L

el i

SOUNDING THHLEL MITND

Musical Scales in Central Africa
and Java: Modeling by Synthesis

[rederic Voisin

he study of musical scales i Alrica and Indo-
nesta by Western cthnomusicologists began more than a cen-
iy ago, when technical devices such as tuning forks and
monochords came mto use: later, electronic devices and come-
puters were developed to turther facilitate precise measure-
ments of radinonal musical mstruments. Ellis [1,2] was the
first Western researcher to suggest that many African and In-
donesian scales cannot be explained by Western theories of
scale construcuon such as the Pythagorean tuning system and

just mtonaton—and parucularly not by physiological theo-

ries such as Helmholiz's theory of frequency “fusion™ [3].
Elhs and Hipkins theorized an “equipentatonic” scale in their
accounts of mainland Southeast Asian and Indonesian instru-
ments [4]; Wachsmann also described such a scale in his stud-
ies of Central African music [5]. The equipentatonic scale is
considered by most ethnomusicologists to represent a divi-
ston of the octave (1200 cents) into five equal intervals of 240
cents [6]. The supposed existence of this scale provoked vari-
ous theoreucal discussions about its origins. In 1901, Stumpf
|71, a well-known musicologist and psychophysicist, asked
how one could tune an equipentatonic interval when its fre-
quency rato is an irrational number (F | =F . X2). By asking
this question he was pointing out that acoustical measure-
ments are not sufficient for a good understanding of the cul-
tural foundations of scales. In modern ethnomusicological
terms, we think of scales not as a construction on which to
compose music, but as a set of pitch areas that are observed
Lo be used consistently in the musical expression of a given
cultural group.

In the 1930s, Hornbostel and Kunst attempted to explain
the origin of the slendro system according to an ancient Chi-
nese treause that presents the “blown fifth theory” [8], which
1s based on a cvcle of 23 blown fifths (each measuring 678

cents). This t}mur}' questioned the equidistant structure of

the slendro pentatonic scale. Later, in the 1960s, new observa-
tions and measurements showed that the hvpothesis of equi-
distant scales in Java did not hold true [9].

Finally, the situation in Africa was described in the same
‘wrms by other researchers. According to Kubik, “whether the
basic idea is an even division of the octave into five equal
parts, however, remains to be proved” | 10]. Furthermore, de-
spite a widely comparative work on the measurements of nu-
merous African xylophones and Javanese gamelans by Jones
111, the existence of equipentatonic tuning was not prover.

Paradoxically, the hypothesis of an Indonesian origin of Al-
rican xvlophone lunings was supported [12]. More and more
excepuons to this hypothesis appeared m Central African stud-
les. The measurements of xylophone tunings seemed to
present a field of variance in intervallic values that was too
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large to permit an unambiguous
analysis of the scale: it revealed
nothing but undefined pentatonic
scales. Strangely enough, however,
when ethnomusicologist Klaus
Wachsmann watched ;-1-L-'gumlun
musician retuning his own xylo-
phone—which Wachsmann had
asked the musician to do so that
he could analyze his tuning pro-
cess—he observed the musician
tuning the instrument to an
equipentatonic scale [13]. Was
cquipentatonic tuning kept hid-
den by traditional musicians?

ABSTRACGCT

Thr: author's research on
the tuning and scale systems of
the Central African xylophone and
Javanese gamelan has departed
from previous Western ethno-
musicological studies in these ar-
eas. Rather than relying on acous-
tical measurement as a primary
source of data, his team has
adopted an interactive approach
involving the participation of Cen-
tral African and Javanese musi
cians, who work with researchers
to demonstrate their tuning pro-
cesses using synthesizers and
MIDI systems. The author pre-
sents results of this experimenta-
tion and explains the inconsisten-
cies of previous research in
terms of differing cultural con-
cepts of scale.

INTERACTIVE EXPERIMENTATION USING

SYNTHESIZERS

Since 1989, our team at LACITO-CNRS [14] has undertaken
successive missions in Central Africa and Central Java to study
the musical scales of several communities there, using an ex-
perimental methodology in which the musicians have partici-
pated actively. We began in Central Africa, then applied this
methodology in 1993 to the study of the Central Javanese
scales of the gamelan in Surakarta, Java, with a view toward
developing this methodology within a different culture and
verifying the hypothesis of the existence of equidistant scales
in both Central Africa and Java. Our aim has been to deter-
mine and model musical scales by submitting different hy-
potheses to indigenous musicians and xylophone or gamelan
makers. Our methodology has not only consisted of taking
the tuning measurements of traditional instruments; it has
also comprised an attempt to simulate instruments with the
help of new musical technology in order to allow the model-
ing of musical scales according to the musicians’ evaluatuons
of the simulated tunings. Through the implementation of
these methods, we hope to make technology into an area of
encounter between the traditional musician and the Western
researcher, a place where more implicit and nonverbalized
knowledge can emerge. It remains for researchers to prepare
this “area of encounter” by putting the technology they use at

the service of the cultures they study.
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Fig. 1. Musicians A Hli||H}_:_ Lo The musie lans, a relterence
tuning synthesizers tunmimg structure, In Central Africa. the
;uluplml to simulate nstrumaents used were ‘~;‘~.|H]:I|f+||!'“~. with

the Central African multiple-gourd resonators: in -

xylophone and the | - .
' T O /A fllill'||f11:hfnuw, and the vender
Javanese gender and | .

" ' . \ncl saron of the camelan [15]

saron: (a) a Gbhava | gamelan [15],
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xylophonist, (b) Pa Because it s inappropriate to present
Tentrem and (c¢) Pa a4 succession ol tones and mtervals out of
Supoyo at work, therr cultural context, we decided to al-

low the musicians themselves 1o verify
the simulated tunings, as they usually do
with their own instruments, For this PUT-
posce, we aflixed several l-in-wide
wooden strips to the synthesizer's kevs
with auto-gripping adhesives. This al-
lowed us to more naturally simulate dif-
[erent kinds of instruments with various
numbers of bars: 5 to 12 wooden SLIIpS
were used to represent the correspond-
ing number of bars in the Central Afri-
can xylophones; from 6 to 14 were used

Lo simulate the Javanese gender and saron
(Fig. 1). For ensembles of more than
one instrument, we used one or two syn-
thesizers to study the scalar relations of
both the instruments in pairs and the
entire orchestral range [16].

As soon as the musicians could play
the experimental instrument, they were
able to make their own judgments of
each tuning submitted to them. When
necessary, the musicians adjusted each
tone of the synthesized tuning using a
data-entry cursor until they achieved
what they considered the “right” or
“good” pitch for that note. The analysis
of such corrections allowed evaluation
of the distance between the projected
Western scalar prospects and the indig- :
enous concept of the scale intervals and :
pitch classes. This evaluation produced
many details about the cultural factors
involved in determining the criteria that
define an interval. The computer al-
lowed for programming on location, as
well as storage and analysis of the data:
we were also able to record the pertfor-
mances of the African and Javanese mu-
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sicians on the simulated mmstruments
and save them as MIDI files.

An example of some of our results 1s
shown in Fig. 2, which represents 4
Javanese musician’s process of tuning

two adjacent descending bars mn a simntr-
lated gender (the tuning was done by
tuner Pa Supoyo in Surakarta in Decem-
ber of 1993). This process was recorded
On a sequencer using a MIDI file stan-
dard while the musician tuned a slendro
gender on the synthesizer with the help of
its data-entry cursor. Beginning with a
given interval of 322 cents, the tuner ad-
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fmimf the cursor untl he produced an

miterval of 262 cents, which saushied hn.

One can observe from this graph that Pa
Supovo hesitated at 250 cents, pro-
oressed as far as 225 cents (the peak of
the curve). then returned to 202 cents,
['he sounds presented to the musi-
cians for these experiments were syn-
thesized from spectral analysis (FIFT) of
the instruments original sounds. The
different synthesized sounds were al-
ways vertfied by the musicrans them-
selves in comparison to their own origi-
nal sounds, which were reproduced on
a sampler. Furthermore, the synthe-
sized sounds could often be modified—

i.e. resynthesized—according to the
musicians’ suggesuons: for example, a
ttmbre with a duration of 350 msec, a
quasi-harmonic spectrum and high har-
monic components throughout the
resonance was preferred by the Central
African musicians. Such a high-fre-
quency spectrum corresponds to the
timbre of the mirlitons traditionally
fixed to the gourds. For the simulated
gender and saron, a imbre with a 4-sec
duration, a strong fundamental fre-
quency and higher transient harmonics
(reproducing the brightness of bronze
lamellophones) satisfied Central
Javanese musicians and produced a
resonance that was long enough to al-
low the beats to be heard [17].

THE MUSICIANS’ OPINIONS

Our research was conducted in various
regions of the Central African Republic
with several musicians from different
communities, each of which has its own
language, rituals, musical repertories
and xylophone ensembles. In general,
cach experiment was conducted simulta-
neously in two distant villages and, when
possible, was reconducted on a different
day (Table 1). The musicians, all xylo-
phone makers, included the
* Manza group, with tuners Bawassan
and Moussa (the group used one
five-bar xylophone)
* Gbhaya group, with tuners Wazunam,
Zuibona and Feyumna (one 10- to
12-bar xylophone)

Fig. 2. A graphic * I3

anda Ghambiva oI

representation of "up, with tune

1 PBor a (: '
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iy process of tuning phones with cight, seven, seven and
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s !_,Ihl”h”, & Banda-Linda group, with tuners
simulated slendro P:
| f M 5 | s 17 7 5 n
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render,

with

the same time)

* Ngbaka-Manza group, with tuners
Serendopé, Boua and Kasamba (an
cnsemble of three xvlophones with °
nine, seven and four bars)

All group, with tuners Wakon and
Yangé (an ensemble of three xvlo- 2
phones identical to that of the
Nebaka-Manza group)

Kangebanda (same xylophones a
the Banda Linda group)

yanda Mbiyi group, with tune
Mandaba (same xylophone as th
Manza group)

libere (one large log xylophone ¢
14 bars) and the

Table 1. Results of two experimental sessions concerning the combinational
mud.es_ of the three constituent intervals of a Manza xylophone. The table lists the
musician Moussa’s responses to synthesized 5-bar xylophone tunings on two
d!ffergnt dates in December 1990. “A” indicates the musician’s acceptance, “R"
his rejection of a given tuning; his spontaneous comment “very good” is noted as
‘vg.” The self-contradiction of the musician is less than 7%.
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I Fig. 4. A schema
representing the
Central African con-
ception of the

cquipentatonic

crtheless appears that the musicians are
able to discriminate the adjacent mter-
vals to within +/=20 cents—Dbetter than
one-tenth of a tone [ 18], This degree of
precision became better when the musi-
cians themselves tuned the experimen-
tal xylophone (+/—= less than 10 cents).
Thus. we were able to determine three
constituent mmtervals: 200, 240 and 280,
cach at +/=15 cents [19].

These results seemed to be paradoxi-
cal, given the fact that the same musi-
cians tuned the octave, fifth, major third
and their inversions within a field of
variance close to a semitone, as previ-
ously observed by Kubik [20]. This ap-
parent contradiction does notappear to

be inherent in the Central African sys-
tem or in the experimental results, but
rather in a Western definition of conso-
nance. This definition 1s refuted by the
practices of these musicians, who tune
their xvlophones by following adjacent
intervals, step by step. Our experimenta-
tion verified that “perfect” consonances
are not a constituent of a Central Afri-
can concept of the scale. These musi-
cians do not judge a strict octave (1200
cents) to be better than a large major
seventh (1150 cents) or a small minor
ninth (1250 cents). On the contrary, the
Banda Linda musicians prefer the small
‘octave” (1150 cents) in any register,
probably because of the roughness it
creates on the octaves that are always
played s;imultaneousl}f with double sticks
In each hand.

['hus, these paradoxical observations

could be casily explained once the West-

€I concept of consonance was left be-
hind. The roughness of consonances in
the Central African scale results in no
Way whatsoever from a margin of toler-
4ce. Such roughness constitutes a
thickness built into the Central African
SYstem itself. In other words, any one of
;Z; l.,hﬂ:r constituent intcrva]s—-—?f‘m,

and 280 cents—can substitute for
another iy any place on different xylo-

Phones of (he orchestra. Unisons and
Other conson

lhickm-_-rsg tha
Chce hetye

ances present a systematic
Lcorresponds to the differ-
en each constituent interval.,

scale system,

ll‘lj_”'lll‘l‘ 5 shows two close pitches that
differ i the system because thev are
part ol different scalar patterns, ,-\jl the
same tme, these two pitches have the
same melodie «

1 harmonic fluncuon in
the music,

en Thisis the essence of the Al -
biguity of the Central African scales: the
cquivalence that permits the substitu-
ton of the constituent mtervals gives to
the unison different versions of the
same tone. Thus, each degree of the
pentatonic system can be actualized by
means ol close but distinctive pitches. .*\‘h
a Central African musician might say
without any contradiction, “it is lh;:
same but not the same.”

A special case of scalar pattern in the
Central African system is equipentatonic
tuning, in which the sole constituent in-
terval 1s 240 cents. The musicians

judged this tuning pattern the best of all

the combinations, including two or
three different constituent intervals.
The origin of the equipentatonic system
could be explored from a new perspec-
tive: how 1s 1t that Central African musi-
cians prefer equidistant tuning while
also preferring an imperfect—i.e.
stretched or compressed—octave? Given
this ambiguous octave, how can musi-
cians account for the equipentatonic sys-
tem that results from the division of the
octave into five equal parts:

Here again, the response (o this ques-
tion requires an alteration of th.v. Western
definition of an equipentatonic systemn.
we have verified that equipentatonic tun-
ing is considered correct in Central A[_—
rica as long as the intervals are L'C]l.li:ll. Lo
each other. In effect, tunings consisung
of a succession of five times 230 (‘.El.lll‘»'h
trimes 240 cents or five times 250
ll-tuned, de-
craves

five
cents are judged equally we
spite the difference hu}xvu&n [11{1 f:.- g
created by this succession (however, (
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ferent combinations of these three mi

e tuning, creating a devia-

als in the san )
vals rejected).

tion of +/-10 cents, lll'L‘1 |
cession of 20)(0-cent 1m-
ear Lo be 1111{10511';,111]1-*
atonic

Furthermore, a suc
tervals does not app
(o the musicians, de
structure. Exposed to 't
Central African mus

spilv its hex
his stranger struc
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ture,
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Is equidistant wholetone pattern, but
only for the first five pitches (e
pentatonic scale),

. 48 2
As we have seen previously, equipen-
Latonic tunings are never actualized OT)
the xylophones measured: this being the
casc, how could we have observed it ex-
}J{'l'hl]{*lll;tll}'}‘ The system itself explains
this phenomenon: the cquipentatonic
system in Central Africa cannot be actu-
alized because 1t has no precise size, but
only the notion of equality. Tt appears to
be a conceptual feature that is actualized
through a combination of three constitu-
ent ntervals—200, 240 and 280 Cents—
whose precise values may be a COMPpPro-
mise between concept and reality. That
1s, this concept of equality holds these
three constituent intervals as e uivalent,
but also different.

[t 1s iImportant to note that the equi-
distant conceptis common to all the cul-
tural groups we visited in Central Africa,
However, the actual tunings used in
cach community differ in their combi-
nations of the three constituent inter-
vals (see Fig. 3).

THE EQUIPENTATONIC
SYSTEMS

According to the Central African con-
cept of scale, the equipentatonic system
proceeds by a summation of equal intervals
(see Fig. 4), rather than dividing the oc-
tave into five equal intervals, as specified
by the Western conception. The “oc-
tave” results from a summation of virtual
equal intervals (designated “X" in Fig.
4) and has no precise value.

Is this equipentatonic conception pe-
culiar to Central Africa? Our experi-
mental work in progress in Surakarta, as
well as the explanations of the gamelan
makers there, has indicated that the
slendro pentatonic system presents maliy
deviations according to the rasa or “feel-
ing” of the musician or tuner. It 1: not
within the scope of the study tlﬁms far to
1ow or if the rasa 1s system-
1g Lo each musician or or-

determine |
atic accordi
chestra. However, our current }'t‘SllllS
demonstrate some interesting ponts:
1 The strict octave (1200 cents) s
as a fixed and standard ref-

l'ecwgnizud el

but sometimes Nee

erence, ;
d or fmnprt'ﬁsed by two to
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] » sound.
uls-——umbﬂk—-{hu Ing the sot l
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three be
In pr;u*litv.
irregular and depel Sk
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2 We have found no consensus ANOHs
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Fig. 5. Schema illus-
(rating the Central
Javanese conception
ol the equipenta-

tonic scale system.

3. Accordimg to the participant musi-
ctans” explanatons, the equipentatonic
svstem constitutes a kind ol reference
that needs to deviate accordimg to the
rasa (sce Fig. 5); thus, in Central Java,
the {‘l]lti]}l‘lll.lll‘lllit svVstem seems 1o be a
model that comes from a developing
conceptuahzaton rather than an mher-
cnt concepl.

CONCLUSION

We have seen here that the same appar-

cnt structure—i.c. equipentatonic—pro-
ceeds from two very different concepts:
(1) a division of the octave into equal
mtervals and/or (2) a construction of a
scale from successive intervals of the
same size, regardless of the size of the
sounded octave. The results of this re-
search demonstrate that the study of sca-
lar systems cannot be based solely on
acoustical measurement, as tuning re-
search has been unul now, but must also
consider the conceptual dimensions of
scale i the various cultures studied. As
expressed by a Wolof proverb: “wisdom
1s not far, but it is hidden.”
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