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Summary: Precise, sophisticated, complicated but functional, this
weighing system, used by the Akan until their colonization to pay in
gold powder, has been little studied by ethnologists. One must say that
its complexity did not encourage much interest, especially since the discussion seemed to have been closed in 1980 by Timothy Garrard, for
whom the Akan had learned their weighing system from the Arabs by
the Dioula, caste of African merchants who traded with both sides in the
context of the trans-Saharan trade. The study of a series of 9,301
weights, including 298 weights over 80 g, contradicts this theory in favor
of an aboriginal system, based on seeds and rigorously structured, in
which exchanges were probably made thanks to a double set of light
and heavy weights allowing transactions at constant price but variable
weight. The high level of proof of this metrological study questions the
way in which the Akan were able, with rudimentary techniques, to
develop, perpetuate and transmit, orally, for centuries, in a fragmented
political space, such a sophisticated system?
Résumé : Précis, sophistiqué, compliqué mais fonctionnel, ce système
de poids africains, utilisé par les Akan jusqu’à leur colonisation pour
payer en poudre d’or, est totalement passé sous les radars de la recherche ethnographique. Il faut dire que sa complexité n’encourageait
guère à s’y intéresser, d’autant que l’affaire semblait résolue depuis
1980 par Timothy Garrard pour qui les Akan l’avaient appris des Arabes
par les Dioula, caste de marchands africains islamisés, qui commerçaient avec les deux parties dans le cadre de la traite transsaharienne.
L’étude d’une série de 9301 poids, dont 298 poids de plus de 80 g, vient
contredire cette théorie au profit de celle d’un système autochtone, basé
sur des graines et rigoureusement structuré, dans lequel les échanges se
faisaient vraisemblablement grâce à un double jeu de poids faibles et de
poids forts, permettant des transactions à prix constant mais poids variable. Le fort niveau de preuve de cette étude métrologique pose le problème de savoir comment les Akan ont pu, avec des techniques rudimentaires, développer, perpétuer et transmettre oralement, pendant
des siècles, dans un espace politique morcelé, un système aussi sophistiqué ?
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Introduction
The Akan, who currently live in Africa between
Côte d'Ivoire and Ghana, developed for more
than 600 years a brilliant civilization in which
gold played a central role as a symbol of beauty, wealth and power. Using gold powder as
everyday money, they invented, for their exchanges, a sophisticated weighing system
going, by its symbolic value, far beyond simple
means of weighing and of payment.

1. Unidentified seed.
2. Ba is worth 2 seeds
of Abrus precatorius, a liana
whose seed, red and black,
is very resistant to desiccation.
3. These data, whose accuracy is unrealistic with the
techniques available to the
Akan, are an average that
stems from his calculations.
4. Designated as male and
female weight by Akan
people.
5. The Akan would have
learned it from Arabs by the
Dioula, Islamized African
merchants, who traded with
both sides through Sahara.

Fig. 1. Abel's decoding
grid. From Antonie
Abel (1973)
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Figurative or geometric, theses weights have
been little studied by scholars and their meaning remains mysterious, although we have
information gathered by generations of merchants and explorers and thousands of weights
in museums and individual collections. A few
searchers have tried to unravel its mystery
from ancient descriptions, field data and
metrological studies.
Rudolph Zeller, the first, described in 1912
(Zeller, 1912), from information collected in
Ghana, a system based on the taku 1, a seed
weighing 0.25 g. Very complex, it is organized
in 7 parallel series whose first values are
1,3,5,7, 9, 11 and 13 taku, and whose following
are a succession of multiples by 2, that is to say
4,8,16,32 to 512 and beyond.
These works are taken up in 1952 by Henri
Abel, in Ivory Coast, who introduces a second
grain unit, the ba 2, with a calculated weight of

0.146 g, in a ratio of 3 to 2 with the taku, the
weight of which he reevaluates at 0.22 g (Abel,
1952) 3. He also introduces the notion of a dual
system, combining “male and female”
weights 4, allowing transactions at constant
price but variable weight, in which you sell
what you paid in gold at the same price, but in
lesser quantities, the difference representing
your profit, or your interest in the case of a
loan. Moreover, Abel, convinced that the signs
decorating the weights had a numerical value,
had proposed a grid to decipher them (Fig. 1).
In 1968, Albert Ott, in Ghana, noted the existence of two distinct weight systems, ultimately
corresponding to the two taku values, but considered them as a means of exchange between
the different Akan nations (Ott, 1968). In 1980,
Timothy Garrard in Ghana, in a welldocumented study (Garrard, 1980), weighing
3,000 weights, theorized the adoption by the
Akan of the Arab weight system, the base unit
of which was mitqal, weight of a gold dinar,
which he estimates at 4.4 g 5. By the end of the
15th century, once the contact established with
the Europeans, the Akan successively integrated the Portuguese, Dutch and English
weights. He counts 62 of them, which he classifies, with wide dispersion, in 4 series, 2 of Arab
origin, one based on mitqal, the other
on uqiya (26.4 g ounce), the last two corresponding to the Portuguese and English weights
(Table 1). Garrard, who knew the work of his
predecessors, gave only a secondary role to the
seeds, rejected as wacky the decoding of the
weights, and as unfounded the hypothesis of a
dual system. Although partially disputed, this
thesis remains widely accepted.
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Table 1. Garrard's table: Garrard's 62 standards with their dispersion. Weight in grams.

In 1987, Georges Niangoran-Bouah, Ivorian
ethnologist, supports as Abel the thesis of a
dual system, which he says still in force at that
time on the markets of Abidjan, but without
going further in the demonstration (NiangoranBouah, 1987).
In 2003, Harmut Mollat, with a study of 3800
weights (Mollat, 2003), partially questions Garrard's thesis, challenging the materiality of the
series of European origin and the weighing
role of the figurative weights, but keeping to
the mitqal his central role, and to taku, just like
Garrard, a marginal role, with the weight of
0.25 g.
But Garrard's theory, even corrected by Mollat,
is not consistent with the weight lists he reports himself in his book. Collected in the different Akan states from elderly notables, established in English currency, none quotes
the mitqal but all report taku, valued at 6p,
which, in 8.8 g of gold akan for £, quoted by
same informants, gives him the weight of
0.22 g. Garrard did not consider these lists in

his demonstration. It is for us the origin of his
error, and an indication that the weight of 4.4
g, which is the cornerstone of his theory, is not
an africanized mitqal 6, but the counter-value
of 10 shilling, and the twentyfold of taku of
Abel, whose existence is thus confirmed.

6. Mitqal whose weight has
varied over the centuries
but has never officially
weighed 4.4 g.

Dualistic hypothesis:
We propose to synthesize the above by combining these two taku in a dual system, in which
light weights are based on the taku of 0.22 g,
(which we call T), and heavy ones on the taku
of 0.25 g (which we will call T*). The difference
of 12% between them represents an acceptable
profit margin in a world that knows neither
VAT nor social charges. We must, to be complete, add 2 other units, the light ba of 0.14 g,
already known, and a heavy ba of 0.16 g found
in Louis Gustave Binger’s report on Agni
weighing system (Binger, 1892). T and T* are
always in a ratio of 2 to 3 with B and B*.
By compiling the weight lists left to us by European merchants as early as the 16th century,
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Table 2. Akan Multiplication Table. Surprising as they are, the heavy values are attested by weights that we studied.
Values in parentheses are common to series 1 and 3, and series 3 and 9.
7. In West-Akan states
(Ivory Coast), dja designates
the treasure in which
weights, weighing apparatus and the gold are
stored. East-Akan people
(Ghana) say futuo for the
family treasures, sannaa for
those of the states.
8. Excluding, due to the
uncertainty of their weight
role, the figurative weights.
9. Data from literature: Abel
(1973), Blandin (1988),
Graffenried (1992), Kjersmeier
(1948),
Menzel
(1968),
Nitecki (1982),
Phillips (2010) & Rivallain
(1989); collections of various museums: British
Museum (London), Musée
du Quai Branly-Jacques
Chirac (Paris), Musée d’ethnographie
de
Genève
[consulted online], Musée
d’Angoulême,
Musée
d’Aquitaine (Bordeaux) &
Musée d’histoire naturelle
de Toulouse [consulted on
site]; private collections:
Jean-Jacques
Crappier,
Pierre Gascou, Gi Mateusen,
Tom Phillips, Cemal Pulak,
Rainer Sturm & Hans Van
der Storm; and specialized
sellers.
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by deconstructing the structure of their Akan
appellations, we build, on Zeller's model, the
framework of this system, in the form of a complex multiplication table (Table 2). It has about
a hundred boxes, corresponding to the Zeller
multiplicands (1,3,5,7,9,11 and 13) multi-folded
by 2,4,8,16 and so on, but also 3,6,12,24 and so
on. Refer to Table 2 for visualization.
However, we must also consider a more trivial
hypothesis that would make this apparent complexity the consequence, over centuries and
exchanges, of the interweaving of regional or
even familial systems, in which only a few
weights, more or less based on the mitqal and
known only to their owners, would have been
really used as weight, the other parts of
the dja 7 being worth more by their magical or
symbolic value.

Method
Objectives
To study the Akan Weighing System, we have
collected 9301 geometric weights 8 from various sources 9, ranging from 1,3 g to 1900 g, of
which 2420 weigh 20 to 80 g and 298 more than
80 g. Despite the heterogeneity of this set we
want to show:

- that the distribution of the weights that compose it does not result from an anarchic accumulation over time of local variants but that it
is ordered;
- that this order is the one of the Akan multiplication table and not the one of Garrard;
- and that it obeys the dualistic theory (T + T*)
rather than those of Abel or Zeller, based respectively on the weak taku (T) and the
strong taku (T*).
Endpoints
If we have seen right:
1) All weights, after transformation into the
corresponding light or heavy system, must fit
into one of the multiplication table boxes with,
according to experiments conducted on akan
scales, a minimum accuracy of ± 2%, in practice [-2,5% to + 1.5%], due to wear. The number
of weights within this narrow range will be our
endpoint to validate the Akan multiplication
table.
2) Garrard's theory should fail to describe our
set with such precision. As well as those of Abel
and Zeller. This will be our endpoint to validate
dualistic theory.
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We treated our set with an Excel spreadsheet:
1) Sorting in grams:
We sorted our weights with an increment of
0.4 g up to 80 g, 1.6 g beyond. We analyzed the
distribution of weight and compared it to that
provided by Garrard's theory, according to his
sorting classes (Garrard-a series) and then, to
be more rigorous, according to the narrow
range (Garrard-b series).
2) Sorting in taku:
We failed to transform the weights of less than
80 g into taku, the margin overlap preventing
to distinguish between T and T*, but we could
do it on the series of 298 weights of more than
80 g. Rare and reserved for the elite, these
weights called “Chiefs’ Weights” are considered
the most accurate. Their small number, but
sufficient for statistical calculations, allowed us
to analyze them one by one, to calculate their
value in light or heavy taku, then assign them
the table box whose value is closest 10, and to
measure gap between observed value and standard value. In the same way we tested the hypothesis of Abel and Zeller and compared the
results.

Why can we neglect calculations in ba?
In which unit to transform the mass of the weights since we do not
know if they were conceived in taku or ba? Since 3 ba are worth
2 taku, it is necessary, to go from one to the other, to divide by 3
before multiplying by 2.
This is not a problem for all the multiples of 3, i.e. all the weights
of series 3 and 9 as well as all the multiples by 3,6,12,24 and so on
of the other series, materialized by the shaded lines in Table 1. All
these values can be calculated indifferently in taku or ba.
This is not the case for the weights corresponding to the multipliers 2,4,8,16 and so on which are not divisible by 3. To explain
that it works anyway, one could invoke the proximity that exists
between the series 13 and 9, 7 and 5, 5 and 3, which are almost in
this ratio of 3/2 11. It’s possible for small values, but not for Chiefs’
Weights because the approximation would be too strong.
The simplest explanation is that they were made in acke, that’s to
say 8 taku, the unit used for high values.

Results
1) Sorting in grams
Weight distribution:
Figures 2, 3 and 4 show the weight distribution
from 1.3 to 280 g (orange lines).

10. Thus a weight of 142 g
which is worth either 568 T*
or 645 T is classified in box
640 preferably in box 576
which it is further away
(+1% versus – 1,4%).
11. Respectively
2,8/2 and 3,3/2.

2,88/2,

- From 6 g peaks are individualized in an apparent disorder from which emerge at least 6
successive series, noted from A to F, each follo-

Fig. 2. Sorting in grams, peaks emergence and comparison with Garrard: 1,3 - 20 g.
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Fig. 3. Sorting in grams, peaks emergence and comparison with Garrard: 20 - 80 g.

Fig. 4. Sorting in grams, peaks emergence and comparison with Garrard: 80 - 180 g.

wing a geometric progression of reason 2
whose scheduling is detailed in Table 3. The B
and D series correspond to Garrard’s
uqiya and mitqal series values (see Table 1).
- The graphs also show how weights should be
distributed if they were following Garrard's
theory, according to his sorting classes (purple
line). The first gaps appear from 9.3 g. They are
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visualized on the graphs by the areas in light
orange.
- The Table 4 shows that while Garrard's
theory accounts for 89% of weights overall,
between 20 and 80 g this score drops to 85%
(2050/2420) and 66% above 80 g (197/298)
(Garrard-a column). Considering the narrow
range (Garrard-b column), it drops to 64%
(1543/2420) and 42% (125/298).
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Table 3. Peaks sequencing.

Table 4. Application of Garrard's theory to the studied collection.

2) Sorting of the 298 Chiefs’ Weights in taku
All calculations were done in taku for reasons
that we previously discussed.

- Figures 5 and 6 report their sorting in taku as
a stacked histogram. Transformed in T or T*,
all Chiefs’ Weights, but two, find their place in
the multiplication table.

Fig. 5. Chiefs' weights distribution after transformation into T and T*: 80 to 264 g.
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Fig. 6. Chiefs' weights distribution after transformation into T and T*: 288 to 1920 g.

Fig. 7. Chiefs' weights. Precision according to unit.

- Figure 7 compares the precisions obtained
according to the dualistic hypothesis, T alone,
T* alone. All weights fit into Akan multiplication table within a maximum range of [-4% to +
4.5%].
In the T + T* hypothesis 100 % are in the range
[-4% to +2,5%], 94% entre [-2,5% to +2%]. End
point [-2.5% to 1.5%], represented by the gray
area under the curves, is satisfied by 89% of
Chiefs’ Weights in T + T* hypothesis, 71 %
(212/298) in the hypothesis T* and 61%
(182/298) in T.
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3) Sorting the Chiefs’ Weights. Garrard
versus dualistic hypothesis
Figure 8 confronts the precision that Garrard's
grid allows with that of the dualistic hypothesis. The Garrard curve ranges from [-9% to +
10%]. We find the 125 weights (42%) of Table
4 corresponding to the narrow range. 91 of
these
125
weights
(73%)
belong
to
the mitqal or uqiya series, 18 (14%) and 16
(13%) to the so-called Portuguese and English
series.
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Fig. 8. Chiefs' weights. Garrard versus T+T*.

Discussion
1) What about our collection?
This is the largest collection of geometric
weights ever studied, whose strong point are
the 298 Chiefs’ Weights. Garrard had gathered
only 2000, and Mollat 2500, with very few values >80g. Composed of weights of all ages and
from diverse origins it shows the uniqueness of
the Akan Weighing System in time and space.
Far from anarchy, it shows its rigorous organization, in the form of series of peaks that can
be interpreted as a succession of Gauss curves
around a pivot value, but also, in view of their
progressive growth, like composite sets, associating values in T and T*.
2) Is the result of Chiefs’ Weights sorting
validating Akan multiplication table ?
The sorting result in the T + T* system is
unequivocal with a score of 89%, rising to 94%
if we tolerate a higher margin ≤2%. Given the
avatars that some of these weights have experienced, that the sometimes-poor quality of our
photographic documentation does not always
identify, and the possibility that some false
have slipped in, we can speak of "almost
100%". Our first end point is therefore fulfilled.
These results validate the Akan multiplication
table with its consequences on Akan people's
arithmetic skills.

3) Which of the four theories is favored by
the comparison of precisions?
89% accuracy for T + T* versus 71% for T* and
61% for T (Figure 7), statistical tests
(see Annex) proving that these differences are
significant, we can say that the dualistic theory
better accounts for the distribution of Chiefs’
Weights than the Zeller and Abel theories. For
these last two, the large number of imprecise
weights located at the extremes of the curve is
the sign that they belong to the other category.
Garrard's theory is the one that that gives the
worst description of our collection, whose sorting in grams shows that it diverges all the
more from the reality that it progresses in
weight and precision. We note that if the B and
D series correspond respectively to Garrard’s
uqiya and mitqal series, they correspond as
well to multiples by 3,6,12 and so on, and 2,4,8
and so of the light taku (see Table 2).
With only 125 weights (42%) in the narrow
range [-2.5% to 1.5%], it is also the theory
whose accuracy is the worst when faced with
Chiefs’ Weights. Moreover, the analysis of
these 125 weights shows that 73% belong to the
Islamic series and 14% to the Portuguese series,
both falling under the weak system. So, we
might say that it is a kind of degraded
light taku theory. Our second end point is thus
satisfied, which validates the duality of
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weights, but the heterogeneity in time and
space our set does not allow us to affirm that it
is a dualistic integrated system rather than two
systems, one in T and one in T*, geographically
separated.
Prematurely deceased, Garrard cannot answer
our critics. How to explain this error despite
his erudition and the relevance of his historical
analysis? We see here the consequence of its
informants’ acculturation, who, although very
old, had probably never used the weights
themselves, or in a system already degraded
and subservient to British weights and currencies, in which transactions were, at this time,
made in the light system. They did not know, or
had forgotten, all the subtilties, these stories of
male and female weight, or the role of the
seeds. Garrard's theory explained, by barely
forcing, 90% of the weight; Zeller's was incomplete; Abel's was confused; 20 T are very close
to mitqal; he did not have the computer tools to
manipulate his collection or enough Chiefs’
Weights to understand that his theory did not
explain them. For what reason would he have
questioned the correctness of his theory?
4) What are the seeds without which the
Akan Weighing System could not work?

12. Data verified by the
author on seeds from the
region.
13. First step in making a
sauce called Soumbala in
Ivory Coast, dawa-dawa in
Ghana.
14. Data verified by the
author on seeds from the
region.
15. Only later, as a result
of a decline in the quality
of Akan gold, did the £
found itself in sync with
the weak system.
16. Acke was commonly
used in Gold Coast. Its light
version weighs 1.76 g, the
heavy 2 g.
17. 90 % of these 168
weights are in the narrow
range.
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Only the seed corresponding to the light ba is
known. Taku has kept its mystery, but a search
on Google with, by analogy, "carob tree" as a
keyword, leads us to nere, the African carob
tree, aka Parkia biglobosa, whose seed is consumed by the Akan. With an average of 0.25 g, it
weighs only 0.22 g 12, once boiled and then peeled 13, making it a very suitable taku. In the
case of Abrus precatorius, the solution comes
from Abel, who tells us that, depending on
whether it is harvested during the dry or wet
season, the average weight of the seed, which
takes 2 to make a ba, is 74 mg or 83 mg 14.
5) How then to explain that the European
merchants did not understand this dualism?
Presumably by the flexibility of Akan weights,
which, by a chance effect, the light system was
in phase with the Arab and Portuguese
weights, while the heavy system was paired
with that of the Dutch and then the English 15.
The Akan, who checked each transaction with
their own weight, therefore used one or the
other system according to their interlocutor,
who could only know the part that concerned
him. Everybody was not unaware of this duality, since Dapper (1686) and Barbot (1679 as

cited in Debien et al., 1979) have, more or less
explicitly, established.
6) Can such a precision be attributed to a
system considered as empirical and of magical essence?
The reality of numbers is there which proves
the high degree of organization and precision
of the Akan system. We are not in the field of
ethnology, but in that of metrology. Astonishing as it may be, Akan have come to calculate
complex operations without written support,
and to manufacture weights with almost industrial precision. It is for the experts to explain
how.
7) Deliberately we did not write about decoding the weights that Abel believed possible
without being able to prove it. Our experience,
however, has shown us that with some modifications of its grid, the possibility of calculating
in one or the other of the two systems
in ba and taku, and the introduction for the
heaviest weights of the acke, a third unit with a
value of 8 taku 16, it was possible to decode
more than 50% of the weights, in a relatively
standardized way and by scrupulously respecting the values of the multiplication table. It
has been possible for half of the Chiefs’
Weights, and a better photographic documentation would have improved this score.
8) In this presentation, some points are assumed pre-acquired, or are briefly summarized.
This is the way in which the Akan multiplication table was established, historical documents that support the hypothesis of a dualistic
system, variations of the dinar over the centuries and botanical research that led to the identification of seeds. It is also the case of the acke,
whose value is known, but which remains rather mysterious. These elements have been
extensively investigated and our full bibliography cites the sources. Reporting them
would have complicated our demonstration
without adding anything to it. They may be the
subject of further communication. They are
available on request.
9) We will conclude by saying that the figurative weights, contrary to the opinion of Mollat
whose series lacked weight of more than 80 g,
are as precise as the geometric ones. We studied a lot of them, including 168 Chiefs’
Weights 17, which, to avoid this criticism, we
did not use for our calculations.
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Conclusion
This study proves, by the mere force of calculation, what Abel had foreseen without being
able to prove it. First, the Akan Weighing System was organized and accurate. Then, that it
was not based on mitqal, but on taku and ba,
and therefore was of African origin, giving
back to the Akan people the paternity of this
extraordinary invention. Third, that it was
composed of light and heavy weights allowing
trade at constant price but variable weight,
although on this point, the heterogeneity of our
sample does not allow us to be as positive as on
the rest.
But this result finally raises many more questions than it answers, because we will now
have to explain what had always been considered as improbable. How could these people,
with their rudimentary techniques, without the
support of writing, develop, fabricate and perpetuate, for centuries, in a fragmented political
space, such a sophisticated system?
We had before us a treasure that we have not
seen. It deserves to be listed on the UNESCO
World Heritage List. Many elements have been
dispersed before being studied in their context,
but we hope there remains, in Ivory Coast and
Ghana, enough unadulterated dja, futuo and
sannaa to inventory so that we can refine our
understanding and determine how the two
subsystems T and T * were associated. This will
be an opportunity for other researchers to
verify our theory on other collections.
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Annex: Statistical tests
Statistical tests performed on the 298 Chief’s
Weights series to compare the dual T + T *
theory with that of Garrard (Mitqal), Zeller (T *)
and Abel (T) yielded the following conclusions:
Test to compare variances:
At the risk threshold of 5%, the variances of the
series compared are significantly different (p =
0.0001324). The difference between the series
is therefore not an effect of chance.
Test for equality of proportion:
If we define as "good precision" (GP) the values
situated in the range [-2,4% to + 1,5%] around
the standard (to take into account at the same
time the sensitivity of the scales, the precision
of the fonts and time-related wear, minimal for
these large weights that have been less manipulated than the small values) and as "poor
precision" (PP) values that deviate from them,
the ranking criterion becomes the percentage

of weight (in relation to the total number of
weights) in each category.
The results of the statistical tests on this criterion in the PP class show a significant difference at the 5% threshold between the Garrard
series (58%) and the T + T * series (11%) [pvalues <2.2 e-16] whether the statistical test is
bilateral (the two proportions PP are statistically different) or unilateral (the proportion of PP
in the T + T * series is statistically lower at the
5% threshold than that of the Garrard series).
These tests similarly show a significant difference at the 5% threshold between the Abel
(39%) and T + T * (11%) series, [p <8.7 e-15, bilateral test], and [p <4.35 e-15, one-sided test] and
the Zeller and T + T series * the Zeller series
(29%) and the T + T * series (11%), [p <9.91 e-8,
bilateral], and [p <4.995 e-8, unilateral].
These results allow us to affirm that the dualistic theory is the one that best describes the
Akan Weighing System.

Fig. 9. Chief's weights.
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Fig. 10. Weighing gold. Ivory coast 1892, photograph by Monnier.

Fig. 11. Reconstitution of a dja.

22

