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Arabic text (Dresden, Landesbibliothek, Db. 87).2 The problem of directionality
becomes particularly acute in the case of Arabic (or rather Hindu-Arabic) numerals.
Arabic works on Indian arithmetic presuppose that the composite numbers are written
from right to left, just as the Arabic script is written from right to left (figure 5). So
one begins by writing the lowest number numeral and ends by writing the highest.
What happens when such an Arabic text is translated into Latin? The numerals retain
the same order. One may compare the rows of numbers in the arithmetical work of
the twelfth-century Moroccan scholar, Ibn Yasamin (figure 6), and those in the Liber
Abbaci of Fibonacci (figure 7): the surrounding script may be different, but both the
shapes and the order of the numerals are recognizably the same.

Figure 6: The Eastern and Western forms of the Hindu-Arabic numerals in the
algorism of Ibn al-Yasamin (Rabat, Maktaba al-‘amma, MS k 222, fol. 5a.)

Figure 7: Fibonacci, Liber Abbaci (Florence, Biblioteca Nazionale Centrale, MS
Magliabech.C.1,2616, fol.1v)

12 For this translation, see Charles Burnett, “The Transmission of Arabic Astronomy via Antioch and
Pisa in the Second Quarter of the Twelfth Century,” in The Enterprise of Science in Islam: New
Perspectives, eds Jan P. Hogendijk and Abdelhamid I. Sabra (Cambridge, MA. 2003), 23-51 (see pp.
23-7).
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In Latin, the texts describing the Hindu-Arabic numerals and the method of
calculating with them were called algorismi (‘algorism’) after the ninth-century Arabic
author, al-Khwarizmi, whose text had introduced this method to the Latins. In the
earliest Latin algorism (Dixi Algorizmi), which we may presume to follow the Arabic
original quite closely, we are told that every numeral ‘one’ that is ‘in an earlier decimal
place’ (in priori differentia) is ‘one’, but every numeral ‘one’ that is ‘in a later decimal
place’ (in posteriori differentia) is ‘ten’ and that ‘the beginning of the decimal places is
on the right of the reader’ (initium differentiarum in dextera scriptoris).® The same text
instructs us that when there are tens but no units, mathematicians have “placed before
[the ten] a small circle like the letter 0” (Preposuerunt...circulum parvum in
similitudine o littere).**

To talk about priority starting from the right suggests that one writes the numeral
from the right. This is confirmed in the clear statement in the Algorismus Vulgaris of
John of Sacrobosco (written before 1244) that ‘in this art we write towards the left
following the custom of the Arabs, for they are the inventors of this science’
(Sinistrorsum autem scribimus in hac arte more Arabum hujus scientiae inventorum).®
And when John gives examples of composite numbers, he mentions the numeral on the
right as being ‘in the first position’ (primo loco) and each numeral to its left as being ‘in
the second, third, fourth, etc. position”.*® So, in writing 230, one would put the ‘zero’ in
the first position, the 3 in the second position, and the 2 in the third position. That one
has to write from right to left is confirmed by the equally popular versified algorism,
the Carmen de Algorismo of Alexander of Villa Dei of the mid-thirteenth century:

Primo scribe loco digitum, post articulum; atque

Si sit articulus, in primo limite cifram.

(‘In the first place write the digit, after it, the ten, and

if there is a ten [without a digit], write a zero in the first position. ’)17

John of Sacrobosco goes on to give another completely different (and, in his view,
better) reason for writing the lower numbers on the right and the higher ones on the left,
saying: “in following the usual order in reading, we place a greater number before a
smaller number” (vel hac ratione ut in legendo consuetum ordinem observantes
numerum majorem proponamus).’® Using the same example, one says, usually, “two
hundred and thirty”” and not “zero and thirty and two hundred”. The implication, then,
from the algorisms is that one writes composite numbers from right to left, but reads
them from left to right. It would strike any graphologist as being odd, and certainly
inconvenient, if in a text involving numbers one was constantly having to shift from

3 Dixit Algorizmi has most recently been published in Die &lteste lateinische Schrift tiber das indische
Rechnen nach al-Hwarizmi, ed. Menso Folkerts, with the help of Paul Kunitzsch (Munich, 1997); see
p. 32, lines 106-10.

™ Ibid., lines 116-8.

3John of Sacrobosco, Algorismus Vulgaris, ed. James Orchard Halliwell in Rara Mathematica: A
Collection of Treatises on the Mathematics (London, 1841), pp. 1-26, and by Maximilian Curtze, in
Petri Philomeni de Dacia in Algorismum vulgarem Johannis de Sacrobosco Commentarius una cum
Algorismo ipso (Copenhagen, 1897). An annotated partial English translation of the latter, by Edward
Grant, is given in A Source Book in Medieval Science, ed. Edward Grant (Cambridge, MA, 1974), pp.
94-101. For the quotation see ed. Halliwell, p. 5, trans. Grant, p. 96 (adding ‘and Hebrews’ after
‘Arabs’).

1% Ibid., ed. Halliwell, p. 4.

7 Alexander of Villa Dei, Carmen de Algorismo, ed. Halliwell, Rara Mathematica, pp. 73-83; see p.
74.

18 John of Sacrobosco, Algorismus vulgaris, ed. Halliwell, p. 5.
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writing from left to right to writing from right to left. Do we see evidence that
composite numbers were in fact written from right to left in Latin manuscripts?

One example suggests that we do. A translation by Hugo of Santalla of Ibn al-
Muthanna’s commentary on the tables of al-Khwarizmi includes tables which contain
numerical values. We have two early manuscripts of the text, which manifest different
scribal decisions in respect to these numerals. In one manuscript, Cambridge, Gonville
and Caius College, MS 456/394 (figure 8), the scribe reverses the numerals, under the
assumption, presumably, that, since the script is reversed when one translates from
Arabic into Latin, the numerals too must be reversed (i.e., should be a mirror image of
the Arabic; taking the previous example, this would mean writing 032 for 230). Here it
IS quite clear that he is writing his numerals from left to right. They start off flush with
the left-hand sides of the boxes and fail to fill the boxes. Moreover, the numeral ‘3” has
been reversed in respect to the usual Arabic form, so that it flows naturally from left to
right, and the more complex ‘4’ has, for some odd reason, been entirely changed into a
nonsense roman equivalent. This reversal of numerals is unusual but not unique.'® In a
second manuscript of Hugo’s translation, Oxford, Bodleian Library, MS Arch. Seld.
B.34, the same numerical values appear in the more usual order (figure 9). But here we
clearly see the scribe beginning to write the numerals flush with the right hand sides of
the boxes, and stretching them out towards the left in order to fill the boxes. The forms
of the numerals too (which are identical with ‘Eastern’ Arabic forms) have evidently
been written from right to left. This is particularly obvious in the case of the ‘4’
(occurring three times) which ends with a flourish and the ‘3°, which ends with a
decisive downwards stroke. So, in both manuscripts, the scribe has written the numerals
starting with the smallest values, but the scribe of the Oxford manuscript, being faithful
to the instructions in the algorisms has reversed the direction of his handwriting.

One could say that these numerals are written within boxes and are not part of the
text, so it would not be problematic to insert them from right to left, especially since
they are not joined up to each other. The numbers written in the text are roman
numerals. The boxing of Arabic numerals is commonly seen in the algorism texts
(figure 10). The Arabic numerals should, perhaps, be regarded as symbols rather than
letters, and as such are not fully integrated into the script. Eventually, the numerals
became naturalised, and scribes must have begun to write composite numbers starting
with the highest numeral, rather than lowest, so that the order in which the numerals
were written corresponded to the order in which they were pronounced.?

9 We find it also (1) in a horoscope for 1178 associated with the Microcosmographia of a certain
‘William’ dedicated to William of the White Hands, archbishop of Reims, in Trier, Stadtbibliothek,
MS 1041, (2) in a brief algorism written in British Library, MS Arundel 206 (shortly before 1250
A.D.), and (3) in the foliation of a late thirteenth-century manuscript, Bruxelles, Bibliothéque royale,
MS 9251-2. For the last two items see Charles Burnett, “Why We Read Arabic Numerals Backwards’,
in Ancient and Medieval Traditions in the Exact Sciences. Essays in Memory of Wilbur Knorr, eds.
Patrick Suppes, Julius M. Moravcsik and Henry Mendell (Stanford, Ca., 2000), pp. 197-202.

% Thus, in Oxford, Bodleian Library, MS Digby 40 (a manuscript of Abraham Ibn Ezra’s Foundations
of the Astronomical Tables), fols 83r-v have the same tables as MS Arch. Seld. B.34, fol. 33r, but in
this case it is obvious that the numerals have been written from left to right (but not as mirror images
as in MS Gonville and Caius College 456/394).
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Figure 8: Cambridge, Gonville and Caius College, MS 456/394, fol. 73r (reproduced

by the permission of the Master and Fellows of Gonville and Gaius College).
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Figure 9: Oxford, Bodleian Library, MS Arch. Seld. B 34, fol. 33r.
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Figure 10: ‘Boxed’ Hindu-Arabic numerals in the text Dixit Algorizmi (New York, Hispanic
Society of America, MS HC 397/726, fol. 17v)
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