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Mathematics in (central) Africa before colonization

Dirk HUYLEBROUCK

Summary

The paper provides a summary of (black) African ethnomathematics, with a special focus on results of pos-
sible interest to eventual mathematical properties of the Ishango rod(s). The African diversity in number names,
gestures and systems (including base 2 of the Bushmen, probably related to the early Ishango people) shows fre-
quent decompositions of numbers in small groups (similar to the carvings on the rod), while the existence of words
for large numbers illustrates counting was not merely done for practical reasons. A particular case is the base 12,
with it straightforward finger counting method on the hands, and used in Nigeria, Egypt and the Ishango region.
Geometric representations are found in traditional sand drawings or decorations, where lines and figures obey
abstract rules. Number lines drawn in the sand (using small and long lines as on the rod) make anyone immedi-
ately remind the Ishango carvings. Knotted strings and carved counting sticks (even looking like exact wooden
copies of the Ishango rod) illustrate an African counting practice, as confirmed in written sources of, for instance,
a gifted American slave. Finally, mancala mind games, Yoruba and Egyptian multiplication (using doublings as on
the Ishango rod) or kinship studies all show ethnologists may have ignored for too long Africans were talking the
mathematical language, ever since.

Samenvatting

Het artikel geeft cen samenvatting van (zwarte) Afrikaanse etnowiskunde, met een bijzondere aandacht voor resultaten
met een mogelijk belang voor de wiskundige eigenschappen van de Ishangobeentje(s). De Afrikaanse verscheidenheid in getal-
lennamen, -gebaren en -systemen (met inbegrip van de basis 2 van de Bushmannen, waarschijnlijk verwant aan de eerste
Ishangovolkeren) toont de frequente ontbindingen van getallen in kleine groepen (zoals op het Ishangobeen), terwijl het bestaan
van woorden voor grote getallen illustreert dat tellen niet alleen voor praktische redenen gebeurde. Een bijzonder geval is de
basis 12, met haar evidente telmethode op de vingers van de hand, en die gebruikt werd in Nigeria, Egypte en het Ishangogebied.
Meetkundige voorstellingen worden teruggevonden in traditionele zandtekeningen of decoraties, waarin de lijnen en figuren
gehoorzamen aan abstracte regels. Getallenstrepen getekend in het zand (met korte en lange strepen zoals op het been) bren-
gen bij eenieder onmiddellijk het Ishangobeen voor de geest. Geknoopte koorden en gekerfde stokken (die zelfs lijken op exacte
houten kopieén van het Ishangobeen) illustreren een Afrikaanse telpraktijk, zoals die bevestigd werd in geschreven bronnen
over, bijvoorbeeld, een begaafde Amerikaanse slaaf. Tenslotte tonen de mancaladenkspelen, de Yorubese en Egyptisch vermenig-
vuldiging (die verdubbelingen gebruiken zoals op het Ishangobeen) of de studies van familiebanden allen aan dat etnologen te
lang ontkend hebben dat Afrikanen reeds erg lang de taal van de wiskunde spraken.

1. INTRODUCTION the mathematical community considers, for
instance, the Ishango rod as a “true” testimony

1.1. Rationale of a mathematical activity.

Although the present paper addresses to

In this journal addressed mainly to
archaeologists, historians and anthropologist,
a survey of today’s state of the art on (ethno)-
mathematics written by a mathematician may
be appropriate. Indeed, even in the 21st cen-
tury, the prejudice persists mathematical activ-
ity was completely lacking in Africa, despite
the many publications, conferences and lec-
tures on the topic. However, (ethno)-math-
ematics hardly gets an opportunity to infil-
trate into protectionist human sciences and
thus non-mathematical circles may still doubt

non-mathematicians, there will be a few spe-
cialist mathematical passages, where the non-
mathematical reader can safely shut the eye,
but these notions were maintained in the hope
of gaining some esteem for these African math-
ematics and showing they are more than rec-
reational mathematics. The basic goal is shap-
ing the mathematical context of the Ishango
rod and thus topics from the region of Congo,
Rwanda and Burundi, were preferred from
the vast range of ethnomatematical examples
(Huylebrouck, 2005). Finally, note this focus on
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African realizations does not imply an inten-
tion to replace a criticized euro-centrism by an
equally disprovable afro-centrism. The “math-
ematical Out of Africa” debate and the “Black
Athena Debate”, about the black-African influ-
ence on Greek and Western culture, are discus-
sions the author happily leaves to others.

Ethnomathematics concentrates on the
importance of native culture for mathemat-
ics (Nelson, 1993). Though mathematics is a
universal science by excellence, learning it is
another matter: imagine two students learn a
foreign language. The first uses the scholarly
method of grammatical rules with declinations
and conjugations. The second learns the lan-
guage through the approach of repeating short
sentences, with or without audiocassette. After
a while, both understand the same language,
but they will seldom have an identical thorough
command and linguistic feeling. For mathemat-
ics, or rather, the teaching of mathematics, the
situation is comparable.

There is for instance one of the first ethno-
mathematical studies, done by two Americans,
J. Gay and M. Cole, when they were Peace
Corps volunteers (Gay, 1967). They wondered
if there were any appreciable differences
between the mathematical skills of American
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and African students. Gay and Cole let Kpelle
(a people living in Liberia) and Americans
undergo several experiments, obtaining statis-
tical data on the differences and similarities in
quantitative skills such as estimating volumes
or distances, the measurement of time, etcetera.
Figure 1 shows the example in which Gay and
Cole studied estimations of time intervals of 15,
30, 45, 60, 75, 90, 105, and 120 seconds, and the
test showed that there was no noticeable differ-
ence between both groups for the estimation of
longer periods.

1.2. Sources for ethnomathematics

Information about African ethnomath-
ematics is collected in four ways: there are (1)
written sources in Egyptian temples, (classi-
cal) Greek texts and some scarce reports on
American slaves, (2) oral chronicles, (3) recent
observations of traditional customs, and (4) the
archaeological findings. We give a survey of
their importance:

(1) The accuracy of some ancient written
sources can be surprising. For instance, there
are the maps based on Ptolemy that use the ref-
erence “Lunae Montes” or “Mountains of the
Moon”, to designate the region of the sources of

—&— Amerikans
—8—Kpelle

Time in seconds

Fig.1 — Time estimates by Kpelle student and by Americans (Gay & Cole, 1967).
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the Nile (sometimes adding a region of one-eyed
people as well). Roman legends speak about
Pygmy people living at these “Montes Lunae”,
while Egyptian texts refer to “little men of the
forest and land of the spirits”. Arab tales situ-
ate the Biblical Gardens of Eden in this “Jebel
Kamar” region, actually called “Unyamwezi”
“mwezi” = “moon”).

(2) The tradition of long recitations, from
generation to generation, constitute true oral
testimonies of history, though extreme care
is mandatory, such as with the Dogon story
who would have known Sirius is a double star.
However, when solar eclipses are mentioned
in different regions and by different narrators,
they provide an accurate dating when they con-
firm each other, independently.

(3) Traditional forms of living observed by
the first travelers seldom mention mathematical
topics. For sure, they were not in the principal
fields of interest of explorers and missionaries.
However, from the descriptions of counting
practices, games, or designs, some information
can be recovered.

(4) Archaeological findings, such as exca-
vated teeth or bones, sometimes show pat-

terns (d'Errico, 2001). Again, the importance of
these “proto-mathematics” has to be evaluated
judiciously. For example, there is 30,000 years
old carved flat stone, found in Blanchard in
the French Dordogne, in which some discover
phases of the moon; or a Kenyan megalithic
site of about 300 B. C. with 19 pillars said to be
oriented along heavenly constellation; or bird
statues in the walled town of Zimbabwe along
a Southern Cross pattern. Common interpreta-
tions of these findings have some new age ten-
dencies and need further investigation.

2. CREATIVE COUNTING IN AFRICA

2.1. Number bases

Several authors wrote about the beginning
of counting when naming numbers often was
the only “mathematical” operation. During the
first steps, elementary arithmetic was scarce,
and in many cases, the latter even is an over-
statement (Delafosse, 1928; Moiso, 1985; 1991).
Figure 2 shows two maps, one following G. G.
Joseph (Joseph, 1992), with basis 2, 4, 20 and

Base 20

Fig.2 — (Non-exhaustive) maps of number systems,
by Joseph (left; Joseph, 1992) and by Barrow (right; Barrow, 1993).
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10 systems, and one following John D. Barrow,
showing 20 and 10 systems (Barrow, 1993).

The simplest number systems from regions
in Central-Africa and South-America are
simple enumerations: one, two, two-and-one, two-
two, many. For instance, for the Gumulgal of
Australia:

1 =urapon; 2 = ukusar; 3 = ukusar-urapon; 4 =

ukusar-ukusar; 5 = ukusar-ukusar-urapon; 6 =

ukusar-ukusar-ukusar.

Note these systems are not binary in the
mathematical sense, as 4 is not necessarily 22,
nor is 8 = 2. Similar counting methods seem to
stop at 6, though some authors put three dots
at the end; does this imply they counted to, say,
a thousand? However, the counting method
of the Bushmen, who may play a role in the
Ishango story, goes as far as 2+2+2+2+2:

1=xa; 2 =t'oa; 3 ="quo; 4 = t'oa-t'oa; 5 = t'oa-

t'oa-xa; 6 = t'oa-t'oa-t'oa; 7 = t'oa-t'oa-t'oa-xa;

8 =t'on-t'oa-t'oa-t’oa ...

The use of 2 sometimes led to the following
notations for 6, 7 and 8:

6:111 700 8011

[ fh [l

Reading these arrangements horizontally,
they yield the combinations 3 + 3,4 +3 and 4 +4.
The expressions illustrate a first evolution. For
instance, the Mbai use such an additive system:
6 = muta muta or: 3+3; 8 = soso or: 4+4; 9 = sa dio
mi or: 4+5, while for the Sango from northern
Congo 7 = na na-thatu or: 4+3; 8§ = mnana or: 4+4,
and 9 = sano na-na or: 5+4. The later popularity
of this “additive” method for the numbers 6 to 9
may have been due to its use in mental calcula-
tions. For example, to get the double of 7, 7+7 =
(4+3) + (4+3), as 4+3+3 = 10, and thus the answer
is 10+4. South of the Sahara, mental calculation
was a tradition for centuries and traditional
(mental) calculating techniques were indeed
based on repeated doublings (see below).

2.2. Creativity in counting

A small number base has some advantages,
sinceif forinstance 5 is the base, 7 plus 8 becomes:
“5 + 2" plus “5 + 3", and 2 + 3 = 5 changes the
operation easily into 5 + 5 + 5 or 10 + 5. Thus,

the Makoua from Northern Mozambique say 6
= thanu na moza or 5+ 1; 7 = thanu na pili or 5 + 2,
while for the Bété in Ivory Coast 56 = golosso-ya-
kogbo-gbeplo, or 20 times 2 and 10 and 5 and 1. The
Bulanda in West Africa use a base 6 system: 7 is
6+1,8is6+2.

The Yasayama from Congo use base 5
(Maes, 1934):

1 = omoko; 2 = bafe; 3 = basasu; 4 = bane; 5=

lioke; 6 = lioke lomoko; 7 = lioke lafe; 8 = lioke

lasasu; 9 = lioke lane; 10 = bokama; 11 = bokama
lomoko; 12 = bokama lafe ...

It is not a true base 5 system, because 25
= 5xb plays no particular role, but Congolese
Baali system is more remarkable because 4x6 =
24 indeed plays the role of a base, since when
576 = 242 is reached, a new word is invented:

1 =1imoti; 2 =ibale; ... 5 = boko; 6 = madia; 7 =
madea neka (6 + 1); 8 = bapibale (6 +2); 9 = bap-
ibale nemoti (8 + nemoti = 8 + 1); 10 = bapibale
nibale (8 + nibale = 8 + 2); 11 = akomoboko na
imoti (10 + 1); 12 = komba; 13 = komba nimoti;

14 = komba nibale; ... 24 = idingo; 25 = idingo

nemoti; ... 48 = modingo mabale; ... 576 =

modingo idingo (= 24%); 577 = modingo idingo
nemoti (=24%2+1) ...

The Nyali from Central-Africa employ a
mixed system using 4, 6 and 24 = 4x6:

1 = ingane; 2 = iwili; 3 = iletu; 4 = gena; 5 =

boko; 6 = madea; 7 = mayeneka; 8 = bagena (=

plural of four); ... 24 = bwa; 576 = mabwabwa

(=24%), ...

Inhabitants of the same region, the Ndaaka,
have 10 and 32 as base numbers. Thus, 10 is
“bokuboku”, 12 is “bokuboku no bepi”, and for
32 there is a particular word, “edi”. Next 64
becomes “edibepi” (= 32x2) while 1024 is “edidi”
(or 32%). A number such as 1025 is therefore
expressed as “edidi negana” or 32% + 1.

These differences are often surprising: in
the tiny country of Guinea-Bissau, there are
at least 4 different methods: the Bijago use a
purely decimal system; the Manjaco a decimal
system with the exceptions 7 = 6+1 and 9 = 8+1;
the Balante mix bases 5 and 20; the Felup mix
bases 10 and 20, with the exceptions 7 = 4 + 3
and 8 =4 + 4. Counting words can differ, within
a given language, depending on what has to
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be counted (people, objects, or animals). For
instance, in Burundi, 6 can sometimes be “itano
n‘umwe” or “5+1”, but it can also become “itan-
datu”, or 3+3. “indwi” or 7 can change in “itano
n’ fwiri” or 5+2.

As the list of examples of this creativity
seems boundless, let us finish by number words
of the Huku-Walegga, from the region north-
west of the down course of the Semliki River
exactly at the shores of the river where the
Ishango rod was found. They would express 7
as 6+1 and 8 as 2x4, while 16 would be (2x4)x2.
Yet, the next three numbers are again formu-
lated as sums, but 20 is 10x2. This surprising
mathematical mixture is not so unexpected in
view of the given examples.

2.3. Words for larger numbers

Maybe this counting creativity implied
counting in Africa exceeded the purely practical
applications, and also why some people went
all the way to count large numbers tantalizing
the imagination. In the language of Rwanda,
10,000 is inzovu, or: an elephant, and thus 20,000
= inzovu ebyilli, that is, two elephants. Some say
the language did not know any larger numerals
(Coupez, 1960; Hurel, 1951 ; Rodegem, 1967),
but Pauwels goes all the way to 100,000, while
the Rwandan Abbé Kagame mentions 100,000
= akayovu or a small elephant; 1,000,000 = aga-
humbi or a small thousand; 10,000,000 = agahum-
bagiza or a small swarming thousand; 100,000,000
= impyisi or a hyena; 1,000,000,000 = urukwavu or
a hare (Kagame, 1960). The related language of
Burundi also goes as far as 100,000 = ibihumbi
ijana, and in the Buganda kingdom, north of
Rwanda, greater numerals existed too, such as
10,000,000. The Bangongo language, spoken in
Congo, does not go as far:

100 = kama; 1,000 = lobombo;

10,000 = njuku; 100,000 = losenene.

The Tanzanian Ziba has a clear Swahili-
influence:

100 = tsikumi; 1,000 = lukumi;

10,000 = kukumi.

The base 20 counters in Nigeria had a
word for 20# = 160,000: “nnu khuru nnu”, mean-

ing “400 meets 400”. The translation for their
expression for “10 million” is approximate — it
meant something like “there are so many things
to count that their number is incomprehensible”.
These translations are not so strange in view
of the etymology of large numerals in English.
The word “thousand” for instance goes back
to the Old-Nordic “pushundrad” and “pus”
refers to the Indo-European root meaning “to
swell”, “to rise”, or “to grow”. Thus, “thousand”
roughly means “a swollen hundred” or “a strong
hundred”.

2.4. Counting gestures

Claudia Zaslavsky stressed differences
between pronunciation of numbers and corre-
sponding gestures (Fig. 3; Zaslavsky, 1973). The
Maasai north of the Tanzanian city of Arusha,
seldom utter numbers without showing them
with the fingers. For example, they bring the
top of forefinger on the thumb and the top of
the middle finger op the forefinger to indicate 3,
and when the stretched forefinger rests on the
stretched middle finger, it means 4.

In Rwanda and West-Tanzania, 4 is shown
by holding the forefinger of one hand pushed
against the ring finger, until it rests, with a snap,
on the middle finger (Fig. 4). Eastern Bantu
people say 6=3+3 and 8 =4 +4, while 7 becomes
“mufungate”, or “fold three fingers”: 7=10- 3. The
Songora on their turn say 7 =5 + 2, but, still, 9 is
“kenda” or “take away one”: 9 =10 -1, etc.

2.5. Base 12

The origin of the twelve- and sexagesi-
mal system, known from its actual use in the
words “dozen” or “gross” and in subdivisions
of time, is an often-returning issue for general
mathematics journals (Ifrah, 1985). A com-
monly held opinion states the West owes it to
the Babylonians, who divided a circle in 360°,
but this only returns the question back in time
to some 4000 years ago (and it could even be
pushed back in time, to the Sumerians). There
are two versions why the Babylonians on their
turn used that base: the widespread “arithmetic”
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were carved. The first 25 are presumably drawn
in little groups of five and all have the same
length. They are marked on the end by a carv-
ing twice as long, after which again a long carve
announces a group of 30 thin lines. The finding
may show a counting method referring to the
five fingers of the hand, but very little is known
about the people who carved this bone, except
they also left a small ivory statue, both now in
the “Moravske Muzeum”.

On the map, counting with tattoos was indi-
cated by ¥-symbols, at the North East of Lake
Rutanzige and in the Southern African region of
the Kalahari Hottentots, an often-recurring link
to the Ishango region:

The practice to enumerate the number of killed
enemies by carvings on the own skin of the war-
rior has a specific and well-known distribution, but
is seen as archaic. On one side, there is the region
around the Lake Albert (Rutanzige), while on the
other side there is the central part of South Africa.
This reflects the well-documented ethnographical
relations between North East and South Africa.

Lagercrantz also wondered why these
interesting counting objects are so rarely shown
to the public in Africa museums, while the prac-
tice seemed to have been so abundant:

Counting by means of stones, nuts, sticks,
blades of grass and similar objects is an old practice
that is in particular remarkable for South-Sudan.
The counting method can be compared to counting
strings. The latter are spread more to the North, but
they are part of a same black culture. The ancient
cultural elements also include the counting by lines
drawn on the ground or painted on doors and walls.

Maybe the actual computer age makes
strings, sticks, stones or bones, seem too unu-
sual to be number records, and this could
explain the lack of attention Lagercrantz was
complaining about. However, even in many
non-African cultures these number “notations”
were popular. The Code Napoleon referred to
“la taille” or “the tally”, a carved stick on which
received taxes were recorded, while the modern
Arab “subha”, or the Jewish “tallit” both have
knots to count preys. Japanese sell strings with
30 little pearls in their Shinto temples, and many
Catholics still count prayers on the 60 knots of

a paternoster. Thinking of the 12 Apostles, this
12-60 biblical link suggests missionaries may
have imported to Africa what originally came
from the continent.

4.4. African pre-writing

In a broader context, there are proofs of
the existence of memory aids to keep track of
quantities, or data in general, or even complete
stories and messages. Some older civilizations
(Nubia, Kush), and in more recent times the Vai
in Liberia, developed notational systems, and
certain pre-hieroglyphic forms of were found.
The Africa Museum of Tervuren (Belgium)
shows cushions with images of the tasks to
be remembered, stylized drawings represent-
ing a story, as if it were a pre-hieroglyph, and
ropes with of objects thread on it (Fig. 18). Some
objects correspond to proverbs to keep in mind,
such as “You who love dancing, never dance on
the top of a spear” or “a child is a prawn: when
you carve it, it will let you cross (the river)”.

5. REASONING WITHOUT WRITING
5.1. Mental arithmetic

Writing and mathematical reasoning seem
inseparable. Even some animals can recognize
quantities and so knowledge of numbers is hardly
sufficient to talk about “mathematics”, some die-
hards will assess. Of course, it is more difficult
to reconstruct proofs of “abstract” thinking, by
definition of the word abstract. There are leg-
ends of people less interested in a missionary’s
tables of Moses than in the tables of multiplica-
tion he brought along. There are a few written
sources too: A report from 1788 was revealed by
Fauvel and Gerdes, about the “wonderful talent
for arithmetical calculation” of an African slave,
Thomas Fuller (Fauvel, 1990). He was brought
to America when he was 14 years old and had
developed his mental arithmetic skills when
still in Africa. In the report, two “respectable
citizens of Philadelphia” related how this native
of Africa, who could neither read nor write,
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When the game is almost over, it may happen
that one of the players has no more pawns at his
disposal to play. He can skip his turn and wait
as another pawn from the camp of the opponent
drop in his own camp.

Here are the first moves of a game, with only
2 pawns (shells) and 5 holes. To ease notations,
we indicate the number of shells in the camp of a
player with five digits, followed by the number
of already obtained shells in his kalaha. Thus,
the initial situation is (2,2,2,2,2; 0), for both play-
ers. Now suppose the first player moves two
shells from the fourth hole: (2,2,2,0,3; 1), so that
he gets an additional turn, because the last shell
was dropped in his own kalaha. He decides to
empty the second hole: (2,0,3,1,3; 1). The last
shell falls in an empty hole of his camp, so that
two shells of the opponent can be obtained.
Together with the own shell, they are dropped
in the kalaha: (2,0,3,0,3; 4), while the opponent
still has (2,0,2,2,2; 0): the score is 4-0.

Now it is the opponent’s turn: he decides,
for example, to spread the first hole (0,1,3,2,2; 0),
and, making a bridge (0,1,0,3,3;1). He has a
second turn, and empties the second hole:
(0,0,1,3,3; 1). The shell fell in empty hole, in
his camp, and thus he is allowed to put the 3
shells of the first player and his, in the kalaha:
(0,0,0,3,3; 5), while the first player looks at a
(2,0,0,0,3; 4) situation. The score is now 4-5: the
tide has turned, for the second player, but the
game is far from being finished. Note the over-
whelmed reader can practice further, playing
the related Bantumi game on a cell phone of the
Nokia 3310 series.

Mancala board

5.4. Research mathematics about African
games

Duane M. Broline and Daniel E. Loeb pub-
lished about the combinatorics of two man-
cala type games, “ayo” and “tchoukaillon”, a
Russian equivalent (Fig. 21; Broline, 1995). The
solitary version is played in different holes with
one additional larger hole, the cala, and the aim
is to get all pawns in the cala, using rules simi-
lar to the already explained mancala game.

At first, the pawns are sowed in an arbi-
trary hole. Next, they are put one by one in the
successive holes in the direction of the cala. If
there are too many, the player continues from
the hole opposite to the cala. Again, if the last
pawn falls in the cala, the player gets an addi-
tional turn, but if it falls in an empty hole, the
game stops. If the last pawn falls in a hole with
pawns in it, the player sows these pawns fur-
ther one, all together, making a “bridge”.

Numbering the holes starting from the
cala, Broline and Loeb could show that if s(n)
is the smallest number of pawns necessary for
the nth hole to lead to a game the player can
win (if he plays cleverly), the number of pawns
leading to a winning position approaches n%x,
for large values of n (asymptotically, mathema-
ticians would say). Their computations involve
high-level analysis, including the so-called
gamma function I' and the hypergeometric
function F. The result is impressive, because
the mathematical constant n = 3.14159265...
pops up in the context of an African game.
Furthermore, awari, another variant of man-
cala, could be entirely “solved” by Dutch

10000000

Fig. 21 — A mancala game board with the pawns in initial position (left)
and the similar tchoukaillon board (right).
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researchers John W. Romein and Henri E. Bal
(Romein, 2002). They used a parallel compu-
ter with 144 Pentium III processors of 1 Ghz,
1 petabyte of information, a disk space of 1.4
terabyte, and 51 hours computer time. They
proved the game is a perfect mind game: there
is no advantage or disadvantage to open the
game (Irving, 2000).

6. COMPLEX REASONING WITHOUT WRITING
6.1. Yoruba calculations

The Yoruba live in the South-West of Nigeria
and in parts of Benin. In 1886 already, Dr. O.
Lenz noticed people in the region of Timbuktu
were involved in mysterious calculations he
could hardly understand (Nicolas, 1979). Mann
would give a more comprehensible report in
1887, describing the activities of “the magician-
calculator”. Yoruba number names refer to a
base 20 and often use subtraction (Fig. 22).

For example, 80 is ogerin or ogo-erin = 20x4,
as in the French (or Danish) “quatre-vingt”.
Here are some examples of Yoruba number
forming, using today’s notations:

45=(20x3)-10-5 50 = (20x3) - 10

108 = (20x6) - 10 - 2 300 = 20%(20 - 5)

318 =400 - (20x4) - 2

525 = (200x3) - (20x4) + 5

To form the latter, 525, the traditional
mathematician proceeded as shown in the
illustration: first, 3 “igba” groups of 200 shells
each are laid out; next, 4 “ogun” heaps of 20
are removed; finally one “arun” group of 5 is
added.

The execution of a multiplication such
as 17x19 in the traditional Yoruba way goes
as follows (Fig. 23). First, 20 heaps of 20
cowry shells are put in front of the calcu-
lator. Next, he takes one shell from each
heap, and puts them apart to form a new
heap. Next, three heaps of the original 20
heaps are put aside, and from one of them,
a shell is added to one of the three heaps,

kan i mokonlelogbon +1+30 % DD DA DOOD DD h;,ay DO
meji 2 mejilelogbon +2+30 & D DODD D D
mela 3 metalelogbon +3+30 DX QXDAXD a Y D DD (DAXROXY)
merin 4 merinlelogbon +4+30 OO0Od OO GOOOD pOO GOOOD
maruun 5 maruundinlogoji -5+20%2 R AOOOD ON] D OOODOD
mefa 6 merindinlogoji -4+20%2 ) D % DO ) s DOMOO
meje 7 metadinlogoji -3+20%2 38 D
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mesan 9 mokondinlogoji -1420%2 DX D D D D
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mejilaa +2+10 mejilogoji +1+20%2 DO OO OO GOOLD OOODD
melalaa +3+10 metalogoji +1+20%2 aqd Q D QOO0 DOODD ODDOOD
merinlea +4+10 merinlogoji +1+420%2 D D OOODD
meéedogun -5+20 maruundinladadota | -5-10+20x3 ﬁ D %% I QN’
merindinlogun -4+20 merindinladadola | -4-10+20%3 D PO AU AX DO
meladinlogun -3+20 metadinlagadota___| -3-10+20%3 W‘Qo DD % DODDOD
mejidiniogun -2+20 mejidinlaaadota -2-10+20%3 ; 3 Wn APUA 3
mokondinlogun -1+20 mokondinladadota | -1-10420x3 L g%

ogun 20 dadota ~10+203 O OO OO @Q%‘ ‘
mokonlelogun +1+20 mokonleladadota | +1-10+20x3 : DOOD ® ﬁ ‘
mejilelogun +2+20 mejiladadola ¥2-10+20%3 ) DD ddd §m |
metalelogun +3+20 metaleladadota +3-10420%3 0 z«g«z«\ YDAX ‘
merinielogun +4+20 merinleladadota +4-10+20%3 DOOD ADHODD ‘m]
meéedogbon -5+30 maruundinlogota -5+20%3 L Y
merindinlogbon -4+30

meladinlogbon -3+30

mejidinlogbon -2+30

mokondinfogbon | -1+30

ogbon 30

Fig.22 — Yoruba number names, and the forming of 525.
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OOO0  OOO0 OOOD OGO OOO®
OOOOD COOCOO OOOOD COOOO OOOOD

OOOO0 GOOOO GOOOO COOOO GOOOO
00000 COOOO COOOO COOOO OOOOO

0000 OO0 OOO0 OOOO OOOD

00000 COGOO OOOOD COOOD OOOOD
0000 COOOD OOOOD COOOD OOORD
00000 COODO COOOD OOOOO OOOOD

o000 OOO0 OOOO OOOD OOO®

OOOOO CROOD GOOOD OOOOO COOOD
00000 OOOOO COOOO OOOOD dOOO®
00000 COOOO COOOO COOOD COOOD

Qoed  BROO  Innnd (0000 0000 00000

RS HhH dsen diken ke e

00000 GOV pon 00000 POO0O  CO000
17%19 7 |© 3x20

Fig. 23 — The initial situation for the execution of 17x19 (above left),
the first step (above right) and the final result (below).

and, again from the same heap, another
shell is added to the remaining heap. The
two thus completed heaps are appended
to the heap formed by putting shells aside
from each heap in the first step. Then the
Yoruba magician-calculator reads off the
result: 17x19 = 323 - the word “magician”
is appropriate here.

Funny enough, the English word
“score” points to an old use of a count-
ing stick, to sum up to 20 carvings; did
England’s ancestors use a base 20 too?

6.2. A multiplication method based on
doubling and halving

Egyptian arithmetic is well known because
of two papyri and secondary Greek and Roman
sources. Over 100 mathematical problems reach
from approximations for the area of a circle or
the volume of a truncate pyramid and of a cylin-
der (or of a halve sphere - this is subject to dis-
cussion), to other standard mathematical prob-
lems still taught in school today. Their multipli-
cation method is supposed to have spread from
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Greece to Russia, the Middle East and back to
Ethiopia, a path so unexpected one can wonder
how this can be substantiated. Furthermore, tai-
lors in West Africa would have used it in mental
calculations, until recently.

For example, 17x13 goes as follows. The
scribe would double the first number, 17 and
simultaneously double 1, on and on, to stop
until the second number is obtained by a proper
addition:

il 17 1/
i n

Il n [ 34 2
Il N

I nnn 1 68 4/
[ nn |

111 I 136 8 /
IHtn? 1N

Inn?? & 11in 17+68+136 =221 1+4+8=13

The symbol for one 1 was |, for 10 n, for 100
?, while the hieroglyph O stood for “the result

Q0000000
QO00OOOE |« 1o
000 “17 116
©O000OQL
Q0000000
241:25 [ne OO@%@@O
0]010,9]0,
olojololololele)
RGO QQQ0 | <2
OOQOUOOD | «mpegre2n
©O00®EO
0]0]0]0]0]0]0]e)
Stop: remainder 1 — @OOOOOOO
. [OO0O0OOOV |
5000QPO®
O00G000 —-
OOO000O0 J 1w

is the following” and the / sign the numbers to
be added.

Because a justified fantasy probably is the
best medicine against aversion for mathemat-
ics (which may exist among the usual readers
of the current publication), we here execute
the Ethiopian multiplication method on an
African game board. Thus, it is not the way
this multiplication was executed, but it pro-
vides an idea of how to accomplish it without
writing. On an igisoro board, that is, amancala
type board with 4 rows of 8 holes, we imagine
the holes of each half correspond to 1, 2, 4, 8,
16, 32, 64, 128, and, in the row above, with
256, 512, 1024, 2048, 4096, etcetera (Fig. 24).
The illustrations show a simple example, 3x6,
and a more complicated one, 17x241.

It is not a coincidence some of the num-
bers correspond to units known from the
computer environment: 1024 = one mega-
byte, 2048 = two megabytes, 4096 = four
megabytes, etcetera. N. Wirth, creator of the
computer language Pascal, gave an exercise
consisting in programming a multiplication
of two numbers using only additions, halv-
ings and doublings (Wirth, 1976). Obviously,
the comparison of a computer relay and an

0]0]0]0]0]0]0]e)
0]0]0]0]6]6]0]6)

@) @]
©OO00000AQ

—6-2+4

Q0000000
0]0]0]0]0]0]0]e)

©OO0000

Q0000000
xOOgOOSOO

O
OSQGOOO

00000000
*88000000

cle]elolelele

—2:16=18°3x2

—1-3:2

« memarize 6
«— 12 6x2

Stop: remainder | —

Add -

0000000
oJclelelclelele)

Fig. 24 — 3x6 (left) and 241x17 (right) on an African game board.
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African game board is evident: a hole with
a pawn is a closed relay, and one without a
pawn is an open one. Doubling a number is
a “shift”, an instruction known in some pro-
gramming languages.

6.3. Higher algebra

In small isolated communities, strict rules
were sometimes formulated to avoid marriages
between close relatives. People belonged to
“clans” (this word is not correctly used here,
but other alternatives are even more confusion),
with, for example, the rule that only people from
the same clan are allowed to marry (each other),
and that their sons will belong to another clan
and their daughters to still another clan, and
this, following given prescriptions (Fig. 25 left).

Mathematicians list the numbers of the
clans in rows or columns, called “matrices”, to
summarize a situation where parents belong to
clan 1 (or 2 or 3), their sons to clan 2 (or 3 or 1)
and their daughters to clan 3 (or 1 or 2):

| 2 3
P(arenis) —>| 2| S(ons)—|3| D(aughters) —| 1
3 1 2

Here, we will leave these notational ques-
tions for what they are, but we can nevertheless
provide a nice short example of a mathematical
kinship theorem:

Theorem: in the society described above, a man
is allowed to marry the daughter of the brother of his
mother.

Proof.

O7lc1an 29
07'

clan3 clan 1

O7'clan 19
|

Il
|

lan2 clan3

First, we note a man is always the grandson
of his grandparents. If the grandparents belong
to clan 1, their daughter, the mother of the man,
will belong to clan 3, and so he will be in clan
1. Next, the brother of the mother of the man is
the son of the grandparents, and thus belongs
to 2, while the daughter of the latter again is in
1. One proceeds in the same way if the grand-
parents belong to clan 2 or 3: the man and the
daughter of the brother of his mother always
belong to the same clam and thus are author-
ized to marry, in that society.

A reader recalling a few facts from the
theory of matrices may remember their multi-
plication, “-":

2] fo 1 o]
S—|3|=|0 0 1}{2[=sP
1] [1 0 o][3)
and 31 [0 o 1][1]
D-|1|=|1 o ol{2|=DP
2] [0 1 o3

In this mathematical terminology the proof
of the above theorem states that

]
UJH
1
v,
12

0 1 01 1 00
sD=|0 0 0 0|=|10 1 0
1 0 1 0| (001

Mathematicians draw the same conclusion
from this as in the above proof in words: “Quod
erat demonstrandum”.

Ozclan 39

—»Q )
clgl clan2 %Up 4’\
\_/4,,

Fig.25 — A simple example of kinship ties (left) and a traditional representation from the
Malekula in Oceania (right). Only the letters are Western additions.
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In other societies, there is no limitation to
three clans, nor are the rules for marriage iden-
tical, and thus this field of study is seminal for
many mathematical theorems. For instance,
marriages can be monogamous or not, or be per-
mitted with someone from another clan, efcetera.
Thus, a more general mathematical approach
is appropriate, using the notion already men-
tioned in the paragraph about Crowe’s study,
that of a “group”. In the given example, L, (the
identity matrix, given above), S and D are said
to form the group {I,, S, D}. In another example
(Fig. 25 right) from Oceania, the group for kin-
ship ties is represented by a more complicated
diagram, and mathematicians now use the so-
called dihedral group {I, M, M?, F, MF, M?F},- of
order 6. In the present context it does not matter
much what this notion may stand for, but this
Warlpiri-type example is particularly interest-
ing, as the Warlpiri are said to have no know-
ledge of number at all, lacking number words
even for the smallest quantities, and still, their
kinship relations provide an interesting math-
ematical topic.

For many examples from Oceania, Burkina
Faso and southern Africa, this group structure
is the adequate algebraic translation, but in the
larger African context, an even more general
description for kinship relations is necessary,
using the so-called “semi-group” notion, such
as for the Baoulé, who do not allow two broth-
ers to marry two sisters.

Afew yearsago, Alain Gottcheiner defended
his D. E. A. in mathematics at the “Université
Libre the Bruxelles” (Gottcheiner 2001), with
Prof. Em. F. Buekenhout as promoter. The math-
ematical approach has the advantage of uniting
all kinds of statements used by anthropolo-
gists’ jargon in a single overview. Although this
ethno-modeling process is subject to critique, a
tasteful endnote is provided by the Belgian phi-
losopher Leo Apostel, quoted in a kinship PhD
of yet another scholar, Tjon Sie Fat (1990):

It is the aim to extend the analysis of Lévi-
Strauss, indicated by T, so that different hybrid sys-
tems can be included. Here, the letter T refers to the
ordered foursome R(S, P, M, T), in which Apostel
summarized the important variables of a modeling

process [...]. Thus, the purpose of the mathematical
study of the family ties structure can be considered
as a restructuring system or a system extension
(Apostel, 1961).

The latter studies show the presented eth-
nomathematics are not merely “recreational”,
for sure, and some of the “illustrations”, such as
figure 25, need special examination to be under-
stood.

The Ishango object itself has not been dis-
cussed in detail here, as this was, is and will be
done at large in other papers (or, see Brooks
et al., 1995; de Heinzelin de Braucourt, 1957,
1962 ; Marshack, 1972; Pletser, 1999, 2000; Post
Office, 2000). The author is also aware of the
fact the given examples of “African” math-
ematics range over many regions and over a
large period of time, and the earliest exam-
ples may rather belong to what is sometimes
called “proto-mathematics”. The use of this
word would avoid unnecessary polemics as
to decide whether the Ishango carvings are
of mathematical nature or not. Nevertheless,
to Prof. Em. F. Beukenhout, member of the
Belgian Academy, even this matter is pointless:
after all, wasn’t the very mathematician a woman,
called Lucy? (Beukenhout, 2000)

References

APOSTEL L., 1961. Towards the formal study of
models in the non-formal sciences. In: H.
Freudenthal (ed.), The Concept and the Role
of the Model in Mathematics and Natural
and Social Science. Dordrecht, Reidel.

ASCHER M., 1988. Graphs in Cultures: A
study in Ethnomathematics. Historia
Mathematica, 15: 201-227.

ASCHER M., 1994, Ethnomathematics: A
Multicultural View of Mathematical
Ideas. Boca Raton, London, New York
Washington D. C., Chapman & Hall/CRC
Press.

BARROW]. D., 1993. Piin the Sky, Counting, thin-
king and being. Oxford, Oxford University
Press, published as Penguin Book.



Mathematics in (central) Africa before colonization

161

BELL R. C., 1988. Board Games around the
World. Cambridge, Cambridge University
Press.

BogGosHI J., NAaoo K. & WEBB J., 1987. The
oldest mathematical artifact. Mathematical
Gazette, 71 (458): 294.

BOUQUIAUX L., 1962. A propos de numéra-
tion: L'emploi du systeme décimal et
du systéme duodécimal dans la langue
birom (Nigéria septentrional). Africana
Linguistica, Tervuren: 7-10.

BROOKS A. S., HELGREN D. M., CRAMER ]. S,,
FRANKLIN A., HORNYAK W., KEATING J. M.,
KLEIN R. G.,, RINK W. J., ScHwaRrRcz H.,
LEITH SMITH J. N., STEWART K., TopD N. E,,
VERNIERS J. & YELLEN J. E., 1995. Dating
and context of three middle Stone Age
sites with bone points in the Upper Semliki
Valley, Zaire. Science, 268: 548- 553.

BROLINE D. M. & LoeB D. E. 1995. The
Combinatorics of Mancala-Type Games:
Ayo, Tchoukaillon and 1/pi. UMAP
Journal, 16: 21-36.

BUEKENHOUT F., 2000. Les Polyedres: de Lucy
a Jacques Tits. In : 6™ congrés de I’Asso-
ciation des Cercles francophones d’Histoire
et d’Archéologie de Belgique, Mons Belgique,
August 24 - 27 2000. Brussels, Internal
report ULB.

CeLis G. & Ceuis Th., 1972. Les Peintures
Murales Intérieures des Habitations du
Migongo, Rwanda. Africa-Tervuren, XVII
(2).

Courez A., 1960. Grammaire Rwanda simpli-
fiée, Notes de Phonologie Ruanda. Astride
(Butare), Institut pour la Recherche
Scientifique en Afrique Centrale.

CrOWE D. W.,, 1975. The Geometry of African
Art. Historia Mathematica, 2: 253-271.

DE HEINZELIN DE BRAUCOURT]., 1957. Exploration
du Parc National Albert : Les fouilles d’Is-
hango, Fascicule 2. Institut des Parcs
Nationaux du Congo Belge. Brussels,
KBIN-IRSNB.

DE HEINZELIN DE BRAUCOURT, J., 1962. Ishango.
Scientific American, 206 (6), June : 105-116.

DELAFOSSE, M., 1928. La numération chez les
Neégres. Africa, Journal of the International
Institute of African Languages and Cultures,
1, p. 387-390.

D’ERrICO F., 2001. L'origine du stockage de
I'information. Pour la Science, « Dossier
hors série », October-January : 6-9.

FAuUVEL J. & GERDES P., 1990. African Slave
and Calculating Prodigy: Bicentenary
of the Death of Thomas Fuller. Historia
Mathematica, 17: 141-151.

GAY J. & CoLE M., 1967. The New Mathematics
and an Old Culture, A Study of Learning
among the Kpelle of Liberia. New York,
Holt, Rinehart and Winston.

GERDES P., 1999. Geometry from Africa:
Mathematical and Educational Explorations.
Washington DC, The Mathematical
Association of America.

GOTTCHEINER A., 2001. Une Classification des
Systémes de Parenté prescriptifs. Mémoire
remis en vue de l'obtention du Dipldme
d’Etudes Approfondies en Sciences (sec-
tion Mathématiques). Université Libre de

Bruxelles.
Hurer E., 1951. Grammaire Kinyarwanda.
Ruanda, Kabgaye.

HuyLeBrOUCK D., 2005. Afrika + Wiskunde.
Brussels, VUB Press, 304 p.

IFRAH G., 1985. From One to Zero: A Universal
History of Number. New York, Viking.

IRVING G., DONCKERS J. & Uiterwijk J., 2000.
Solving Kalah. International Computer
Games Association Journal, 23 (3),
September: 139-147.

JosePHG. G., 1992. The Crest of the Peacock: Non-
European Roots of Mathematics. London,
Penguin Books.

KAGAMEA., 1952. La Divine Pastorale. Bruxelles,
Editions du Marais.

KAGAME A., 1955. La Naissance de l'Univers,
Deuxiéme Veillée de «La Divine Pastorale».
Bruxelles, Editions du Marais.

KAGAME A., 1960. La langue du Rwanda et du
Burundiexpliquéeauxautochtones. Kabgayi,



162

Dirk HUYLEBROUCK

Institut pour la Recherche Scientifique en
Afrique Centrale.

LAGERCRANTZ S., 1968 (& 1970). African Tally-
Strings. Anthropos, 63: 115.

LAGERCRANTZ S., 1973. Counting by Means of
Tally Sticks or Cuts on the Body in Africa.
Anthropos, 68: 37.

MAEs J. Dr., STRYCKMANS M. & Mazy M.,
1934. Note sur les Populations Lalia
et Yasayama du Territoire des Dzalia-
Boyela. In : Congo, vol. 1-2: 172-179.

MARSHACK A., 1972. Roots of Civilisation, The
Cognitive beginnings of Man’s First Art,
Symbol and Notation. New York, McGraw-
Hill Book Company.

MAaTHEws H. F., 1917. Duodecimal numera-
tion in Northern Nigeria, The Nigerian
Field, and Notes on the Nungu tribe,
Nassawara Province, Northern Nigeria,
and the neighboring tribes which use
the duodecimal system of numeration.
Harvard African Studies, 1:83-93.

Moiso B. & NGaNDI L., 1985. Numération
Cardinale dans les Langues Bantu du
Haut-Zaire. Annales Aequatoria, 6: 189-
196.

Moiso B., 1991. Etude comparée du systéme
de numérotation de 1 a 10 dans quel-
ques Langues non-Bantu du Haut-Zaire.
Annales Aequatoria, 12:475-479.

MuBUMBILA V. M., 1988. Sur le sentier mysté-
rieux des Nombres Noirs. Paris, Editions
Harmattan.

MUBUMBILA V. M., 1992. Sciences et Traditions
Africaines, Les Messages du Grand
Zimbabwe. Paris, Editions Harmattan.

NicoLAs F.-]J., 1979. La mine d’or de Poura et
le nombre quatre-vingt en Afrique occi-
dentale. Notes Africaines, 161: 19-21.

NELSON D., JosePH G. G., WILLIAMS J., 1993.
Multicultural Mathematics, Teaching
Mathematics from a Global Perspective.
Oxford, Oxford University Press.

PAUWELS M., 1952. Les couleurs et les dessins
au Ruanda. Anthropos, 47: 474-482.

PLETSER V. & HUYLEBROUCK D., 1999. The
Ishango artifact: the missing base 12 link.
In: T. Ogawa, S. Mitamura, D. Nagy &
R. Takaki (ed.), Proc. Katachi U Symmetry
Congress KUS2, paper C11, Tsukuba Univ.,
Japan, 18 Nov. 1999; Forma 14-4. Tsukuba:
339-346.

PLETSER V. & HUYLEBROUCK D., 1999. Research
and promotion about the first mathe-
matical artefact: the Ishango bone.
In: Abstracts of the Proc. PACOM 2000
Meeting on Ethnomathematics and History
of Mathematics in Africa, Cape Town, South
Africa, November. Cape Town.

PONSAERTS S., 2002. Telsystemen, Een Algemene
Historische  Inleiding. Eindverhandeling
Faculteit Letteren, Departement Algemene
Taalwetenschap. Leuven, KULeuven.

Post OFFICE, 2000. The official stamp for the
UNESCO World Year 2000 of Mathematics
Belgian De Post—La Poste, February.
Brussels.

RODEGEM F. M., 1967. Précis de grammaire rundi.
Brussel-Gent, Story-Scientia.

ROMEIN J. W. & BAL H. E., 2002. Awari is
solved. Notes. International Computer Games
Association Journal, September: 162-165.

THoMASs N.W.,, 1920. Duodecimal Base of Nu-
meration. Man (London, Royal Anthropological
Institute), 13-14, February: 25-29.

TioN SiE FaT, F. E., 1990. Representing kinship
simple models of elementary structures.
Proefschrift Rijksuniversiteit Leiden,
November.

WIRTH N., 1976. Algorithms + data structu-
res = programs. New-York, Prentice-Hall
Englewood Cliffs.

ZASLAVSKY C., 1973. Africa Counts. New York,
Lawrence Hill Books.

Author’s address:

Dirk HUYLEBROUCK
Aartshertogstraat 42

B-8400 OOSTENDE (Belgium)
Huylebrouck@gmail.com



