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Abstract

One difficulty in studying “astronomers” and “mathematicians” as distinct classes in ancient
China is that the important ones were neither specialists nor professionals, but polymaths,
with little to distinguish them from any other intellectual. Another difficulty, confounding
any modern taxonomy, is the tight relationship between astronomy, mathematics, Classical
exegesis, and ritual. This article uses the thousands of lost and extant works cataloged under
discrete emic categories in the Hanshu, Suishu, and Jiu Tangshu bibliographic treatises to
weigh the place of the sciences and their practitioners vis-a-vis other contemporary forms of
knowledge and, using polymathy as a vector, to map the connectivity and clusters between
fields. It presents numerous findings about relative anonymity, fame, productivity, and the
fields in which “scientists” were most implicated, but its principal interest is in proposing a
method to sidestep modern observer’s categories.
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Introduction

In the special issue of Revue de synthése dedicated to experts and expertise in late imperial
China, Christian Lamouroux prefaces his article with the apt double definition of the
term in Antoine Furetiére’s (1619-1688) Dictionnaire universel of 1690. To paraphrase:
“expert” refers to someone skilled in his craft and, substantively, through which some
skill or knowledge can be visited and reported upon. This reminds us, in Lamouroux’s
words, that “[p]our qu'une compétence soit mise en ceuvre comme expertise, la société
doit non seulement identifier un individu par I'habilité qui lui est propre, mais il faut
dans le méme mouvement qu’elle crée le cadre collectif dans lequel est mobilisé ce
savoir-faire,” and the author goes on from there to describe the complex web of ideas,
values, social structures, and interactions that organized competency into expertise
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among Song (960-1279) artisans.! This article invites the reader to take another step
back to consider everything tangled up in the question “An expert in what?”

It is increasingly difficult to find the words to describe what we study in the history of
science in the ancient world. In 1959, when Joseph Needham (1900-1995) published the first
topical volume of Science and Civilisation in China, Mathematics and the Sciences of
the Heavens and the Earth, historians spoke with confidence about “astronomers,”
“mathematicians,” and “scientists” in ancient China, but much has changed since then. For
one, while there was never a consensus on the matter, the 2000s saw the explicit challenge to, if
not defeat of, the truism that astronomy and mathematics had always been characterized
by secrecy, state monopoly, and hereditary specialists.” In sinology, the last few decades have
seen the deconstruction of the category “science,” followed later by “astronomy” and
“mathematics.” All these terms have become, in varying degrees, taboo: relegated to scare
quotes and reflexively avoided as anachronisms.> We abandoned the idea that “science” was
somehow the exclusive domain of “Taoists,” whatever that means,* and realized that most
“astronomers” and “mathematicians” were neither professionals nor specialists, but gentle-
men polymaths.® Since 2018, the study of the social networks of these polymaths has also
blurred the lines distinguishing the history and sociology of these fields from any other.®

!Christian Lamouroux, “Le travail artisanal en Chine (x°-x11° siécles): entre curiosité lettrée et expertise
bureaucratique,” Révue de synthése, ser. 6 131.2 (2010), 167-92, here 169.

*For statements of this truism, see Wolfram Eberhard, “The Political Function of Astronomy and Astronomers
in Han China,” in Chinese Thought and Institutions, edited by John Fairbank (Chicago: The University of Chicago
Press, 1957), 37-70; Joseph Needham, Science and Civilisation in China, vol. 3, Mathematics and the Sciences of the
Heavens and the Earth (Cambridge: Cambridge University Press, 1959), 186-94. For explicit challenges, see
Christopher Cullen, “Actors, Networks, and ‘Disturbing Spectacles’ in Institutional Science: 2nd Century Chinese
Debates on Astronomy,” Antiqgvorvm Philosophia 1 (2007), 237-67; Chen Meidong [#355, Zhongguo gudai
tianwenxue sixiang "1 B i X R SCER EAE, Zhongguo tianwenxueshi daxi H1E A SCE2 51k % (Beijing: Zhong-
guo kexue jishu chubanshe, 2007), 17—32; Nathan Sivin, Granting the Seasons: The Chinese Astronomical Reform of
1280, with a Study of Its Many Dimensions and a Translation of Its Records (New York: Springer, 2009), 56—60;
Christopher Cullen, Heavenly Numbers: Astronomy and Authority in Early Imperial China (Oxford: Oxford
University Press, 2017), 293-301. For nuanced studies of the more recent period for which this is true, see Thatcher
Elliott Deane, “The Chinese Imperial Astronomical Bureau: Form and Function of the Ming Dynasty Qintianjian
from 1365 to 1627” (Ph.D. diss., Seattle, University of Washington, 1989); Chang Ping-Ying 5E5¢2%, The Chinese
Astronomical Bureau, 1620—1850: Lineages, Bureaucracy and Technical Expertise (London: Routledge, 2023).

®Nathan Sivin, “Why the Scientific Revolution Did Not Take Place in China—or Didn’t It?,” Chinese
Science 5 (1982), 45-66; Donald J. Harper, “Warring States Natural Philosophy and Occult Thought,” in The
Cambridge History of Ancient China: From the Origins of Civilization to 221 B.C., edited by Michael Loewe
and Edward L. Shaughnessy (Cambridge: Cambridge University Press, 1999), 813—84, esp. 815; Christopher
Cullen, “People and Numbers in Early Imperial China: Locating ‘Mathematics’ and ‘Mathematicians’ in
Chinese Space,” in The Oxford Handbook of the History of Mathematics, edited by Eleanor Robson and
Jacqueline A. Stedall (Oxford: Oxford University Press, 2009), 591-618, esp. 591-93.

*Nathan Sivin, “On the Word ‘Taoist” as a Source of Perplexity: With Special Reference to the Relations of
Science and Religion in Traditional China,” History of Religions 17.3/4 (1978), 303-30.

SHoward L. Goodman, “Chinese Polymaths, 100-300 AD: The Tung-Kuan, Taoist Dissent, and Technical
Skills,” Asia Major 3rd ser., 18.1 (2005), 101-74; Cullen, “People and Numbers”; Howard L. Goodman, Xun Xu
and the Politics of Precision in Third-Century AD China (Leiden: Brill, 2010); Yeong-Chung E. Lien, “Zhang Heng,
Eastern Han Polymath, His Life and Works” (Ph.D. diss., University of Washington, 2011); Ya Zuo, Shen Gua’s
Empiricism (Cambridge, MA: Harvard University Asia Center, 2018).

®Yang Qiao #5175, “Like Stars in the Sky: Networks of Astronomers in Mongol Eurasia,” Journal of the
Economic and Social History of the Orient 62.2-3 (2019), 388—427; Daniel Patrick Morgan, “Regional
Networks in Chinese Mathematics and Astronomy, 317-618 CE,” East Asian Science, Technology, and
Medicine 53.1-2 (2021), 1-53.
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In short, the basic ontologies structuring any 1950s history of premodern Chinese science are
all now confused or defunct—all perhaps but the fundamental unit of the individual person.

But not all is confusion. In the place of this structure has arisen an attention to emic/
actors’ categories: the conceptual vocabulary by which our historical subjects organized
their world. We noticed, for example, that what we study in the history of astronomy was
divided in China between the opposite but complementary categories of tianwen K 3Z (lit.
“heavenly patterns”) and li J& (lit. “sequencing”). These words did not always mean what
they do in modern Chinese (tianwen = “astronomy,” li = “calendar”), nor do they map
neatly onto any Western distinction between “astrology” and “astronomy.” Rather, they
refer to a division of labor, roughly speaking, between the nighttime, observational, and
interpretative (tianwen) and the daytime, computational, and predictive (li).” Tianwen
includes zhan 5 (lit. “divination,” “omen reading,” “omenology”), and while there is
indeed something resembling the astrology—astronomy dichotomy at their core, even this
is framed in fundamentally different terms from those with which we are familiar.® In the
words of the famous Tang astronomer-monk Yixing —{7T (673-727):

HIEERIETE, AMTRIE T G GEIER, Feh DUBSE: [ B, FE
DMREE, HILZEE, KENREEE.

That which follows measures is the domain of I, and that which is (unnaturally) off in its
motion is the domain of zhan. The way of zhan works forwards from things as they
occur, always holding to the mean in (active) search of sudden unexpected change
(to interpret in political terms). The way of i, [on the other hand], works backwards
from numbers, always holding to the mean in a (passive) wait for aberration (to explain
away or by which to correct one’s mathematical models). He who understands this
[distinction] will look upon the way of heaven as if he held it in his palm.”

Historians now realize that the definitions and distinctions upon which our subjects insist
matter for understanding the texts that they label as such.

As this example illustrates, of course, the precise contents of a historical category like i are
defined not in a vacuum but by opposition, hierarchy, and interaction with others with which
we may be equally unfamiliar. It also goes without saying that the conceptual landscape
evolves, and not everyone agrees upon, respects, or is even aware of the sort of finer

7 A recent treatment of this distinction, see Daniel Patrick Morgan, Astral Sciences in Early Imperial China:
Observation, Sagehood and the Individual (Cambridge: Cambridge University Press, 2017), 10-25.

8See for example Nakayama Shigeru H[]/%, “Characteristics of Chinese Astrology,” Isis 57.4 (1966), 442-54;
Christopher Cullen, “Understanding the Planets in Ancient China: Prediction and Divination in the Wu Xing Zhan,”
Early Science and Medicine 16 (2011), 218-51. For an idea of the medley of subjects collected under the broader label
“heavenly patterns” (tianwen), see Ho Peng Yoke {a]5fll, The Astronomical Chapters of the Chin Shu (Paris:
Mouton, 1966); Daniel Patrick Morgan, “Heavenly Patterns,” in Monographs in Tang Official History: Perspectives
from the Technical Treatises of the History of Sui (Sui Shu), edited by Daniel Patrick Morgan and Damien
Chaussende, with the collaboration of Karine Chemla (Cham: Springer Nature, 2019), 143-79. See also the
somewhat exceptional medley collected under earliest usage of the term in Marc Kalinowski, Maitre de Huanan:
Traité des figures célestes (Paris: Les Belles Lettres, 2022).

°Cited in Xin Tangshu &= (Zhonghua shuju edn), 27B.627. On Yixing and his polymathy, see Chen
Jinhua, “The Birth of a Polymath: The Genealogical Background of the Tang Monk-Scientist Yixing (673—
727),” T’ang Studies 18—19 (2000-2001), 1-39; Jeffrey Kotyk, “Yixing and Pseudo-Yixing: A Misunderstood
Astronomer-Monk,” Journal of Chinese Buddhist Studies 31 (2018), 1-37; Guo Jinsong F[\;# &, “Seng Yixing
gaili yu Tang Xuanzong zhili” {8 —17T /& Ei[E 2 5518, Zhongyang yanjiu yuan lishi yuyan yanjiusuo
jikan HROERZERE R S SRS ISR ATEE T 93, no. 2 (2022), 367-407.
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distinctions argued by capital elites like Yixing. Launched by Li Ling in 1993, the most
ambitious push to reconsider actors’ categories in the history of science in China has been the
reification of the term shushu #fi (lit. “numbers and procedures”). Derived from
mathematics, the term appears as a meta-category in the first-century bibliographic treatise
of the Hanshu, under which are filed tianwen, li, chronology (pu %), and various forms of
terrestrial divination. Historians of excavated divination texts have used the meta-category
to argue for the equivalence, if not non-distinction, of the distinct categories thereunder as a
way to collapse those of “science,” “magic,” and “religion.”'® Actors’ categories can thus aid
in the work of deconstruction, but the real challenge, in my opinion, is to reconstruct how
actor’s categories articulate with people, texts, and one another in medias res. Particularly
noteworthy in this regard are the recent studies of Chen Kanli and Zhu Yiwen, which show
how “heavenly patterns” and the mathematics of heaven and earth (Ii and suan &, lit.
“computation”) were deeply intertwined with Confucian exegesis and classical ritual in
imperial times.!! It turns out—as everyone once knew—that these subjects went together
hand in hand.

Building upon Nathan Sivin’s (1931-2022) visionary articles on ‘cultural manifolds’ and,
essentially, penetrating actors’ categories via bibliographic rubrics,'? this article will make a
novel attempt to weigh and place “the sciences” among other fields of knowledge from Han
(206 BCE-220 CE) to Tang (618-907) and, in the final section, to map the connectivity
between fields using polymaths as vectors. To this end, I will resort to bibliometrics,
analyzing the information on authorship, dates, and emic classification contained in the
Hanshu JEZE (111), Suishu [FZE (656), and Jiu Tangshu BERFE (945) bibliographical
treatises, cross-referencing it with external data such as biography, and mapping global
patterns in multi-genre authorship via network diagrams. The interest in this digital
humanities approach is that it stands to decenter the author’s centers of interest and
expertise, providing a relatively objective big-picture view of the medieval Chinese tree of
knowledge and how its different branches were interconnected. It is also, I hope to show, an
effective means of getting around etic categories and anachronisms to provide confirmation
of such recent (re)discoveries as Chen and Zhu’s and, hopefully, lead us to more. My key
findings are as follows. First, “the sciences” were moderately well-integrated subsidiaries of
certain core fields, and their authors only moderately famous, but they appear to be among

"OLi Ling 222, Zhongguo fangshu kao "FEH J71f77% (Beijing: Renmin gongzuo chubanshe, 1993); Li Ling
&, Jianbo gushu yu xueshu yuanliu f§ 55 EHEMTFR, rev. ed. (Beijing: Sanlian shudian, 2008),
esp. 403—4. On the history of this category, see Song Huiqun K& &, Zhongguo shushu wenhua shi J1 BT %
AL (Kaifeng: Henan daxue chubanshe, 1999); Marc Kalinowski, “Technical Traditions in Ancient China
and Shushu Culture in Chinese Religion,” in Religion and Chinese Society, edited John Lagerwey (Hong Kong:
The Chinese University Press; Paris: Ecole francaise d’Extréme-Orient, 2004), 223-48.

"' Chen Kanli [ {3, Ruxue, shushu yu zhengzhi: zaiyi de zhengzhi wenhuashi {FE2, BTHIECE E S
FYEUESIALSE (Beijing: Beijing daxue chubanshe, 2015); Zhu Yiwen 24— 32, “Fentu yu heliu: cong suanxue yu
jingxue de guanxi kan Nanbeichao shuxueshi” /3 #REAE i : (L B E2 AL LR B A B R I LFREER 51, Zhongguo
kejishi zazhi PEIFHY 2 EEE 42.1 (2021), 79-90; Karine Chemla and Zhu Yiwen 2&—3Z, “Contrasting
Commentaries, and Contrasting Subcommentaries on Mathematical and on Confucian Canons,” in Mathemat-
ical Commentaries in the Ancient World, edited by Karine Chemla and Glenn W. Most (Cambridge: Cambridge
University Press, 2022), 278—433. Zhu Yiwen’s work on this topic is spread across a large number of articles—all
equally worth reading—references to which can be found in his latest publications.

®Nathan Sivin, “Science and Medicine in Chinese History,” in Heritage of China: Contemporary
Perspectives on Chinese Civilization, ed. Paul S. Ropp (Berkeley: University of California Press, 1990),
164-96; Nathan Sivin, “A Multi-Dimensional Approach to Research on Ancient Science,” East Asian Science,
Technology, and Medicine 23 (2005), 10-25.
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the most productive categories of written knowledge, medicine and mathematics in particu-
lar. Second, the more “mathy” the “science,” the higher works’ rate of attribution to historical
authors, while divination and medicine are rampant with anonymous and pseudepigraphal
works. Third, while the idea of polymathy is not new, mapping its extent and patterns in this
corpus is edifying. Fourth, as a case in point, this analysis suggests that the connection
between mathematics and music is one that may merit exploration. The following pages are
an experiment, and they are, more than anything, an invitation to play with the underlying
data, scripts, and interactive diagrams available on HAL."

Sources and Methodology

Biographies are replete with information about historical subjects’ various competen-
cies: “[Zhang] Heng 5Ef# (78-139) was good at mechanical inventions, but his
thoughts were particularly devoted to heavenly patterns, Yin-Yang, /i, and suan”
(=i, TRUER RS, Fafs. FESE).' For a comprehensive historical tax-
onomy of human knowledge and a large, unequivocal, and regularly formatted data
set of who knew what, even better than biographies is a library catalog or an encyclo-
pedic bibliography. Ban Gu’s & (32-92) Hanshu “Yiwen zhi” 37 is such a
source. Based on the catalog of the Han Imperial Library by Liu Xiang %[ (79-8 BCE)
and Liu Xin ZEK (d. 23 CE) it features just shy of 600 catalog entries divided into thirty-
eight categories and six meta-categories. The standard entry provides a title and a
number of units (“rolls” [juan #] or, more rarely, “chapters” [pian &]), and many
provide an author either in the work’s name or following the units:

EEAN AR, £
Huainan, the Inner 21 Chapters, [by] King [Liu] An (under “Masters:
Miscellaneous” [EE+-557]).

ERNIEI R iy
Xu Shang’s Computational Procedures in 26 rolls (under “Numbers and Procedures:
Li and Chronology” [fl7#-J&5]).1°

Similar bibliographic treatises are to be found in the Suishu, the Jiu Tangshu,'® and
later dynastic histories and encyclopedias, and they become more expansive, standard-
ized, and informative over time.!” The exact value, meaning, and reliability of praise
coming from a biographer or contemporary is up for debate: About what kind of “Yin-
Yang” did Zhang Heng think? How good at it was he? Did his thoughts have an impact?

Bhttps://shs.hal.science/halshs-04870806.

"“Hou Hanshu %% (Zhonghua shuju edn), 59.1897.

YHanshu 2% (Zhonghua shuju edn), 30.1741, 30.1766.

'*Hanshu, juan 30; Suishu 53 (Zhonghua shuju edn), juan 32-35; Jiu Tangshu B2 (Zhonghua shuju
edn), juan 46—47.

7On bibliographies and libraries in early imperial China, see Jean Pierre Drége, Les bibliothéques en Chine
au temps des manuscrits: jusqu’au X° siécle, Publications de I'Ecole frangaise d’Extréme-Orient 161 (Paris:
Ecole frangaise d’Extréme-Orient, 1991); Pablo Ariel Blitstein, “The Art of Producing a Catalogue: The
Meaning of ‘Compilations’ for the Organisation of Ancient Knowledge in Tang Times,” in Monographs in
Tang Official History: Perspectives from the Technical Treatises of the History of Sui (Sui Shu), edited by Daniel
Patrick Morgan and Damien Chaussende, with the collaboration of Karine Chemla (Cham: Springer Nature,
2019).


https://shs.hal.science/halshs-04870806
https://doi.org/10.1017/jch.2024.68

https://doi.org/10.1017/jch.2024.68 Published online by Cambridge University Press

6 Daniel Patrick Morgan

However, while next to nothing is known about Xu Shang or his eponymous 26-volume
work, the fact of his authorship and inclusion in this presumably selective imperial
bibliography'® is a solid indicator that the knowledge embodied in his writing was “visited
and reported upon” by others well beyond his own lifetime. There is no better proof, in
other words, that Xu Shang was what we might call an expert, nor of the domain of his
expertise, nor of the distinction of that domain from others.

The comprehensive taxonomies, rich, formulaic data, and relative homogeny in form across
extant bibliographies from 111 to 945 are my reason for focusing on this corpus. As part of a
larger project, and inspired by the recent work of Joseph Dennis on book lists and the
circulation of knowledge in Ming—Qing gazetteers,'” 1 have tagged digital versions of the
aforementioned treatises in XML. Together, these bibliographies provide thousands of entries
identifying specific individuals as authors within specific categories in a comprehensive
taxonomy of written knowledge. However, to extract and make any use of this information
—or to even say how many works, authors, and categories there are—I first had to settle on
four points concerning definitions and data cleaning. To explain, I must switch here to precise,
technical language and questions of how to make a human trace machine readable. (For readers
principally concerned with results and application, I suggest skipping to the next section).

First, I had to establish the ontologies to which words refer, so as to disambiguate two
people or books who share the same name and to identify different names as referring to the
same person or book. This is easy for people: each physical person is given a unique identifier.
In the case of works, however, I arrived with some trial and error at the following scheme. I
define a “work” as the combination of a distinct author or set of coauthors with a distinct
“authorial act” (e.g. “writing” [zhu 3& / zhuan {§2] or “annotating” [zhu JE]), the title of which
may vary. Where the same work appears in different numbers of chapters or rolls, I count
these as different “editions” of the same work. By default, the same combination of author/s,
authorial act/s, title, and volumes is treated as the same edition across bibliographies, and the
same combination of author/s, act/s, and title is treated as the same work. For different titles
referring to the same work (e.g., Huainan JEFg, Huainanzi JEF T, Honglie 1531, Liu An zi
2I%7F-),  manually identified them in the XML corpus based on contextual evidence, as well
as by exporting tagged title strings to tables and sorting them by the aforementioned criteria as
well as by similarity as measured using the Python module SequenceMatcher. I sometimes
had trouble deciding about anonymous works, e.g., the “Astronomical Office Note Records,
6 rolls” (KSR 7N#4) and “Astronomical Office Record Notes, 6 rolls” (K SEECIE7N4)
cataloged side by side in the Sui treatise.’® Such works are of negligible importance, however,
since my principal concern is the classification of authors by bibliographic category.

'8In the preface to the Han bibliographic treatise, Ban Gu reports that Liu Xin’s Qiliie -1 catalog “gathered
together all the writings” (44Z ) but that “here I have cut [the summaries] down to their essentials to fill to
completion the [list of] works” (S HEZE, DL £8; Hanshu, 30.1707). One nonetheless suspects that this and
other catalogs were products of the sort of selection described in the Sui catalog: “those [works] taken up by the
old catalog that were superficial and vulgar in style and sense and unhelpful for instruction in reason (Ii #) have
all been excised, while those omitted [works] whose words and meaning are fit for selection and possess some
substantial benefit have all been appended therein” (FLEESRFTHY, SUFHA . MERHERE, WML, HE
PRETIE, BYEs OISR, A FTaARR T, B A Suishu, 32.908). For an idea of the myriad complexities contained
in the words “presumably selective,” see the articles cited in Note 19.

“Joseph Dennis, “The Role of Donations in Building Local School Book-Collections in the Ming
Dynasty,” Ming Qing Yanjiu 24 (2020), 46—66; Joseph Dennis, “Data Collection Practices for Compiling
Confucian School Library Book Lists in Ming and Qing Local Gazetteers,” Monumenta Serica 69.2 (2021),
487-513; and the Books in China Database, www.booksinchina.org.

*0Suishu, 34.1024.
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Second, while the organization of these three bibliographies is similar, it is not
identical, nor do all three use all the same exact taxonomy. Between the Han and Sui
treatises, for example, the meta-category “Numbers and Procedures” disappeared, “Heav-
enly Patterns” and “The Mathematics of Heaven and Earth” (Li suan [& &) were moved to
“Masters” (philosophy), and the various forms of terrestrial divination were all rolled into
“Five Agents” (Wuxing 711T).”! In quantitative terms, of the 2524 unique works in the Jiu
Tangshu catalog, 2502 do not appear in the Hanshu, and 1530 do not appear in the Suishu.
This is due to both chronological order and selection, and it means that the Jiu Tangshu’s
is the only catalog to classify these 1530 works. Now, of the 994 unique works that the Jiu
Tangshu and Suishu catalogs share, the two catalogs agree on their categorization of
889 (89.4 percent). The question is what to do with the 108 work-category pairs upon
which the two catalogs disagree,”” the 4326 works cataloged in the Suishu that do not
figure in the Jiu Tangshu, and similar discrepancies with the Hanshu.

My solution was to keep all work-category identifications, to use the Old Tang
History taxonomy as my framework, and to add and merge several categories as
necessary. For example, the Jiu Tangshu catalog omits the Sui categories “Ancient
History” (Gu shi t55), and “Hegemon History” (Ba shi &§52), moving the works
therein elsewhere. That is fine, but to avoid manually classifying works that the Old
Tang History catalog omits, I must retain the Sui categories (and double classifica-
tions). Conversely, The Old Tang History catalog divides the Sui’s “Healing and
Recipes” (Yi fang B£77) category into “Meridians and Vessels” (Jingmai £8k) and
“Healing Techniques” (Yishu E&7f), and to avoid manual classification in this case, I
must roll everything in “Meridians and Vessels” and “Healing Techniques” back under
a single rubric. The resulting unified taxonomy in Table 1 is thus a hybrid, but it is one
that is necessary to treat all (rather than something like 89.4 percent) of the catalogs’
contents, and it is based on the principles of conservation (keeping double classifica-
tions) and rolling back distinctions to avoid editorial intervention.”® Lastly, the
equivalency between a bibliographic category, a genre, and a distinct field of knowledge

21Again, see Kalinowski, “Technical Traditions.”

*Note that 108 + 889 = 997 # 994, because I have switched here from speaking about unique works to
work-category pairs, and several works are classified under two bibliographic categories.

#To give the reader a concrete sense of the problem, I submit the case of medicine. My historical training and
knowledge of the subject leads me to think that the Jiu Tangshu’s “Meridians and Vessels” (Jingmai) and “Healing
Techniques” (Yishu) categories can be unproblematically equated with the Suishi’s “Healing and Recipes” (Yi fang).
The data also supports this: the Suishu category contains 391 unique works, 22 of which are found under the Jiu
Tangshu’s “Healing Techniques,” 4 under “Meridians and Vessels,” and 1 under “Agronomy”; conversely, of the
133 unique works under the Jiu Tangshu’s “Meridians ... ” and “Healing ...,” 22 appear under the Suishu’s “Healing
and Recipes,” and 0 elsewhere. This leaves 364 and 107 works that are unique to the Sui and Old Tang catalogs,
respectively. I am presented with four options: (1) excise all data on medicine, claiming it is incommensurable;
(2) include both (or all three) categories, confusing and diluting any discussion of what, to us and the Suishu
compilers, is a single thing; (3) arbitrarily decide for each of the 391 lost works in the Sui catalog to which of the two
Old Tang categories it “really belongs”; (4) roll back the Old Tang distinction between “Meridians ...” and “Healing
...” to keep the data, keep it clean, and stick to (some) emic classification. I chose (4). As one reviewer objected, this
homogenization of taxonomies both disregards historic changes and picks and chooses between emic standpoints.
This is true, but 89.4 percent of these two treatises’ shared contents are perfectly aligned, and how I approach the
other 11.6 percent is no more incautious than how one normally reads between the lines in history and philology.
Lastly, most classificatory disagreements are concentrated along several paths. Of the 108 disagreements between
the Old Tang and Sui catalogs, for example, 29 involve the dissolution of “Ancient History” and “Hegemon
History,” 16 moving something from “Miscellaneous” to a more specific category, 11 rolling “Classics, General
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Table 1. My hybrid “four-division” bibliographic taxonomy combining those of the Hanshu, Suishu, and
Jiu Tangshu treatises.

[Cllassics &% [P]hilosophy
Changes 5 Confucianism {£%¢
Documents = Taoism 3E5%

Odes &% Legalism 5%
Rites & Nominalism 452
Music %% Mohism 52
Annals &Fk Diplomacy #tf&5¢
Filial Piety 224% Misc. 5%
Analects ZfHEE Agronomy E5
Wefts z#4% Anecdotes /\&i
Exegesis £Lfi# Yin-Yang [&[55%
Philology zh3/l[-/[NE& Heavenly Patterns K

Mathematics [of Heaven and Earth] [E &

[Hlistory 52 Military Writings fo3

State [ 52* Five Agents 11T

Chronicles 4R4E* Games ¥ #iffi

Ancient 52 * Encyclopedias 383

Hegemons &7 52* Medicine && 5

False States {&5* Immortality FH{&E

Misc. ZfE5*

Court Diaries #&/&E/+ Belle [L]ettres ££, lit. “Collections”
Old Matters &= Chu Poetry 4#z5

Administration F{E Collected Works FI|£&

Misc. Traditions ZfE{E* Poetry 444, lit. “General Collections”

Ceremonial %
Law il
Bibliography H §%
Genealogy Fft
Geography 7

Note: Asterisks (*) mark subdivisions of “History” that will be later joined in transitioning to a discussion of coherent “fields”
and author—field networks. Note also that, for the sake of accessibility, the following discussion and diagrams will opt for
the English translations given here, and that these translations should be read as nothing more than awkward stand-ins for
the actor’s categories in Chinese.

Studies” 77 4%4# %% into “Classical Exegesis” 4%fi#, 9 rolling “Lexicography” f Fis% 2 into “Philology” /[NEZ,
5 the dissolution of “Healing and Recipes,” and 3 the dissolution of “Confucius, Disciples” FL.# and
“Confucius, Family Sayings” 7. In the grand scheme (7246 works), none of my decisions on how to treat
these details had any noticeable effect on broad conclusions that I draw.
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is not a given, so I will introduce a couple of modifications to this taxonomy below
where I shift to genres and fields.

Third, for the purposes of this article, some data merit exclusion. Namely, since I am
interested in trends among historical, human polymaths, I have excluded obviously
pseudepigraphal authorship acts by immortals, divinities, and legendary figures such as
Confucius, the Yellow Emperor, and the Duke of Zhou. I must also exclude those where
only the author’s surname is given and I am unable to identify to whom it refers.>* Lastly,
to normalize the data concerning attribution and anonymity, I chose to remove from
consideration 79 anonymous works comprising summaries and tables of contents of
another work, titled mulu H$%, mu H, or lu $%, which are unevenly concentrated in a
handful of bibliographic categories.

Fourth, these bibliographic treatises sometimes omit authors and coauthors known
from other sources, notably the author’s biography, the extant version of said work, or
both. This is the case for the lost “Treatise on the Suspended Signs, 148 rolls” (FEE—H
V0 /\#), cataloged in the Sui treatise, which Yu Jicai’s fEZ=7f" (516-603) biography in
the same history lists among his works (in a different “edition” in 142 rolls).”® Given that
what matters in this article are the different rubrics under which Yu Jicai’s works are filed
in the three bibliographies, then there is no good reason to ignore such external evidence.
This is especially the case given that, as part of my larger project, I have already made a
systematic effort to gather it for the astral and mathematical sciences.

All of these decisions introduce bias. In particular, supplementary authorship data is
weighted towards my personal centers of interest, and I am not as familiar with the
surname-only attributions in Taoist philosophy as I am in astronomy. There might also
be good reason to include pseudepigrapha and anonymous tables of contents in relation
to different questions, and I have no doubt that the figures and diagrams below will
change as more bibliographies and external data are included. I thus remind the reader
that this article is an experiment, and I invite him/her to inspect my data set and precise
steps of cleaning and calculation.”®

With these explanations and caveats out of the way, the result after implementing the
four decisions enumerated above is a combined, hybrid Han-Sui-Tang bibliographic
catalog in six divisions (“Classics,” “History,” “Masters,” “Collections,” “Taoism,” and
“Buddhism”) and 47 categories, with a total of 7246 distinct works in 7736 editions and
106,873 volumes (juan).

» « » « »

The Place of the Sciences

I have spoken thus far about “science,” its deconstruction, and the challenges of thinking
through and around such etic categories. I will nevertheless retain the term—"the
sciences”—with the qualification that what I mean by this is the concrete historical
activities generally studied under the banner “history of science.” Among the 47 categories
of my combined Han-Sui-Tang bibliographic catalog in Table 1, those at the heart of the

**For example, I know from external evidence that “Mr. Jiang’s Triple Epoch Astronomy, in 1 roll” Z2[%, =
40J& —4& (Suishu, 34.1022) refers to a title by Jiang Ji Z2 % (fl. 384), but not to whom “Mr. Xiahou” refers in
“Mr. Xiahou’s Medical Recipes, in 7 rolls” B {#[KEE71-% (Suishu, 34.1042). The latter is effectively
anonymous in terms of my ability to identify its author with that of another work, and I thus count it as such.

**Suishu, 34.1021, 78.1767.

*%Again, you can download these from the link given in Note 13.
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modern history of science are “Tianwen” (Heavenly Patterns), “Li shu” J& #/“Li suan” [&
B (hereafter “Mathematics”), “Yifang” $&75/“Yishu” B&fij (hereafter “Medicine”),
“Wuxing” (Five Agents) terrestrial divination, and “Nongjia” E25% (Agronomy). Hypo-
critically, I will likewise be using the modern terms “mathematics” and “medicine” in
arguing for the importance of actors’ categories, but I do this for two reasons: short labels
make for readable diagrams, and these terms are familiar to outside readers. For those in
the know, “mathematics” is to be pronounced li suan. The keen reader will also notice that
missing from this list are several subjects to which the series Science and Civilisation in
China devotes entire volumes, such as logic, botany, and technology. Something like
“technology” certainly existed as a category of knowledge, e.g., Zhang Heng’s “mechanical
inventions” (jigiao 14J7), and people like Zhang Heng even wrote about it. However,
those writings were filed under established categories like “Heavenly Patterns.”

Where do the sciences fit into the tree of knowledge as reflected in ancient Chinese
bibliography? Judging from the order in which they are presented, they would seem to be
an afterthought. The Han catalog places “Agronomy” second to last among the “Masters”
of Warring States (481-221 BCE) philosophy, and it divides the rest between the meta-
categories “Numbers and Procedures” and “Recipes and Techniques” (Fangji 77%) at the
very end of the catalog. However they may be divided, the rest consistently appear in the
order “Heavenly Patterns”—“Mathematics”—“Five Agents”—“Medicine,” and the accom-
panying descriptions are structured around elite moral values and judgments that smack,
in Marc Kalinowski’s opinion, of ideological hierarchy.?” In the Sui-Tang, the sciences
were then promoted to the status of “Masters” alongside Confucianism and Taoism. Even
so, the Sui-Tang catalogs place them at the very end, and if it is any consolation, the Old
Tang treatise inserts several new categories in between the first three and medicine:
“Military Writings,” “Encyclopedias,” and “Games” (see Table 1).

Judging by output, however, the bibliographies tell a very different story (Figure 1A). Be it
by the number of titles or the number of volumes, the sciences were by far some of the most
amply cataloged, if not most prolific, of any bibliographic category. Distinguishing between the
meta-categories [Cllassics, [H]istory, [P]hilosophy, and Belles [L]ettres, their only contenders
by number of titles are “[L] Collected Works,” “[L] Poetry,” and “[H] Miscellaneous
Traditions.” And of these, “[L] Collected Works” must be considered apart, as it is a
miscellaneous category based on the author rather than the subject. In terms of volumes,
the contrast is less stark, with “Heavenly Patterns” and “Mathematics” dropping to tenth and
eighteenth place, respectively. But regardless of the metric, the cataloged output in “Heavenly
Patterns,” “Mathematics,” “Five Agents,” and “Medicine” nonetheless outstrips most of the
Classical and Philosophical categories that precede them in terms of chronological and
bibliographic order. The outlier is “Agronomy,” which sits next to other minor Warring
States philosophies at thirty-fifth and fortieth place, respectively, in terms of titles and volumes.

“Medicine” and “Five Agents” are massive categories, but what stands out in quick
comparison to any other division of Philosophy is that they are awash in anonymous and
pseudepigraphal titles. Little can be said about such works beyond their size, their

» <«

*Under the “Shushu” category in the Hanshu bibliographic treatise, “each group is divided into two types,
one positive, the other negative: those procedures deemed useful to governance and the public welfare met
with approval, while those thought to serve personal interests, spread confusion, encourage commerce with
deities, and lead to disorder were condemned” (Kalinowski, “Technical Traditions,” 226). Likewise, the
preface to the Suishu monograph specifies that “Of what [we] took from the old bibliographies, those [works]
that are shallow and vulgar in form and meaning, with no educational interest, have all been excised” (FLE& %

FITHL, SR, s BORH, WM 2 Suishu, 27.908).
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Figure 1. Titles, volumes, attribution, and authorial fame by bibliographic category.
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number, and the place that they occupy. Before eliminating them from consideration,
however, it is worth considering how anonymity breaks down across categories. Figure 1B
combines two measures of anonymity: the percentage of titles attributed to an identifiable
historical author (hereafter “attribution rate”), and the percentage of identifiable histor-
ical authors with either a collected works or extant biography (hereafter “fame rate”). By
this metric, the sciences once again appear as marginal as their order in the taxonomy
suggests. At thirtieth place, “Mathematics” has a 51 percent attribution rate, and that
drops to 18 percent on the bottom end with “Five Agents.” In terms of authorial fame as
judged by biographies and collected works, the picture is only slightly less bleak in relative
terms, but with the one exception of “Agronomy,” a disproportionate number of named
authors are in fact no-names beyond their field.

Let us put this in perspective by considering several extremes. At one extreme is
“[L] Collected Works,” with 1671/1800 (93 percent) works attributed to identifiable
historical authors; at the other is “[H] Court Diaries,” with a mere 20/88 (23 percent)
attribution rate.”® As “[L] Collected Works” is author-based, one would expect it to have
one of the highest attribution rates of any category, which it does. One would likewise expect
the opposite from “[H] Court Diaries,” which are routine daily court records produced for
every emperor by a secretarial corps of diarists.”” As concerns the number of famous
authors with collected works and biographies, let us next consider “[P] Encyclopedias”
(17/23 = 74 percent attribution rate; 80 percent fame rate) and “[P] Diplomacy” (17/18 =
94 percent attribution rate; 13 percent fame rate). The similarly high attribution rates are
unsurprising: as a school of Warring States philosophy, “[P] Diplomacy” features a large
number of works named after their authors, to which later thinkers added commentaries,
while encyclopedias were usually colossal endeavors commissioned by the throne from
preeminent scholars. Of course, it is difficult to say whether the classics of “[P] Diplomacy”
such as Master Que (Quezi BR-T-) or Master Guoshi (Guoshizi [ 5% T-) are pseudepigrapha,
given that nothing survives about them or their eponymous authors, which leads us to the
question of “fame.”? What explains the massive disparity in fame rate between these two
categories is probably their respective age: “[P] Diplomacy” is one of the oldest genres,
“[P] Encyclopedias” is one of the newest, and there are simply more biographies and
collected works from later times.

*%[H] Court Diaries” have the third lowest rate of attribution, after “[P] Five Agents® and
“[P] Immortality.” As my goal here is to offer a point of reference with which to compare “the sciences,”
“[P] Five Agents” is obviously inappropriate, and while “[P] Immortality” is the true extreme, it is a small
category unique to the Han catalog and, thus, not particularly representative.

*’Rather than “literature,” the “Collections” division is best understood in historical context in terms of
exemplary texts, only one aspect of which is aesthetic (Blitstein, “The Art of Producing a Catalogue”). While I
agree with this functionalist definition, I have nonetheless opted here for “belles lettres” to distinguish, in
terms of genres and contents, what is a meta-category largely filled with poetry (ci 5, fu [if, ge #X, etc.) from
the sort of writing one finds under “Classics,” “History,” and “Philosophy.” On court diaries (giju zhu #Ef&
7E), see Denis Twitchett, The Writing of Official History under the T'ang (Cambridge: Cambridge University
Press, 2002), 35-42.

*0n encyclopedias (leishu HZE), see Michael Loewe, The Origins and Development of Chinese Encyclo-
paedias China Society Occasional Papers 25 (London: China Society, 1987); Florence Bretelle-Establet and
Karine Chemla, “Qu’était-ce qu’écrire une encyclopédie en Chine ?,” Extréme-Orient, Extréme-Occident 1.1
(2007), 7-18. There is little scholarship on “[P] Diplomacy” (i.e. “the school of horizontal and vertical
[alliances]” zongheng jia 4itf&57) as such, but for a translation and study of the key extant work therein, see
Hui Wu and C. Jan Swearingen, Guiguzi, China’s First Treatise on Rhetoric: A Critical Translation and
Commentary (Carbondale: Southern Illinois University Press, 2016).
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Where do the sciences fall between these extremes? With attribution rates at 84/350
(24 percent) and 104/570 (18 percent) of titles, “[P] Heavenly Patterns” and “[P] Five
Agents” are comparable to court transcripts. “[P] Mathematics” and “[P] Medicine” are
double that (193/380 [51 percent] and 222/547 [41 percent]), but their attribution rates
are nonetheless half that of “[P] Encyclopedias,” and the fame rate of their authors
(18 percent and 13 percent) is on par with that of a minor pre-imperial philosophy like
“[P] Diplomacy.” In sum, there is thus a strong divide between sciences in terms of
anonymity, but it was not because the authors in “[P] Mathematics” and “[P] Medicine”
were particularly famous.

Before jumping to conclusions, I must emphasize as a historian of “[P] Heavenly
Patterns” and “[P] Mathematics” that these two bibliographic categories can be easily
broken down into distinct genres on the basis of titles and parallels with extant works.
One of the advantages of Chinese for assessing the contents of lost works from their
titles is that titles often unimaginatively indicate the specific type of thing that the
work is. In the case of “[P] Heavenly Patterns,” the vast majority of titles either
constitute or end with the words tianlun K (“cosmology,” “instrument-cosmos,”
lit. “discourse on heaven”), xingjing 4% (“star catalog,” lit. “star classic”), xingtu &2
(“star chart”), Boluomen tianwen JF7 29K 3 (“Brahman heavenly patterns”), or
Taishi zhuji 527350 (observational data, lit. “Astronomical Office notes”). Taishi
zhuji also appears in “[P] Mathematics,” and most of the rest of this category
comprises li (astronomical procedure text), giyaoli THEE (ephemerides, lit. “li of
the seven luminaries”), lii { (tono-metrology, lit. “standards”), louke JRZI (“water
clocks”), suan (“computation”), and Boluomen suan J7&EFTE (“Brahman
computation”). Be they extant in whole or in quotation, works sharing the same
keywords in their titles generally share similar contents, and it is thus natural to
assume that the same applies to lost works with similar titles filed before and after
them in bibliographies.

Asillustrated in Figure 2, when we break down the titles under “[P] Heavenly Patterns”
and “[P] Mathematics” into self-identified genre, their attribution and fame rates diverge,
rivaling all of the aforementioned extremes. This distribution is also easy to explain.

On the anonymous end, the seven “Brahman” titles appear to collectively designate
either a foreign school (the Brahmapaksa) or, simply, foreign origin, Chinese experts being

Bl Attribution rate
Authors w/ bios or collected works

uoneindwod [W]
S320[2123eM [IN]
Awouonsy ‘dwod [IN]
SOws0-juawWnAsul [dH]
sanbojejed Jeis [dH]
sapuswayd3 [W]
Aouewoueln [dH]
ABojosypw-ouol [I]
*dwod uewyelg [IN] 4
e1ep [euonensasqo [W+dH]
speyd 1e3s [dH] 4
dH uewyelg [dH]

Figure 2. Percentage of attributed works and famous authors within genres of “[P] Heavenly Patterns” and
“[P] Mathematics”.
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somewhat less sure and/or concerned about attributions to exact foreign authors.”’ Much
like “[H] Court Diaries,” observational data and ephemerides are government documents
compiled by an office, and thus their low attribution rates are to be expected.>> Most extant
star charts are anonymous,* and the three anonymous titles in our bibliographies fit with
that trend. Star catalogs and uranomancy are intertwined, and divination, as a general rule,
lays the heaviest epistemological weight on ancient (usually pseudepigraphal) and revealed
authority. Many of the authored works in these genres are compendia, the purpose of which
is to gather, systematize, and critically assess the antiquarian/divine credentials of effectively
anonymous sources.** Lastly, while the histories’ “Liili zhi” & & (Treatises on Tono-
Metrology and Computational Astronomy) document intellectuals’ continuing projects in
lii, those projects tended to culminate not in monographs but in physical and legal
benchmarks. This and the rapid dissolution of its ties with li probably explain why the
bibliographical treatises only feature 3 anonymous titles on the subject.>

At the other end of the spectrum, the attribution rates for the procedure texts of suan
computation (36/45 = 80 percent) and /i computational astronomy (86/123 = 70 percent)
are higher, as genres, than almost any bibliographic category we might likewise call a
genre. As I have argued elsewhere, li was a field defined by innovation, credit, compe-
tition, and a keen interest in its own history, which comports with the high number of
works credited to historical authors.?® By contrast (and focusing on the Han), Christopher
Cullen notes that “[w]e know relatively few people whose main claim to fame was their
skill in suan, and we do not know the name of anyone responsible for a major innovation
in the field,” concluding that “suan in the period we are discussing was an essential skill
but does not appear to have been a major focus of intellectual attention in itself.”*” This
does not mean that suan was any less interested in authorial credit, apparently, and nor
that authors were significantly less famous than in i (8 percent versus 11 percent). It is
worth noting, however, that out of the three famous authors whose works in suan feature

*'Morgan, “Regional Networks,” 38—44. One notes, for what it is worth, that two of these seven titles are
attributed to Brahman immortals.

**While giyaoli clearly refers to ephemerides in later sources, there are a number of scholars who
understand this term to relate in this period to some combination of the Western seven-day week and/or
Indian origin astronomy; see Ye Delu {15, “Qiyaoli ru Zhongguo kao” g F iy A EI™%, Furen xuezhi
HH{ B 11 (1942), 137-57; Jiang Xiaoyuan ;T IR, Tianxue zhen yuan KEEZE[R (Shenyang Liaoning
jiaoyu chubanshe, 1991), 323-56. This is possible, but numerous official, dated titles like “The Chen
[Dynasty]’s Heavenly Peace Year Two Seven Luminaries Li, 1 roll” iKEE —FHMEE—4 in Suishu,
34.1023-24, strongly suggest imperial ephemerides.

**On extant star charts, see Chen Meidong [HZ5E5E, ed., Zhongguo gu xingtu BT E[E (Shenyang:
Liaoning jiaoyu chubanshe, 1996); F. Richard Stephenson, “Chinese and Korean Star Maps and Catalogs,” in
The History of Cartography, vol. 2, bk 2, edited by J. B. Harley and D. Woodward (Chicago: University of
Chicago Press, 1994), 511-78; F. Richard Stephenson, “Oriental Star Maps,” in Mapping the Sky: Past
Heritage and Future Directions : Proceedings of the 133rd Symposium of the International Astronomical
Union, Held in Paris, France, June 1-5, 1987, edited by Suzanne Débarbat (Dordrecht: Kluwer Academic,
1988), 11-22.

**Chen Kanli, Ruxue, shushu yu zhengzhi: zaiyi de zhengzhi wenhuashi, 154-62; Morgan, Astral Sciences,
87-90.

35“Numbers and Methods of Tono-Metrology and Computational Astronomy, in 3 rolls” fRfE¥IE =%
(Hanshu, 30.1766), “Computational Methods for the Yellow Bell, in 38 rolls” &§fE A=+ /%, and
“Methods for Computing Pitch Standards, in 1 roll” BLEE F7E—% (Suishu, 34.1026). On the history of i
and its relation with i, see Morgan and Goodman, “Numbers with Histories.”

**Morgan, Astral Sciences, chap. 4.

37Cullen, “People and Numbers,” 608-9.
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in these catalogs—Liu Xiang, Zu Chongzhi tH# 7 (429-500), and Zhang Zuan 5E4&
(499-549)—the first two were also key figures in the astral sciences.*®

Tied with suan at an attribution rate of 12/15 (80 percent), the water clock genre
presents something of an edge case. None of this literature survives, but two points of
context seem pertinent. One is that the genre is principally comprised of self-styled “water
clock classics” (louke jing JRZI%K), suggesting a more theoretical, intellectual, and, thus,
individualist type of written output compared, for example, to ephemerides and govern-
ment logs. The other is that the water clock is a relatively small, cheap, and simple
instrument, compared to the armillary sphere, and it is situated at the intersection of
astronomy, technology, and an object of potential aesthetic appreciation and connois-
seurship. One of the authors of a Water Clock Classic in 1 roll was Zu Geng tHH (fl. 504—
525) of the Liang (502—557).>° When he was captured as a prisoner of war by the collector
Prince Yuan Yanming T ZEHH (484-530) of the Northern Wei (386-535), the prince held
him at his home and “made Geng author inscriptions for his curious vessels and water
clocks” (EMATERRZSIRZI$%), asking him for the equivalent of his signature.’

Lastly, at a strong 11/19 (60 percent) attribution rate and unparalleled 56 percent fame
rate, the genre of tianlun (instruments and/as cosmology) provides a stark contrast with
the rest of the “[P] Heavenly Patterns” category. Much of this smaller genre survives, at
least in quotation, and the texts differ dramatically from others in “[P] Heavenly
Patterns.” Tianlun focuses on argumentation rather than cataloging and description,
and much of the argumentation is based on observation, data, reasoning, and geometry,
bearing a strong overlap with suan. Quite unlike the rest of “[P] Heavenly Patterns,”
Tianlun often forsakes ancient and written authority; it prioritizes the above over
metaphysical argument; and it is starkly devoid of mantic contents. Furthermore, the
genre only arose in the Han; and like /i, it became its own historiographical subject almost
as soon as it appeared.*!

In sum, the apparent gulf between “[P] Heavenly Patterns” and “[P] Mathematics” in
Figure 1B is misleading: the real divide in terms of attribution and anonymity is among
the concrete, self-labeled genres partitioned between them, and shared features of these
genres correlate much more closely with the rate of authorial attribution versus anonym-
ity. Namely, the more one of these genres focuses on some combination of mathematics,
argumentation, and innovation, the higher the number of named authors; and the more
they focus on the qualitative—catalogs of phenomena, diagnoses, and prognoses—the

*%See Chen Meidong [ 255, Zhongguo kexue jishu shi: tianwenxue juan PEIRMEHFL TSR K4
(Beijing: Kexue chubanshe, 2003), pp. 154-57, 266-74.

**Suishu, 34.1025.

“ONanshi §§5 (Zhonghua shuju edn), 60.1475; cf. Morgan, “Regional Networks,” 24.

1 After the subject emerged around the first century BCE, Cai Yong Z£&5 (133-192), the author of the Xu
Hanshu %8 7%£2 “Tianwen zhi” K37, memorializes the court from exile in 178 to the effect that he wished
to return to inspect the Observatory’s armillary sphere of 103, because “the previous historical treatises (zhi)
omit and do not discuss it, so I had originally desired to lie beneath the instrument to contemplate its
subtleties and master its numbers according to measures (du) in order to write it up into a piece” (F7E7RER
A3 AR R T, EMERRE, T2/ esL, IR EE; Songshu 2R [Zhonghua shuju edn], 23.673). On
tianlun cosmology (or “cosmography”), see Christopher Cullen, “Cosmographical Discussions in China
from Early Times up to the Tang Dynasty” (Ph.D. diss., University of London, 1977); Marc Kalinowski, “Le
calcul du rayon céleste dans la cosmographie chinoise,” Revue d’histoire des sciences 43.1 (1990), 3—34;
Christopher Cullen, Astronomy and Mathematics in Ancient China: The Zhou Bi Suan Jing (Cambridge:
Cambridge University Press, 1996); Chen Meidong, Zhongguo gudai tianwenxue sixiang. On the “Tianwen
zhi” genre and the historiography of tianlun cosmology therein, see Morgan, “Heavenly Patterns.”
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more they resemble “[P] Five Agents” and “[P] Medicine” in terms of anonymity and
pseudepigraphy. This is a product, in my opinion, of a difference in epistemic weight
given to modern experience and ancient authority in these genres, but that is a subject for
a different article. Broken down by genre, lastly, we have a higher percentage of names
attached to the “mathy” writings than almost any other category in Figure 1(B), but these
names, as a whole, were still some of the least famous in broader politics and culture. The
same level of analysis should clearly be applied to the other forty-five bibliographic
categories, but I lack the courage to do so beyond my own area of expertise.

Lastly, I have twice adduced the age of a field as a potential factor in attribution and
fame, so it seems prudent at this point to introduce the axis of time. We know that the
genre of tono-metrology dried up in the first century, while that of the encyclopedia only
really emerges under the Tang, so we might ask how literary production compares
century-by-century across bibliographic categories as a measure of foci and trends in
intellectual activity. To do this, I first eliminated undatable works from my sample,
leaving 6999 works and 1544 authors. Where no exact date of authorship is in my
database, I calculated a mean date from known upper and lower limits, e.g. the mean
between an author’s known dates of birth and death or the beginning and end of the
dynasty of which he was a subject. I then ordered the works in each category by mean date,
calculated the cumulative sum at each date, took the cumulative sum at each decade, and
calculated the percentage that this represented of the total number of dateable works
within said category. The curves for all forty-seven categories are plotted in Figure 3, with
those for the sciences and “[L] Collected Works” labeled and highlighted. The dates could
use further refinement, but I am only concerned with the gross differences between
bibliographic categories.

The reason for highlighting “[L] Collected Works” with the sciences is to serve as a
baseline. As it happens, “[L] Collected Works” is also near the mean of the other

100%
—— [P] Agronomy
[P] Five Agents
—— [P] Heav. Patt.
o [L] Ind. Coll.
80% 1 — (P Medicine
—— [P] Mathematics
60% 1
40% ,_/
20% A
0% ? T T [ T T T r T T
-200 -100 0 100 200 300 400 500 600 700

Figure 3. Cumulative progress graph of the percentage of datable cataloged titles produced in each category over
time. Half of all cataloged works in “[P] Agronomy” were written prior to the Common Era, while about two thirds of
those in “[P] Mathematics” were written after 500.
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production curves, and this is probably not a coincidence since it essentially stands for
“people who write well,” who are present and appreciated in every period. One notes that
“[P] Agronomy,” “[P] Five Agents,” and “[P] Heavenly Patterns” are significantly ahead
of the baseline, and the first two are ahead of most other categories. Of the dateable
works cataloged under these first two rubrics in the Han, Sui, and Old Tang biblio-
graphic treatises, half or more were written by the end of the Han. They remained active,
with more titles adding up into the sixth and seventh centuries, but their heydays were
over (at least for dated and/or attributed works). “[P] Heavenly Patterns” and
“[P] Medicine” run closer to the baseline for most of this period, but they had different
starts: the first dateable works of “[P] Medicine” in these catalogs come from the
late Western Han, while a good portion of dateable titles in “[P] Heavenly Patterns”
predate that. At the other extreme from “[P] Agronomy” and “[P] Five Agents” is
“[P] Mathematics,” which got a late start and which saw a fairly continuous level of
activity before rapidly spiking in the sixth century. In 350 CE, 78 percent of all dateable
titles cataloged under “[P] Five Agents” had already been written, while 82 percent of
“[P] Mathematics” had yet to come.

How do the sciences compare to other categories of elite written knowledge in China as
reflected in early imperial bibliography? To recapitulate, they are on the higher end, if not
the extreme end, of productivity in terms of both titles and volumes. As a whole, they are
significantly more anonymous, and their known authors are less famous. Broken down by
self-identified genre, those with a focus on mathematics, argumentation, and innovation
see some of the lowest rates of anonymity, but few authors were sufficiently famous to
merit a biography or collected works. Lastly, certain genres and categories passed their
heydays by the end of the Han, while “[P] Medicine” and especially “[P] Mathematics”
saw a disproportionately high level of activity compared with all other categories of
knowledge in the centuries that followed.

Polymathy and Sister Sciences

Having measured how different bodies of knowledge compare, let us now turn to the
question of how they intersect. One way to answer this question would be to look at
citation networks between extant texts.*> There are several disadvantages to this,** and so
what I propose is to use the vector of individual polymathy: I shall focus on authors who
wrote under multiple categories within the combined Han-Sui-Tang bibliographic cata-
log and identify patterns in the aggregate as to which categories go together in the typical
author’s curriculum vitae.

My focus henceforth will be on “[P] Mathematics” (again, the bibliographic category
“Li suan” comprising li, suan, tono-metrology, and water clocks) and “mathematicians,”
among whom I count both authors of works self-labeled and cataloged as such and
anyone attested as having liked, studied, mastered, taught, or contributed to the afore-
mentioned fields in a role beyond that of commissioner, bystander, or hierarchical

“2See for example Hilde De Weerdt, Information, Territory, and Networks: The Crisis and Maintenance of
Empire in Song China, Harvard East Asian Monographs 388 (Cambridge, MA; London: Harvard University
Asia Center, 2015), 281-394, especially the author-defined “topic maps” at 376-92.

43To name a few: it is biased in favor of extant texts; it would either be a massive operation, whose results
would be difficult to hand check, or limited in scope and, thus, further biased towards the researcher’s own
interests; and it requires work that the author has not already done.
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superior. The application of this label is based on my survey of early imperial sources for
such evidence of knowledge acquisition as found in the example of Zhang Heng’s
biography, above.** No more than that should be read onto this label: it does not imply
a class, profession, specialization, or diploma. Indeed, many of those at the center of the
history of science in early imperial China are polymaths whom sinologists in other fields
know by different labels: Liu Xin, Ban Gu, Zheng Xuan [ 27 (127-200), Wang Can %2
(177-217), Du Yu #:7H (222-285), Cui Hao /% (d. 450), Kong Yingda 1585 (574
648), and the list goes on. The singular focus on “[P] Mathematics” and its practitioners is
decided in part by time, word limit, and my own research interests, but I reiterate that the
entirety of the statistics and diagrams here can be easily re-focused on any other category
with the data set and Python scripts provided on HAL.

In addition, as I would now like to move from strict bibliographic categories to more
recognizable fields of knowledge, I must make several changes to my hybrid Han-Sui-Tang
taxonomy. Namely, I will eliminate the miscellaneous category “[L] Collected Works” from
further consideration, and I will use the label “History” to subsume “[H] State,”
“[H] Chronicles,” “[H] Ancient,” “[H] Hegemons,” “[H] False States,” “[H] Miscellaneous,”
“[H] Old Matters,” and “[H] Misc. Traditions” (see asterisks in Table 1).

To highlight a particularly stark contrast, I will temporarily filter from the combined
Han-Sui-Old Tang bibliography anything predating the Northern Wei and Liu Song (420—
479) and count “authorial acts” (i.e., the number of individual contributions by individual
authors). If we take a table of mathematicians, and join it with the table of post-fifth-century
authorial acts we find, unsurprisingly (by definition), that “[P] Mathematics” is filled with
mathematicians. Outside of “[P] Mathematics,” as illustrated in Figure 4(A), we see that
mathematicians were also spread across most other fields, with 15 authorial acts in
“[C] Music,” 14 in “[P] Five Agents,” 11 in “History,” and so on.

But were these mathematicians just dabbling? No, their contributions were substantial.
In terms of the proportion that they represent, we see in Figure 4(B) that mathematicians
are responsible for 15/16 (94 percent) authorial acts under “[C] Music,” a respective 14/20
(70 percent) and 7/11 (64 percent) under “[P] Five Agents” and “[P] Heavenly Patterns,”
6/16 (38 percent) under “[P] Military,” and 7/31 (23 percent) under “[C] Odes.” In other
words, “[C] Music” and “[P] Five Agents” were not only the most popular common
interests among mathematicians, in terms of memorable written output, they would also
appear to have been dominated by such men. By contrast, almost as many mathemat-
icians wrote in “History” and “[C] Rites,” but because so many other writers contributed
to these vast fields, their cataloged contributions there were vastly outnumbered there by
those of non-mathematicians (by about 17:1 and 11:1, respectively).*>

Asagroup, one might say, mathematical authors thus had a near monopoly over some
fields, a foothold in others, and many fingers in many pies, but is it “mathematicians” who
had a foothold in “[C] Rites,” or rather “ritualists” who had a foothold in
“[P] Mathematics”? These distinctions only matter if we are focused on knowledge and
thinking in terms of specialization; instead, I invite the reader to shift her attention to
individuals and think in terms of vectors. To illustrate what that looks like, I have mapped
the aggregate of authorial engagement with different fields in my sample with a program
for network visualization. This requires a list of “nodes,” for which we will use people

““In short, I have begun an expansion on the dataset informing Morgan, “Regional Networks,” to map the
relationships between people, places, knowledge, and works in the exact sciences in early imperial China.

“5By “non-mathematician” I mean someone for whom there is no extant historical evidence of fondness,
skill acquisition, authorship, etc., in said field.
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A. No. of mathematicians' cataloged auth. acts in other genres (5c+)
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B. Percent of cataloged auth. acts in other genres by mathematicians (5c+)
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Figure 4. Implication of mathematicians in other genres.
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Figure 5. Network graph of authors (blue) and fields (yellow).

(blue) and fields (orange). It requires a list of “edges” (i.e. a—b connections between
nodes), for which we can simply extract a table of author—field relations from our
bibliographies. Lastly, it requires the choice of an algorithm and several parameters by
which to spatialize the ensemble of nodes and their connecting lines. For this, I have
chosen to use the Yifan Hu algorithm, adjusting the optimal distance and relative force
parameters appropriate to the readability of the following diagrams.
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Figure 5 illustrates the network of individual ties between fields and authors in our
bibliographies, the upper diagram providing the whole picture, and the lower diagram
filtered to eliminate works dateable to before the fifth century. Simply put, the Yifan Hu
algorithm works by exerting an outward-directed force on nodes, which is counterbal-
anced by the connecting force of the “edges” between them. The result is that discon-
nected nodes and clusters go flying off into space, while interconnected ones are held
together and reorient themselves as a function of the binding force of each individual
connection. In Figure 5, the blue fans coming off each orange node are single-field
authors, while those on the lines criss-crossing fields are polymaths. The size of each
node is determined by “degree” (the number of nodes to which it is connected),
“History” and “[L] Poetry” being the largest, because they have the most authors.
Likewise, the width of the “edges” is determined by the number of works an individual
author has written in a single field.

What do we observe? First, Figure 5 is a tangled mess. It is a mess because, in the
aggregate, polymathic authors connect every single field with every other. There is
perhaps no more immediate or visceral demonstration than Figure 5 that, while there
may have been “specialists” (single-category authors), no one body of written know-
ledge in this period was a “specialty” forming its own separate authorial community.
Second, we can see that certain disciplines formed more tightly interconnected
interdisciplinary webs than do others. In the bottom half of Figure 5, compare for
example the zone between “History,” “[L] Poetry,” and “[C] Philology” to that
between “[C] Philology,” “[H] Geography,” and “[P] Mathematics.” One is densely
packed with connections, and the other dispersed. Third, Figure 5 is but one snapshot,
but trust me when I say that, however many times I independently ran the same
algorithm, “[P] Heavenly Patterns,” “[P] Mathematics,” and “[P] Medicine” always
end up off to the side. This is reassuring, as it tells me that any bias in my data
collection, cleaning, and personal interests as a historian of science are not strong
enough to move them to the center of this representation of our historical subjects’
intellectual world.*®

It is my hope that the reader also sees this once prompted, though I am aware that, to
the uninitiated, an author interpreting such a diagram can sound like he is reading tea
leaves. It is therefore worth emphasizing that the underlying phenomena can be quan-
tified, and that my reading of what is a visual mess is based on tidy metrics. Is polymathy
prevalent and extensive? Yes, look at all the criss-crossy lines. Alternatively: Yes, 14 per-
cent (335/2431) of authors in this sample are cataloged under multiple fields; the
maximum number of fields per polymath is 19, the mean is 3.01, and our polymaths
comprise between 9 percent and 76 percent (mean 38 percent) of all authors in a given
field (“[P] Agronomy” is at 86 percent, “[P] Medicine” and “[P] Mathematics” are at
43 percent, and “[P]Heavenly Patterns” and “[P] Five Agents” are at 71 percent and

I note that the bias in my external authorship data (above) pulls “[P] Heavenly Patterns” and
“[P] Mathematics” in both directions, as it includes both polymaths and single-field authors. I am speaking
here in visual terms about the results of running the Yifan Hu, Fruchterman Reingold, and Force Atlas
2 algorithms multiple times, adjusting parameters such as gravity and scale. However, non-visual statistics
such as connectivity and centrality were equally considered in this broad assessment, as mentioned below.
Lastly, as one reviewer thought merited clarification, Gephi (and other programs) allow one to manually alter
network diagrams, so implicit in the claim that “my biases ... are not strong enough to move them to the
center” is the reassurance that I am not so personally biased as to manually alter my visualizations to support a
conclusion that the published dataset does not.
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31 percent, respectively). Do polymaths bind all contemporary fields of knowledge into a
single, fairly tight network? Yes, look at the big cobweb. Alternatively: Yes, with 38 fields
(from 47 bibliographic categories, see above), the total possible number of distinct
author—field connections is 38 x 2431 = 92,378, and with 2256 such attested connections,
that effectively makes the “density” of the larger network 2256 + 92,378 = 2.4 percent;
however, the “diameter” of the resulting network—the length, in edges, of the longest
path between two nodes—is 6, and the average path length is 3.8. Are the author’s favorite
tields at the center of everything? No, they have fewer and smaller dots and lines, and they
are off to one side. Alternatively: No, if we calculate the nodes’ eigenvector centrality or
“prestige score”—relative degrees of connectedness to the most connected nodes—one
finds that, compared to “History” (1.00), “[L] Poetry” (0.28), and “[C] Rites” (0.23), the
sciences range from 0.16 (“[P] Medicine”) down to 0.02 (“[P] Agronomy”).*” Is it worth
trotting out these numbers? It can be, but it certainly isn’t necessary for how I intend my
diagrams to be used, and they will change as more data is included.

Returning to the matter at hand, the polymathic network of authors and fields in our
three bibliographic treatises suggests that mathematics was not a centerpiece of the
Han-Tang intellectual world, but rather a moderately well-integrated subsidiary. This
comports with what we observe in extant literature over the early imperial period: much
of much of heavenly patterns and five agents, and the near entirety of /i computational
astronomy, is preserved in eponymous treatises in the dynastic histories; astronomical
and mathematical contents figure in encyclopedic commentaries to the Ritual Classics
(Zhouli FH18, Yili 5515, and Liji {55C) and the Chungiu %X annals;*® and the star lore,
imagery, and omenology of heavenly patterns figure in poetry.* It also comports with
recent scholarship on the place of mathematics in elite education and knowledge
transmission. According to G.E.R. Lloyd and Nathan Sivin, for example, experts’
“qualifications tended to be social ... it was initiation that separated insiders and
outsiders, and gentlemanly behavior [ and mastery of the Classics, history, and belles
lettres] that marked the superior insider.”*® According to Cullen, “suan in itself was an
element whose presence in official and intellectual life was continual but not major.””!
And as Zhu Yiwen and I have shown, a school of Classical ritual scholarship such as that
of Xu Zunming £ HH (475-529) and Xiong Ansheng 8774F (d. 578) might serve asa
critical medium for the development and transmission of mathematics in the sixth-
century north.>?

This brings us finally to the question at the center of this article: if “[P] Mathematics” is
a middling side path in the grand scheme of authors’ interdisciplinary engagements, then
what, if we zoom in, can we say about its immediate neighborhood? The answer is that it

“7For an introduction to the vocabulary, metrics, and method of social network analysis, see Stanley
Wasserman and Katherine Louise Milton Faust, Social Network Analysis: Methods and Applications
(Cambridge: Cambridge University Press, 1994).

*8See Note 11. On Chinese Classical commentary and its encyclopedic nature, see also John B. Henderson,
Scripture, Canon, and Commentary: A Comparison of Confucian and Western Exegesis (Princeton: Princeton
University Press, 1991).

*Edward H. Schafer, Pacing the Void: Tang Approaches to the Stars (Berkeley: University of California
Press, 1977).

**G.E.R. Lloyd and Nathan Sivin, The Way and the Word: Science and Medicine in Early China and Greece
(New Haven: Yale University Press, 2002), 205.

SICullen, “People and Numbers,” 608.

*2Zhu Yiwen, “Fentu yu heliu: cong suanxue yu jingxue de guanxi kan Nanbeichao shuxueshi”; Morgan,
“Regional Networks.”
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depends on how you zoom. In Figure 6, I have arbitrarily set the bar at fields within which
20 percent or more of authors are known mathematicians, and to go with Figures 4 and 5,
I give both the big picture and a filtered view excluding works dateable to before the fifth
century.

Figure 6 gives us a more complex picture than does the bar chart in Figure 4 (above),
because a network is impartially focused on all the elements therein. It shows us, for
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Figure 6. Network graph of the fields most closely connected to “[P] Mathematics”.
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example, that “History” and “[L] Poetry” share far more authors than does either with
“[P] Mathematics.” More importantly, Figure 6 is but a low-resolution screenshot of what
is, in Gephi, an interactive map in which one can filter, zoom, highlight clusters, identify
authors, rearrange or redistribute nodes, and run a battery of statistical analyses. There are
many things that one can do with this, so I will simply highlight four uses cases that come
to mind in my own work.

First, the network of authors and fields illustrated in Figure 6 provides a relatively
unbiased and epistemologically rigorous outside confirmation of several phenom-
ena. As we have always known, there is a lot of authorial crossover between
“Heavenly Patterns” and “Mathematics” (Li-suan), particularly li computational
astronomy. And as has been brought (back) to our attention by Chen Kanli, Zhu
Yiwen, and Edward Schafer, there is also significant crossover with poetry and
commentary on the Ritual Classics and Chungiu annals. My data thus provide
confirmation of both common knowledge and recent scholarship, and they
further allow me to quantify these claims and, thus, quantitatively assess them in
relation to others.

Second, this analysis has revealed several connections that I did not expect. The one
that most stands out is the penetration of mathematicians into music beyond its
connection with pitch-pipes and tono-metrology. Therefore, third, used as a map, this
network points me to what I should be reading if I wish to understand the context of my
sources and the intellectual lives of the people that figure in their history: music and
poetry.

Conclusion

To summarize, the way that we speak about “science” and “scientists” in ancient
China has evolved over the last century: we have deconstructed “science,” abandoned
the term as an anachronism—an observer’s category—realized that so-called
“scientists” were mostly polymaths, and turned to the language that they use—actor’s
categories—to understand the self-defined activities in which they were actually
engaged. Insofar as we moderns still deem it legitimate to practice “the history of
science” avant la lettre, it is therefore challenging to generalize about expert commu-
nities in tianwen, li, suan, wuxing, etc., and to understand how such fields articulated
with one another in what is, to us, an alien taxonomy of human knowledge. Building
notably upon Sivin, Chen Kanli, and Zhu Yiwen’s contributions in this regard, I add to
this conversation an analysis of the bibliographical treatises of the Hanshu, Suishu,
and Jiu Tangshu: historical catalogs that file thousands of extant and lost works under
emic categories within comprehensive taxonomies, and that include, in many cases,
information about authors and dates. Using bibliometrics, I am able to make a wholly
novel attempt to weight and place “the sciences” and their practitioners among other
tields of knowledge from Han to Tang and to map the connectivity between fields
using polymathy as a vector.

As to how “the sciences” measure up to one another and other categories of writing, I
arrived at the following findings. First, Heavenly patterns, mathematics, five agents, and
medicine were among the most productive categories of written knowledge. Second,
Heavenly patterns, five agents, and medicine also saw some of the highest rates of
anonymous and pseudepigraphal titles. Third, broken down into self-identified genres
(e.g. “computation,” “water clock classics,” and “omen reading”), the more “mathy”
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and/or theoretical the genre within “[P] Heavenly Patterns” and “[P] Mathematics,” the
more works therein are explicitly attributed to a historical author. Fourth, authors in the
sciences were, however, less famous than their counterparts in other fields, judging from
the number commemorated by a biography or collected works. Fifth, mathematics and
medicine were some of the newest and most active bodies of written knowledge over the
Period of Division (220-589).

As to the connectivity between fields, the network diagram in Figure 5 provides a
visual demonstration of the preponderance of polymathy across all fields in this period
and that, in the tangled mess, there are clusters of knowledge that are more closely
connected than others. Zooming in on “Li suan” (the Mathematics of Heaven and
Earth), we then examined the fields with which it was clustered, confirming
common sense and recent discoveries (the close relation between “astronomy,”
“astrology,” and ritual) and suggesting a novel avenue for exploration (the predom-
inance of “mathematicians” in music).

The point of this article is not to forward any one of these particular findings,
however, but to show the method by which I arrived at them. Some will object: it was
necessary to harmonize the catalogs’ taxonomies, double count in the rare cases where
they disagree, and to add and clean data, all of which introduces bias; bibliography
presents an elite taxonomy that may not figure in “popular,” regional contexts such as
we see in excavated manuscripts;>® worst of all, I chose to use modern observer’s
categories like “mathematics” as stand-ins for actor’s categories (i.e., li suan) for the
sake of concision and comprehensibility in communicating my results. However, it is
important to emphasize what I was able to eliminate from the analysis upon which I am
reporting.

First, nowhere prior to the publication of my results in English did observer’s
categories figure in my data collection or analysis. Indeed, emic terms were by
necessity substituted for numerical identifiers, so I was mostly working in terms of
“bib_cat_id 37” versus “bib_cat_id 62.” While we may now problematize or even
banish modern observer’s categories in the history of science in the ancient world, it is,
in my opinion, questionable as to whether we are truly liberated or have simply
changed our structuring relationship with them to one of opposition. As a “historian
of science,” for example, medicine and mathematics go together in our conferences,
journals, and, often, thoughts, and these two are treated as either inimical to (if you are
a positivist) or indistinguishable from (if you are a relativist) such things as ritual and
fortunetelling. What I have presented here is a way around—rather than for or against
—these entanglements. It is one based on primary sources, data, statistics, and code
that ups the epistemological ante and shows me, at least, things I already knew, things
I didn’t, and the big picture beyond my own specialty.

In the same vein, if these catalogs are centered upon any one of the some forty
recognized fields therein, it is by no means those that I personally prefer or master; and
while I chose in the final section to zoom in to “[P] Mathematics” and its immediate
vicinity, one could easily zoom in on something else. I have done so in private
communications with colleagues concerning “[C] Philology” and “[H] Geography,”

*3See for example Donald J. Harper, “The Textual Form of Knowledge: Occult Miscellanies in Ancient and
Medieval Chinese Manuscripts, Fourth Century B.C. to Tenth Century A.D.,” in Looking at It from Asia: The
Processes That Shaped the Sources of History of Science, edited by Florence Bretelle-Establet (Dordrecht:
Springer, 2010), 37-80; Donald J. Harper, “The Zhoujiatai Occult Manuscripts,” Bamboo and Silk 1.1 (2018),
53-70.
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and the result was a similar mixture of the statistical confirmation of their intuitions
and novel connections that they were able to immediately rationalize. It is my hope
that by sharing my data and interactive visualizations I might help another colleague
see the place of their own specialization differently and discover fruitful connections
with others.
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