deceased singers or
avatar concerts in video games, virtual stars like Hatsune Miku) and the lockdown resulting from to 
the covid pandemic has favored the development of dematerialized and deterritorialized musical 
relationships. A preview of such kind of relations was shown at the Folk Music Analysis Workshop 
in Paris on June 11, 2015. Marc Chemillier played the computer with Charles Kely Zana-Rotsy who
played the marovany and Kilema who played the rattle. The software generated improvisations 
based on the transcriptions of Velonjoro' playing and therefore, it carried out a kind of ‘virtual 
meeting’ of Velonjoro, Charles and Kilema who have never met but, in some sense, who played 
‘together’ during this performance.

We have made various experiments related to this kind of virtual presence. One of them concerns 
the stride piano style represented by the great master of the genre Fats Waller (1904-1943). I played
in duet with pianist Louis Mazetier, a specialist, providing the software with transcriptions of Fats 
Waller made by Paul Marcorelles, whose notes I had adjusted one by one from Fats' original 
recordings. Louis Mazetier's positive judgment showed that we could somehow resurrect something
of this great musician. More recently for the centennial of harmonica player Toots Thielemans 
(1922-2016), we also proposed an experiment consisting in creating a musical avatar of Toots based
on his recording with Bill Evans (Chemillier et al. 2022). In addition to the MIDI features of the 
Djazz software used for the marovany zither, its machine learning capacities allows to capture the 
phrases played by an instrumentalist directly as audio signal, and to extend them by a virtual 
improvisation restoring the sound of the musician, his phrasing and his accents, but playing 
something different. This raised interesting questions that were not answered yet. Will an amateur 
who knows well the playing of the original artist be taken in by listening to this fake improvisation?
By setting the artificial improviser to produce solos more or less similar to the model, at what 
threshold will the fan consider that these improvisations are not real? 
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