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The view that Islamicate science went into decline while European science was getting started is still commonly held among
historians of science and almost universal in general history and popular presentations. Different versions of the decline
thesis make it start in the 11% century with the work of Ibn al-Haytham and al-Ghazali; in the 13% century with the
sack of Baghdad, or at latest with the beginning of the “Scientific Revolution” in Europe. However, it is now increasingly
apparent that Islamicate science was healthy well into the period of the Ottomans, Safavids and Mughals. There are
many reasons for the continued attraction of the decline theses. In addition to the inaccessibility of sources, these include
mistaking the nature of credentialing in Islamicate science, and miistaking the nature of the sources in which original
science was appearing. In this paper, 1 will sketch a more appropriate social structure for understanding Islamicate science
by describing the institutional structures for training scientists and awarding credentials, and the practices of recording and
transmitting research in writing. Taking the Safavid scholar Baha al-Din al-Amili (1547—1621) as an example, 1 will
suggest that these structures supported an active research community well into the early modern period, further
undermining the decline thesis.
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1 The Decline Thesis

Most English language historians of science would pour scorn on the idea that history of science should be
written as if anything that did not contribute to modern science was both wrong and irrelevant. But many
people still cling to a vestige of this historiography in their treatment of Islamicate science. This vestige is the
thesis that Islamicate science experienced a “Golden Age” followed by a decline. There is general recognition
of the Islamicate contribution to the exact sciences like mathematics, astronomy and optics, and also in
medicine—the first accurate description of diseases like smallpox and measles, new treatment regimes, and
the development of hospitals in their modern form. But all this is supposed to have come to an end before
the “Scientific Revolution” really took hold in Europe. According to A. I. Sabra, writing in 1988:

The question is not why the efforts of Islamic scientists did not produce “the scientific revolution”
(probably a meaningless question), but why their work declined and eventually ceased to develop after
the impressive flowering of earlier centuries. Why, for instance, did algebra fail to make significant
progress after the twelfth century? Why was the work of Ibn al-Haytham and Kamal al-Din in
experimental optics not continued along lines already drawn by these two mathematicians? Why did
the observatory, once conceived and established as a specialized scientific institution, fail to gain a
permanent footing? And why did the long standing interest in astronomical observations not develop
into a more sophisticated program? (Sabra 1988: 88)!
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Different versions of the decline thesis make it start around 1050 with the work of Ibn al-Haytham (d. 1039)
followed by al-Ghazali (d. 1111), or in 1258 with the sack of Baghdad, or at latest with the beginning of the
“Scientific Revolution” in Europe, after 1543.2 In a series of books the influential historian and current editor
of Isis, H. Floris Cohen, endotses the decline thesis and, in the most recent version, dates it to “c. A.D.
1050.”3 However, it is now increasingly apparent that Islamicate science was healthy well into the period of
the Ottomans, Safavids, and Mughals—in other words the 1500s, 1600s, and 1700s.*

There are many reasons for the continued attraction of the decline thesis. We are still struggling to
deal with a vast quantity of uncatalogued and unread sources.> But a continuing problem, I will suggest, is
that we have not recognized our commitments to models of scientific research and social life that apply in
Western culture, but not elsewhere. In this paper, I will sketch a more appropriate social structure for
understanding Islamicate science, as part of a continuing effort to close the door on the decline thesis, by
arguing that historians of science have mistaken the nature of education and credentialing in Islamicate
science, and mistaken the nature of the written record and hence the sources in which original scientific work

appeared.

2 Education

In Europe and later America, universities have always played a central role in scientific education.6 During
the early modern period this was significantly augmented by colleges” and scientific societies.® These were
almost exclusively limited to men, until the late 1800s, however women and some men could learn science
from private tutors, and in other venues.” One pattern that is almost wholly absent in the West, however, is
scientific apprenticeship, that is receiving all one’s training from a single established scientist.! However,
what I have just called “apprenticeship” was the single most important pattern of scientific training in the
Islamic world from the beginning of their mature scientific tradition (in the 800s) to well into the early
modern period (and indeed this pattern of training is alive today in more traditional subjects). Islamic
scientists studied with individuals.

When a European scientist, any time from the middle ages forward, trained at a university, his
education was the responsibility of a group of scholars who made up a corporate entity. The well-known
basic courses of European universities, the #rzvium and guadrivium, as well as the advanced courses, would be
taught by different instructors. The degree that a student earned was bestowed by the corporate entity, not by
a single individual. Correspondingly, the MA was originally a license to teach the liberal arts—all the subjects
in the curriculum.!!

By contrast, the default pattern in the Islamicate world was personal instruction from an individual
expert. This pattern applied to education not only in the sciences but across the whole range of disciplines
including theology and law. An individual student might study with several different teachers—often traveling
long distances to find them, and individual teachers might have more than one student at a time. But, the
central connection, the credentialing, was between an individual student and an individual teacher. And unlike
Europe, both men and women participated as both student and teachers.!?

At the end of their training Islamic students received a license to teach called an zazah, issued by their
personal teacher. The juzah differs from a European university degree in several ways. First, as already
indicated, it is issued by an individual, even if the teacher is based at an institution, for example a college or
madrasa. The name of the place or institution does not figure in the zazah, except incidentally. Second, from
the beginning both men and women participated as both teachers and students. Third the 7agah connects the
student, though the teacher, to a chain of authorities, going back in time through the people who gave the
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teacher permission to teach this material, to their own teachers, and so on. In the case of religious (and legal)
subjects, these chains terminate with the Prophet or his Companions (who lived in the middle and late 600s),

or God. For scientific subjects a common endpoint is Ibn Sina (Avicenna, 980-1037), as you can see in Figure
1.13
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Here you see a schematic of the authorities listed in an ziazah granted in 1482 by the famous Persian scholar
al-Dawani, to a younger Ottoman scholar, Mu'ayyadzada to teach, among other things, some works on
science. Note that at the top you can see Ibn Sina, and in the middle Nasir al-Din al-Tasi (d. 1274), the
director of the Maragha observatory in Persia.!* Fourth, the 7azab is not a general license to teach a group of
subjects, but is restricted to specific texts by specific authors that the teacher himself has been licensed to
pass on. Another difference between a degree and an jagub is size; a degree certificate is usually a single sheet,
while an jazah may be a booklet that runs to twenty pages or morel!

An important corollary of the apprenticeship system leading to the Zizah is that scientific education
had no set curriculum. Although there are generally recognized sequences in advanced education (for
example, you are expected to study geometry before you study astronomy) the exact contents of any given
student’s training are determined by the training and personal interests of their teacher. This will be true even
if the teacher is attached to an institution like a madrasa or college. These institutions are neither supported
nor governed by the people who worked in them, unlike European universities. Rather they are religious
bequests.!> The founder (who may be a man or a woman) provides the funds to build the institution, and
specifies what staff to hire. They also supply ongoing salaries for staff (and sometimes students).!6 The
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founder may have specified the hiring of a teacher with particular skills or the teaching of particular subjects,
but these will most probably be theology or law. Scientific subjects were studied independently of theology
and law, and would depend on teachers with separate qualifications in these subjects. As the only thing
determining what subjects were taught at the outset would be any wishes expressed by the donor or founder,
as well as the individual training of the teacher, there need be no uniformity in curriculum, even for the
primary areas of theology and law.!” What sciences were taught would depend even motre on the
qualifications of the teacher. In any subject, a teacher might choose any set of recognized texts to teach to
students, without considering whether anyone else was using the same sequence, although the teachet’s
primary curriculum would cover those texts for which they themselves had received zjazabs.!8

3 Research

Like European universities in the medieval and early modern periods, there was no specific training in
research, or expectation that the recipient of an zazah would produce novelties as the result of research.
Rather, what we now recognize as research is primarily the result of writing new books for use by beginners,
writing new books for more advanced readers, and especially commenting on existing books. Except for the
books for beginners, all these genres may include trying to resolve outstanding problems. Sometimes this
leads to a completely new book, which introduces new problems and a new round of commentaries.
Examples are Ibn al-Haytham’s Dowubfs about Ptolenry and al-Tasi’s commentary on Ptolemy’s A/magest.’® And
anyone can do this—it does not require special equipment, like a printing press, although, in practice, popular
books were mass copied by factories of scribes.

Another important difference in research production depended on the form of written
communication, which was by manuscript not printed books. We are so used to the idea that printing was a
positive influence on the scientific revolution that we have forgotten what we lost when we stopped
producing manuscripts.? In a manuscript-based culture, commentaries and glosses begin as notes literally
written in the margins of the original work. When the work is next copied these may be incorporated into the
main manuscript, creating a new book with additional, original content. This process can go on as long as
anyone is interested in the book. In other words, a manuscript book is a wiki, but a print book is only a
text.2! This is an important source of the undervaluation of Islamicate science.

It is easy to recognize a new treatment of a scientific subject when it takes up a whole book.
Examples from the accepted history of Islamicate science are Ibn Sina’s Canon of Medicine (composed around
1025) and Ibn al-Haytham’s Op#ies (composed before 1040). Using this standard, we look for later books
improving on the earlier ones. Thus al-Tust’s Tadkhira, composed before 1274, replies to Ibn al-Haytham’s
Doubts, and later writers, like Nizam al-Din al-Nisaburi (died c. 1329) and ‘Al Qushjt (d. 1472), criticize and
expand on al-Tusl. In the case of al-Nisaburi, for example,?? several of his most important books take the
form of commentaries or glosses, which incorporate the marginal notes added to manuscripts by the process
we described above. Commentaries or glosses have often been dismissed, mistakenly, as “derivative” or a tool
for teaching rather than an original contribution to research.2? But in the Islamicate sciences, this is one of the
main places where you find original work.2+

As an example, consider the astronomical research tradition started by Baha’ al-Din al-‘Amili (1547—
1621) a polymath who lived and worked in Persia, and whose astronomical work began a major research
tradition based almost entirely on glosses and commentaries. His first book on astronomy, the Tashrih al-aflak
(Dissection of the Heavens), was an introduction for non-experts, written before 1576, and dedicated and
rededicated to four successive rulers of Persia. It lacks calculations or detailed models. It even lacks

definitions for many key terms. So, it has been seen as evidence for the decline of Islamicate science. In fact,
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it was not a bad technical text; it was a patronage gift, and more likely to be read if it was non-technical. As a
patronage gift it was very successful, ultimately gaining al-‘Amili the support of Shah ‘Abbas I (“The Great”)
in 1587. Al-‘Amili then wrote a gloss on his own book that he finished no later than 1599. The gloss is many
times longer than the original. It supplies all the technical details missing in the first, non-technical book, for
example definitions of concepts, and also refers to his original research, including new models for the moon
and Mercury. Other scholars immediately began to write commentaries on the gloss, a process that continued
for at least two hundred years. In these commentaries, they introduced new topics like discussions of the
Copernican system. Hence the existence of an active tradition of glosses and commentaries is as much an
indication of an active research tradition as the appearance of new stand-alone books.?>

The short discussion of a topic, in one section of a gloss or commentary, provides the same kind of
short form publication that scientific articles came to offer in the West, and with much the same results. As
long ago as 1962, Thomas Kuhn noted that the appearance of this form of publication was a marker for the
maturity of a scientific field. The publication of “big books” ceases when there is no longer any need to
explain all the fundamentals of a field to defend the author’s view from its competitors.26 Al-‘Amili refers to
carlier authors like ‘All Qushji and Qutb al-Din Shirazi (1236-1311), who in turn refer back to al-Tusi and the
first non-Ptolemaic models in the Islamicate tradition. The pattern of writing commentaries and glosses is
well established by his time, although his followers begin a separate branch stemming from the Tashrip al-
aflak.r’

4 Reconsidering Decline

H. J. J. Winter’s survey article “Persian Science in Safavid Times” illustrates many of the problems that still
recur in appraisals of Islamicate science. These include the refusal to accept as significant any work that did
not contribute to Western science after the European “Scientific Revolution”; failing to recognize glosses and
commentaries as original contributions, and hence failure to recognize an ongoing active scientific tradition;
privileging theoretical science over the material aspects of science (instruments and special purpose buildings)
as well as technology, and failing to apply the same standards to appraising Islamicate scientists that are
applied to Western science. Hence, Winter failed to recognize ecither the normal state of Islamicate science
before al-'Amili or its continuation for centuries after him.

Winter begins his survey by saying that during the Safavid period “[...] there is little doubt that both
Iran and Turkey were gradually coming under the influence of Western science and technologyl...].”28 This is
not only historically false, it is contradicted by evidence Winter himself brings forward, but discounts because
of his failure to address Safavid science in its own terms. He identifies al-‘Amili, and even names his most
well-known book on astronomy:2 “[Tlhere were many writets of astronomical mannals in Persia: [...] One of the
best known of these writers was Baha’ al-Din al-‘Amili [...] author of Tashrih al-aflik, a work on astronomy in
Arabic which was followed by Persian commentaries.”30

Winter goes on to mention al-AmilD’s contributions to other scientific fields including two works on
the astrolabe and a book on arithmetic that he notes, “[...] inspired commentaries in both Persia and India |[...]
and was later printed [..] (Tehran 1316/1898-99).”31 Had he followed his own note about the Persian
commentaries on the Tashrih al-aflik, he would have discovered al-‘Amil’s massive Gloss on his own work,
together with commentaries on the Gloss written by al-AmilD’s students beginning in the same year. 3 Here we
might ask, why would anyone write one commentary, let alone two, on a gloss that had only just appeared?
But, the educational system described above did not provide the large audience of undergraduates that
attracted printers to produce cheap astronomy texts for European universities in the same period, and, unless

there was a huge market, evidently these were not handbooks. The correct explanation is that each of these
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works, the Gloss and the commentaries, contained original work and constituted the extension of an active
research tradition. The Tashrih al-aflak itself might reasonably be described as a handbook, or at least a non-
technical introduction to astronomy. It achieved such importance as the founding work in al-"AmilT’s tradition
that it continued to circulate in manuscript until it was printed in the nineteenth century, and, ironically,
became a vehicle for European astronomy to enter the intellectual life of the Safavids’ arch enemies, the
Ottomans.?3

Winter is slightly more generous about practical astronomy. He describes a vigorous industry
producing astrolabes of unusual beauty, without sacrificing accuracy for decoration. Like al-‘Amili, the
principal makers served ‘Abbas I (r. 1588-1629). Winter notes that production of these instruments peaked
after peak production in Europe, around 1700 as opposed to 1580.34 He also describes the visit to Isfahan of
a European mathematician, Pére Raphaél du Mans (Jacques Dutertre, 1613—96) sometime in the late 1660s.
Pére du Mans compared Persian texts on the astrolabe with European counterparts by Stoeffler and
Regiomontanus, and concluded that the Persian works were “better and more accurate, being neater
geometrically.”?> In fact, according to Winter, “The Muslim tradition in astronomy, reaching its peak at
Samarqand, was perpetuated by the Mughal emperors, and came to its close with observatories erected at
Delhi, Jaipur, Mathura (Muttra), Benares and Ujjain [...]” in the 18th century.3¢ But even the explosion of new
observatories in Mughal India, and the huge output of superb astrolabes that he documents, are not enough
to counter the thesis of decline for Winter. The unspoken criticism is that none of these observatories
adopted telescopes, and hence were inconsequential in comparison to contemporary European sites. Al-‘Amilt
worked in the research tradition that began with al-Tusi and the observatory at Maragha he directed, and
included ‘Al Qushji who worked at the observatory in Samarkand. The construction of five observatoties by
the Mughals between 1724 and 1737 should be seen as a continuation of this vigorous research tradition,
which was evidently still satisfying the needs of its scientists, its patrons and their audiences.

According to Winter al-‘Amili is an example of “The encyclopaedic mind, characteristic of the
medieval world [...].” which prevailed in Safavid Iran.3” This is an interesting form of denigration. Al-‘Amili,
we are being told, is the wrong kind of person to be doing science, or at least to be doing worthwhile science.
Al-‘Amilt was a polymath. His main career was in religious law, leading to his appointment as the most senior
shaykh al-islam (jurisconsult) in the Safavid empire. But he also made major contributions to both theoretical
and practical astronomy, pure mathematics and other sciences. In Italy, at the same moment in time, this

scope of achievement would merit the label “Renaissance man.”

5 Conclusion

I said at the outset that the decline thesis was an instance of what might be labeled Whig or teleological
history, claiming that “anything that didn’t contribute to modern science was both wrong and irrelevant,” that
is, not propetly part of the history of science. Of course, Islamicate science during the fifteenth, sixteenth
and seventeenth centuries fits this rubric almost perfectly. But the scientific activity in fields like astronomy is
a continuation of the research traditions founded in the “Golden Age.” So, if we acknowledge the activities
of the “Golden Age” as science, we should accept their continuation in the sixteenth and seventeenth
centuries as science too. Part of the difficulty here is that we need to recognize how these research traditions
operated. Islamicate scientists were trained by individuals, not institutions, and credentialed by acquiring
yjazahs that entitled them to teach very specific items. They continued the research traditions in which they
trained, usually, by writing glosses, commentaries or supercommentaries, rather than providing new, book
length treatments of their subject. Their commentaries provided relatively short explanations, analyses, and
improvements of particular points in the text they addressed (which were often themselves commentaries,
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glosses, etc.). Each of these short discussions may be seen as the equivalent of a later European journal
article. Any commentary may contain several items that reach a noteworthy level of novelty and importance.
These patterns of education and scholarship were in place between the ninth and eleventh centuries and
persisted, with minor changes, into the present. The entire social structure of Islamicate science, the training
and credentialing of scientists as well as the written form in which research circulated, differed from later
Western paradigms. This does not mean that early modern Islamicate science was not science, or that it was
declining or stagnant. It continued to expand, continued to generate and incorporate original research, and,
most important, continued to be successful in fulfilling the needs of its home cultures.3® These were not the
needs of European science, nor were its accomplishments organized, transmitted or stored in formats that
Europeans came to regard as canonical. Islamicate science did not decline during or after the early modern

period,? it just continued in a different way from Western science.*’
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exchange. Almost all of these are available in one form or another in Islamicate societies up to and
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Qanuni I Suleyman, Dated 973 (1565),” Studia Islamica 98/99, (2004): 183-218.
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Internationales d’Histoire des Sciences 37, (1987): 3-20.
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Early in the print era Europeans continued to use manuscripts, and used books in the same way that
they had used manuscripts. Copernicus’s main book was extensively annotated and exchanged among
scholars, leading to families of copied comments, but no new printed books. See, Owen Gingerich,
An Annotated Census of Copernicus’ De revolutionibus: (Nuremberg, 1543 and Basel, 1566), (Boston: Brill,
2002.) However, Emilie du Chatelet’s printed French edition of Newton’s Principia is really a
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Principes mathématiques de la philosophie naturelle (Patis, Desaint & Saillant, 1759).
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Biographical Encyclopedia of Astronomers, ed. Thomas Hockey et al. (New York: Springer, 200), 837 (doi:
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Nizan al-Din al-Nisabiri New York: Routledge, 2007).
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Springer, 2007), 584-5, doi: 10.1007/978-0-387-30400-7_710, citing ed. Ekmeleddin Thsanoglu,
History of the Ottoman State, Society and Civilisation, 2 Vols. (Istanbul: IRCICA, 2002). And see now Sally
P. Ragep, Jaghmini’s Mulakbkhbas: An Islamic Introduction to Ptolemaic Astronomy (Betlin: Springer, 2016).
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Tashril al-aflak written before 1599 (see below), or his lost work presenting new models for the moon
and Mercury.
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Winter (1986/2008: 592), emphasis added. Cited n. 2.
Winter (1986/2008: 592), cited n. 2.

Al-‘Amil’s Gloss, completed between 1595 and 1599, is known as the Sharh tashrih al-aflik or Hdshiya
tashrily al-aflak. The end date is established by Muhammad-Kazim Tunikabunf’s commentary on the
Dissection, Qanin al-idrak fi Tashrih al-aflak, definitely completed in 1599, which makes extensive use of
the Gloss. Another important commentary was completed by Sadr al-Din Qazvini in 1672, entitled
Tafril al- idrak fi tawzih tashribh al-aflak, providing evidence of the continuation of the tradition. My
sincere thanks to Younes Mahdavi for this information.

Robert Morrison, “The Reception of Early Modern European Astronomy by Ottoman Religious
Scholars,” Archivum Ottominacum 21 (2003): 187-95, esp. 189.

Winter (1986/2008: 585-7), cited n. 2.
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Empires, 16th—17th  Centuries: ~ Seeking,  Transforming,  Discarding Knowledge ~(Burlington, VT
Ashgate/Vatiorum, 2010), and Elio Brancaforte and Sonja Brentjes (guest curators and editors), From
Rbubarb to Rubies: Eurgpean Travels to Safavid Iran (1550—1700); The Lands of the Sophi: Iran in Early
Modern Enrgpean Maps (1550—1700), Harvard Library Bulletin 23, nos. 1-2 (2012).

Winter (1986/2008: 593), cited n. 2.
Winter (1986/2008: 6006), cited n. 2.

These included, for algebra, determining shares under inheritance law, for spherical astronomy,
determining the gzbla, and for hay’a, answering the religious question of the structure of the cosmos.
See Ahmad S. Dallal, Islam, Science, and the Challenge of History (New Haven: Yale University Press,
2010), Chapter 1, text to notes 53-57.

Compare George Saliba (2007, 253), cited n. 2: “[...] [T]he production of science in what is now
Europe began to grow almost at a logarithmic rate [...] European science began to surge on, and
both of the Chinese and Islamic worlds were left behind.”
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