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 Science and Medicine in

 Imperial China-The State of

 the Field

 NATHAN SIVIN

 SINOLOGY AND THE HISTORY OF SCIENCE have changed practically beyond rec-
 ognition in the past half-century. Both have become academic specialisms, with their
 own departments, journals, and professional societies. Both have moved off in new
 directions, drawing on the tools and insights of several disciplines. Although some
 sinologists still honor no ambition beyond explicating primary texts, on many of the
 field's frontiers philology is no more than a tool. Similarly, many technical historians
 now explore issues for which anthropology or systems analysis is as indispensable as
 traditional historiography.1

 Nathan Sivin is Professor of Chinese Culture and of the History of Science at the University
 of Pennsylvania.

 This is the latest in a series of "state-of-the-field" articles sponsored by the China and

 Inner Asia Council of the Association for Asian Studies with the aid of a grant from the
 American Council of Learned Societies. These summaries of issues, progress, and prospects
 are intended to bridge gaps between subfields in Chinese studies and to make available work

 on significant topics that is not widely known within the field as a whole. Articles previously
 published inJAS include essays on Chinese literature by James J. Y. Liu (November 1975),
 on Chinese rebellions and revolution by Frederic Wakeman, Jr. (February 1977), on Chinese
 archaeology by K. C. Chang (August 1977), on early Chinese history by Cho-yun Hsu (May

 1979), on studies of the economy of the People's Republic of China by Dwight H. Perkins

 (February 1983), and on Chinese painting studies in the West byJerome Silbergeld (November
 1987).

 'I frequently use the word "science" to include medicine. This loose usage makes discourse
 about both less tedious than it might be; but I do not consider medicine either an abstract
 science or a mere collection of techniques. I think of it, ancient and modern, as an art that
 applies scientific knowledge and techniques. For a definition of "science" generally applicable
 to premodern and non-Western activity and a list of the traditional Chinese sciences, see
 below. I use "tradition" and "traditional" on two levels of meaning: to refer to actual lineages
 of transmission and (with due reservations) as a near-synonym for "premodern." It will be
 clear that I do not intend it on the second level to ignore historic change.

 I am grateful to the American Philosophical Society, the Committee on Scholarly Com-
 munications with the People's Republic of China, and the Association for Asian Studies for
 supporting the research on which this essay is based, and to the Academy of Traditional
 Chinese Medicine, the Chinese Academy of Sciences, the East Asian History of Science Library,
 the Cambridge University Library, and the Master and Fellows of St. John's College for their
 hospitality. Cai Jingfeng, Mary Rankin, David Keightley, and Marta Hanson suggested a

 The Journal of Asian Studies Vol. 47, No. 1 (February 1988):41-90.
 C) 1988 by the Association for Asian Studies, Inc.
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 42 NATHAN SIVIN

 The study of science and medicine as they were practiced in China between 200
 B.C. and the twentieth century has already shown that the dynamics of scientific
 change are manifested in more ways than the European experience alone can reveal.
 We can also see that a picture of old Chinese society based solely on literary, phil-
 osophical, and religious classics is inadequate.

 The work of integrating Chinese Nature-knowledge into these larger frames of
 cognition-the study of Chinese culture and the history of world science-is already
 under way. I will outline what recent research has yielded and assess the state and
 prospects of the field. With this end in mind I will first look at recent trends in the
 history of science, assuming that the reader will be aware of those in sinology; then
 at the general shape of the field; and finally at studies of astronomy and medicine,
 two fields at quite different levels of maturity. I will close with a few general sug-
 gestions for more productive research, to supplement observations interspersed
 through the article.

 Since my own view is no more objective than that of any other student of China,
 let me spell out the limits of this assessment. I was educated in the history of European
 science and in philosophy, sinology, and chemistry. I am an unabashed dilettante,
 pursuing, through all the traditional sciences, crafts, and medicine, in every major
 period from the Han to the present, clues to several questions that fascinate me: how
 do people in different times and places-different cultures-imagine Nature and
 mankind's relations with it? What realities and values are reflected in this ideal con-
 struction? How is it transformed into concrete technical practice? How does experience
 of the external world come to be split into specialized domains of knowledge? How
 do the latter, and the larger vision they inform, change? Reflections on such questions
 are bound to be comparative. The remarkable character of the Chinese scientific
 record-technically elaborate, full and unbroken for more than two thousand years,
 usually precisely dated-makes it an obvious choice to explore.

 Scientific Traditions in China

 If the conception of science is broad enough to encompass the evolution in Europe
 from early thought about Nature to that of the present day, it is bound to apply to
 the diverse Chinese experience. To insist in the history of mathematics on the axi-
 omatic formulation and rigorous demonstration of Euclid excludes the Nine Chapters
 on the Mathematical Art (Jiu zhang suan shu)2 as an object of study, but it also excludes
 the nongeometric works of Diophantus and his posterity. Europocentric historians
 of mathematics have never denied that these fall within the scope of investigation.
 Analogously, to make quantification a necessary condition is to rule out most of today's
 taxonomic botany and zoology, not to mention vast areas of the social sciences.

 number of improvements.
 My first thoughts on this topic were gathered in a plenary lecture at the Third Inter-

 national Conference on the History of Chinese Science, Beijing, August 1984 (Sivin 1985).
 The section on early astronomy is derived from an evaluation of that field commissioned for
 the Second Oxford International Conference on Archeoastronomy, Merida, Mexico, December
 1985. The full evaluation will be published in the Proceedings. An earlier, more extended
 version of the section on medicine was discussed at the annual meeting of the Association for
 Asian Studies, Chicago, March 1986. Lectures based on the completed essay were presented
 at the College de France in December 1986 and at research organizations in several Chinese
 cities early in 1987.

 2 For Chinese primary sources, see the References. I have examined all sources cited here.
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 SCIENCE AND MEDICINE IN IMPERIAL CHINA 43

 A historian's working definition of science might look for systematic, coherent

 discourse about natural phenomena that strives toward an ideal of abstraction and
 objectivity. These characteristics mark the sciences off from the endless concreteness
 of poetic metaphor, as well as from religious frames of meaning built on will, love,
 and mystical insight. At the same time such a definition does not assume an im-
 penetrable border, for the ancient sciences were not airtight. The ideal could never
 be realized (nor is objectivity more than an ideal in science today). Still it formed
 the discourse, giving it consequences that were not literary or religious. Such a def-
 inition may be irritatingly soft, but it sums up what is common to all research in
 the history of science.

 As for tradition, to use that word is to insist on ideas and skills that are passed
 down. We find indeed that in China technical literatures were cumulative, and authors

 were conscious of their predecessors. They did not acknowledge them merely to exhibit
 learning or copy them just to fill out habitual structures. Those who worked in the
 sciences accepted and carried on their forebears' sense of the enterprise, often mod-
 ifying it in the process. In certain periods innovation was recognized and prized in
 astronomy and medicine as in many other aspects of Chinese life, but the new became
 more acceptable to the extent that precedents showed it was not wholly new. Positive
 responses to Western astronomy and Christianity in the seventeenth century are a

 case in point (Gernet 1982; Sivin 1973).

 Scientific traditions in China, like other traditions of learning, were not schools

 like those of Athens at its height but rather lineages (jia). There are many common
 elements, but most of the Greek schools did not treat their texts as objects of ven-
 eration or demand of disciples a filial piety that ruled out criticism of teachers-as
 one can see from Aristotle's criticisms of his predecessors (for additional differences,
 see Nakayama 1984:3-60).

 Whether in astrology, carpentry, or pharmacy, what bound the Chinese gen-
 erations was the duty of transmitting intact a charismatic founding text. The teachings
 that began sciences were usually said to have been revealed by archaic sages, but later

 writings could attain scriptural status. Thus a scholar whose authority began a new

 succession was said to zi cheng yijia, "give rise to a lineage of his own. " For physicians
 the founding text was the Inner Canon of the Yellow Lord (Huangdi nei jing); for those
 who practiced pharmacy, the Divine Husbandman's Materia Medica (Shen nong bencao);

 for builders, the Canon of Lu Ban, master carpenter become god (Lu Ban jing); for
 mathematicians, the anonymous Nine Chapters on the Mathematical Art.

 In alchemy many of the surviving hundred or so texts were presented as reve-
 lations. This suggests multiple traditions. Differences of interpretation and emphasis,
 local variations in epidemiology, and competition for clients ultimately led to the
 branching of traditions within medicine. In South China the Treatise on Cold Damage
 Disorders (Shang han lun, ca. A.D. 200) began a continuing discourse on drug treatment
 for acute infectious disorders. In the late Song and early Yuan, the Inner Canon tra-
 dition divided into lineages based mainly on therapeutic strategies (Rall 1970; Li
 Congfu and Liu Bingfan 1983).

 We have good reason, then, to think of self-conscious sciences in China, each
 with its own history. Let mfe list them summarily, with their original Chinese names:

 Mathematics (suan, later shuxue)
 Mathematical harmonics (lu or lulu)

 Mathematical astronomy (1i or lifa)
 Astrology (tianwen)

 Medicine (yi)
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 44 NATHAN SIVIN

 Materia medica (bencao, usually part of medicine)
 Alchemy (wai dan, fu lian, etc.)3
 Siting or geomancy (dili, kanyu, popularly fengshui)
 Physical studies (wuli, wulei, xianglei, gewu, etc., a group of loosely related tradi-
 tions)4

 History of Science

 In its organization as a specialty since the 1950s, the history of science has passed
 through and has begun to surmount two fads that staked its claim to academic turf
 but limited it intellectually.

 The first of these fashions was a preoccupation with the development of technical
 ideas in the minds of great men. The scholars who rode the crest of this wave believed
 that the social statuses, working relationships, economic situations, and political
 commitments of the geniuses they studied were irrelevant to the progress of knowl-
 edge. This progress they saw as a preordained path verging ever closer toward accurate
 knowledge of the external world. The public and private lives of scientists might
 distract them from this quest but could not fundamentally affect what constitutes
 knowledge. What made past scientists geniuses was their ability, conscious or un-
 conscious, to hit on ideas or practices that have survived to become integral parts of
 modern science. The history of science often became a hunt for precursors of today's
 conventional wisdom.

 Three weaknesses in this approach were often noticed. The first is that sooner or
 later scholarly ingenuity yielded precursors of the precursors, in what threatened to
 be endless regression. The second is that one modern generation's positive knowledge
 for which historians sought "anticipations" often came to be considered trivial by the
 next or was even rejected. The third is that a fixation on precursors implies that there
 was no evolution, only people somehow fitfully in tune with the future rather than
 with their own time.

 Thomas Kuhn's Structure of Scientific Revolutions challenged the internalist ortho-
 doxy in 1962 but had less influence on specialists at the time than on social scientists.
 The uses of technology in the Vietnam War and its aftermath led many historians
 to the astonishing discovery that scientists, like the rest of us, are social animals.
 Historians began to explore across a broad front the proposition that as the larger
 society changes, social, economic, and political interests and values change; as they
 change, they affect decisions about what technical work ought to be done and how
 it ought to be done. Such scholars tried out, and some found useful, the notion that
 objective physical reality-a conception that, by the 1960's, philosophy had chal-
 lenged and anthropology had relativized-was a myth, a particularly strong social
 convention.

 'H. J. Sheppard (1981) at long last has provided a definition of "alchemy" based on all
 the major Eastern and Western varieties, which may finally end skirmishes over which variety
 is the real thing: "Alchemy is the art of liberating parts of the Cosmos from temporal existence
 and achieving perfection which, for metals is gold, and for man, longevity, then immortality
 and, finally, redemption" (p. 188). In China cinnabar played the same role for minerals as
 gold for metals.

 4For descriptions of the sciences, see Nakayama and Sivin 1973:xix-xxv. I have revised
 the list of sciences given here in view of recent studies.
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 This new externalist history of science meshed with a move toward social analysis
 in American history departments. It became as productive and respectable as its
 internalist predecessor. Its cruder practitioners tended to replace the old fantasy of
 the scientist as lone explorer of the intellectual frontier with a new, equally distorted
 image of "the scientific community" as visceral defender of the establishment status
 quo. The solid achievements of externalists have left no basis for the older view of
 science as great ideas intersecting spontaneously in the void. But from today's point
 of view internalism and externalism are equally inadequate Jordanova 1983:83-84).

 Over the last decade, the researchers and teachers least wedded to these two
 orthodoxies have argued to good effect that the subject matter of scientific and medical
 history is not divided into technical concepts and social interactions. The more recent,
 broader view of technical activity no longer incorporates several assumptions that
 were once central. Early science is seen not as an autonomous domain from the start
 but as an open domain of activity. It is natural to explore its overlap with religion,
 aesthetics, and other realms (I will return to this point). Historians no longer take
 for granted that technology was applied science before the late nineteenth century.
 Rather than assume that craftsmen were empirical scientists in the rough, scholars
 investigate distinct technological motives and modes of thought.5

 Those who think about possible models for early science are less likely than a
 decade ago to take their patterns from mathematical astronomy and physics alone.
 Nested levels of organization, taxonomic schemata, and other qualitative ways of
 organizing knowledge, obviously pertinent to early Chinese theory, are generally
 acknowledged to be useful and appropriate.

 Other new characteristics of the history of science result from growth and pro-
 fessionalization. The most influential authors before 1960 were usually educated in
 science or medicine and wrote with technically trained readers rather than humanists
 in mind. Historians of science seldom followed academic historians' discussions of
 issues and methods. But over the last generation the formative contributions (still
 many, but no longer most, by people trained in science) have come from those who
 understand the past in its own terms before evaluating its significance for the present.

 The move away from earlier fads in the United States has attracted young scholars
 deeply educated in the humanities who wish to explore in scientific sources the ev-
 olution of modern thought and society, the evolving subcultures of technical orga-
 nizations, and similar issues. Their eclectic orientation has coalesced with trends in
 Europe to form a transatlantic community of discourse (Thackray 1980). But in Asia
 the historiography of science has changed very little.

 Scholarship on Chinese Science and Medicine

 At the forefront, the object of study is no longer a march of progress or a hunt
 for precursors but an account of how Nature-knowledge is created, used, and altered;
 how it articulates with a culture's largest structures of cognition, value, and practice;
 and how it and those structures influence each other. It is historical in the sense that
 it seeks to explain change, not merely to describe past techniques, theories, or books.

 s Particularly influential in opening this field of investigation were E. T. Layton, Jr., and
 Cyril Stanley Smith; the items in the list of references typify their emphasis on concrete
 reasoning and on the large role of aesthetic motivation. On the other hand, J. A. Bennett
 (1986) has shown that ca. 1600 in England those who formalized mathematics and those who
 applied it formed a continuum up and down the social scale.
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 46 NATHAN SIVIN

 Development of Scholarship

 The history of Chinese science is not a new enterprise. The dynastic histories

 have often included biographies of technical specialists tphysicians and architect-

 builders as well as magicians and diviners; Ngo 1976; DeWoskin 1983), analyzed
 past uses of astronomical data (Ang 1979), and so on. Since the Tang, physicians

 have written about their predecessors, to embody ideals of learning and healing, and
 to establish as orthodox their own medical lineage.6 One can find stimulating dis-

 cussion of contentious historic topics in Xu Dachun's Topical Discussions of the History
 of Medicine (Yixue yuanliu lun, 1757). The annotated bibliography of Chinese medical
 texts compiled by Tanba no Mototane in 1819 is still in print and is used by every
 researcher.7

 The writings of Antoine Gaubil (1689- 1759) on the history of Chinese astronomy

 and those of Alexander Wylie (1815-87) on that of mathematics remained important

 sources for Joseph Needham's survey of the same topics in 1959 (1954-,3:1-168).
 A glance at the voluminous bibliographies in each of Needham's volumes shows what
 a great bulk of scattered historical writings, mostly by scientists, engineers, and
 physicians, had accumulated by 1950. By that time networks of specialists had
 emerged in China and Japan and had produced not only monographs but also histories
 of the various sciences.8

 Their writings had little effect in the West. The Occidental scholars of past

 generations who penetrated deepest into traditional culture picked up many attitudes
 of their Republican Chinese counterparts; for instance, the habit of thinking in dy-
 nasties, a curiosity largely confined to the Chinese elite, and the assumption that one
 can generalize about economy, invention, and other technical topics without first
 becoming familiar with technical literature. Many Orientalists set down firm opinions
 about why the Chinese were incapable of science, wretched at engineering, and hope-
 less as physicians, in most instances without reading beyond Confucian and Neo-
 Confucian classics, the Laozi, the Zhuangzi, and perhaps a Buddhist document or
 two.9 The authors of well-regarded, textbooks of Chinese history were until recently
 still assuring their readers that China never created "science as a persisting institution,

 a system of theory and practice socially transmitted, consciously developed and used"
 (Fairbank 1983:75).

 Joseph Needham, while working in China during World War II, learned of the
 Chinese technical heritage from scientist colleagues and began to explore the wide-
 spread literature. His towering reconnaissance of Chinese science, technology, and
 medicine first made educated people in Western Europe and the United States aware
 of Chinese achievements over the ages. Needham's writings are unified by a highly
 original combination of initial assumptions, the most important of which are:

 6 The oldest such book known, the Mingyi zhuan (Biographies of eminent physicians), by
 Gan Bozong of the Tang period, is lost and its purpose is unknown. The oldest extant collection
 of biographies and anecdotes is Yi shuo (1189).

 7 Yixue yuanliu lun and Iseki ko. The latter was compiled by carefully selecting and ac-
 curately copying information from earlier works.

 8 Bibliography C in each fascicle of Needham et al. 1954- is a practically exhaustive list
 of publications in Western languages. Bibliography B enumerates a selection of Chinese sources
 and a few from Japan, but is relatively complete for publications from the main Asian centers
 of research (see Table 1 below).

 9A number of such explanations between 1915 and 1957 are cited in Sivin 1982:54 n.
 7.
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 1. "Mankind is one great family, and the scientific view of the world has clearly
 transcended all differences of race, color, and religious culture."

 2. Science and technology are inseparable, and cross-cultural generalizations should
 include both.

 3. The springs of scientific change can only be understood by attention to extra-
 scientific factors, ranging from the economic to the religious.
 4. "Between the first century B.C. and the fifteenth century A.D. Chinese civilization
 was much more efficient than occidental in applying human natural knowledge to
 practical human needs," and this superiority reflected more highly developed science

 and technology.

 5. Why despite this superiority "modern science had not developed in Chinese civ-
 ilization (or Indian) but only in Europe" is thus a central historiographic issue (the

 "Scientific Revolution Problem").
 6. Although the nonhereditary "bureaucratic feudalism" of the Confucian state was
 "highly favourable to the growth of the natural sciences at the pre-Renaissance level,"
 it inhibited an eventual transformation to science of the modern type.
 7. Attitudes found in early Taoist writings encouraged the disinterested empirical
 observation of Nature, so that "the Taoists" in each period of history were largely
 responsible for scientific and technological advances. This continued to be so even
 though the socioeconomic system, as it "sterilised the sprouts of natural science,"
 "converted Taoist proto-scientific experimentalism into fortune-telling and rustic
 magic. "

 8. In weighing the many factors that bear on the Scientific Revolution Problem,
 external factors preponderate: "The analysable differences in social and economic
 pattern between China and Western Europe will in the end illuminate, as far as
 anything can ever throw light on it, both the earlier predominance of Chinese science

 and technology and also the later rise of modern science in Europe alone."'10

 These presuppositions have unified an exploration of scope unequaled in Chinese
 history or the history of European science. They have given Needham's work a sig-
 nificance that reaches far beyond academia. Because Science and Civilisation in China
 made the world aware of Chinese science, the Chinese government has recognized
 research in the field as a source of national pride and has generously supported it in
 recent years.

 Needham's assumptions and his conclusions have been challenged, as one would
 expect in any healthy field. His volumes of the mid-1950s now need to be rewritten
 throughout as a result of new contributions inspired in part by his work. "

 Needham's catholicity is not unique in the field. Xi Zezong in the Institute for
 the History of Natural Science, Beijing, and first Yabuuti Kiyosi and then Yamada
 Keiji at the Research Institute for Humanistic Studies, Kyoto, have encouraged their
 working groups to become broadly competent in historical studies of science, med-
 icine, and technology (Yabuuti 1979a). In Asia, the history of science and medicine
 are not otherwise studied in the same organization. At the College de France, Jacques

 Gernet has recently organized a research group in order to foster a breadth of com-
 petence comparable to that found in Beijing and Kyoto. Among its members are

 1o Nakayama and Sivin 1973:4; Needham et al. 1954-,2:33- 164, quotation from p. 162;
 3:150-68; Needham 1969:190-217, quotations from pp. 190 and 217.

 " This is not the place for a detailed evaluation of Needham's work and its underlying
 assumptions, but see the conspectuses in Elvin et al. 1980 and White and Spence 1984 and
 the critical reflections in Sivin 1978 and 1982. The most penetrating examinations from the
 points of view of the history of science, sinology, sociology, etc., are listed in Sivin 1982:55
 n. 7. For a recent Chinese discussion see Du and Mei 1982. Cullen 1983 contains original
 reflections on this and many other matters.
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 Jean-Claude Martzloff (1981a), Karine Chemla (1982), and Catherine Jami (1985),
 exceptional young historians of mathematics who bring an unprecedented range of
 technical insight to their sources.

 Current Distribution of Scholarship

 The distribution of scholars engaged in monographic studies is estimated in Table
 1. The total is a small fraction of historians of China worldwide but a significant
 proportion of active historians of science and medicine. This group supports a number
 of journals, listed in Table 2.

 Members regularly exchange ideas and materials. Triennial international con-
 gresses of historians of science regularly include a major session on East Asian science,
 and international conferences on the history of Chinese science have been held annually
 since 1982. All of these incorporate the history of medicine.

 Most of the roughly seventy historians of Chinese science in Europe and the United
 States work in universities; only a few would be considered specialists. Most of the

 outstanding American contributors were educated in history, and an increasing num-
 ber of budding specialists are taking their degrees in the history of science, with
 substantial work in Chinese studies. In Europe, where the history of science is barely
 established, most are still preparing in Oriental studies, and rarely master newer
 methods in the other field.

 In China regular university courses in the history of science began only after
 1980, and the scale is still very small. Almost all scholars in the field are full-time
 researchers in institutes under the Chinese Academy of Sciences, and are trained in

 science rather than history. There are some prominent scholars outside the Academy
 of Sciences, such as Ke Jun, the doyen of archaeological metallurgists and former
 vice president of Beijing University of Iron and Steel Technology; Li Di, a greatly
 respected polymath, at Inner Mongolia Normal University; and Pan Nai, a leading
 historian of astronomy, who works for the Municipal Architectural Construction
 Technology Research Institute in Shanghai. Fan Dainian's "Dialectics of Nature"
 group in Academia Sinica has been particularly active in importing and experimenting
 with new methodologies for the history, philosophy, and sociology of science. 12

 In Japan the situation is intermediate between those of China and the West.
 Most scholars teach, but the Research Institute for Humanistic Studies (Jinbun Ka-
 gaku Kenkytujo), Kyoto, sets the standard. Its seminar on the history of Chinese
 science has no counterpart in Tokyo.

 The history of medicine is structured differently. The study of the classics is still
 part of the curriculum in China's many colleges of traditional medicine, and many
 of the professors of clinical medicine, deeply learned in early writings, publish reg-
 ularly on historical topics. Their writings reflect their professional involvement in
 what they see as a threatened but vital tradition. The historians in the Academy of
 Traditional Chinese Medicine provide intellectual leadership and mount large projects
 to compile reference books and reprint classics, but the field is not at all centralized.
 The only association, the Society for the History of Medicine, part of the Chinese
 Medical Association (Zhonghua Yixue Hui, Yishi Xuehui), is affiliated with, and
 mostly draws members from, the institutions of modern medicine.

 12 The journal Ziran bianzbengfa tongxun, originally a vehicle for Marxist philosophy of
 science, is the best-known publication in the field. A famous example of such experimentation
 is Jin Guantao et al. 1983.
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 Table 1. Scholars Whose Primary Research Field
 is the History of Chinese Science

 China

 MEMBERS OF PROFESSIONAL SOCIETIES

 History of Science Society (Zhongguo Kexue Jishushi Xuehui): total members
 840 (historians of Chinese science about 400)

 Society for the History of Medicine, Chinese Medical Association (Zhonghua
 Yixue Hui, Yishi Xuehui): no figures available. This group is affiliated
 with an organization for the study of modern, not traditional, medicine

 ESTIMATED TOTAL SPECIALIST RESEARCHERS AND TEACHERS

 History of science and technology: about 400 (science 250, technology 150)
 History of medicine: about 500 (mostly practicing physicians)

 RESEARCH PERSONNEL AT MAIN INSTITUTE IN EACH FIELD

 Institute for the History of Natural Science (Ziran Kexueshi Yanjiusuo),
 Academia Sinica: 64 (Chinese science and technology, 48)

 The China Institute for the History of Medicine and Medical Literature
 (Zhongguo Yishi Wenxian Yanjiusuo), Academy of Traditional Chinese
 Medicine: 32

 Japan

 MEMBERS OF PROFESSIONAL SOCIETIES

 History of Science Society (Kagakushi Kenkyiukai): total members about 800
 (historians of Chinese science about 10)

 Japan Society of Medical History (Nihon Ishigakkai): total members 777 (those
 primarily studying Chinese medicine about 100, specialists 15)

 Taiwan

 SCHOLARS DOING RESEARCH IN THE FIELD

 22 (there is a Committee for Research on the History of Chinese Science and
 Technology, formed 1981, with 37 members)

 South Koreaa

 MEMBERS OF PROFESSIONAL SOCIETIES

 Korean History of Science Society (Han'guk Kwahaksa Hakhoe): total
 members, 330

 Korean Association of Medical History (Tachan Uisa Hakhoe): total members,
 25

 Total historians of Chinese science: 20

 Elsewhere in Asia

 SCHOLARS PUBLISHING REPORTS OF RESEARCH IN

 PRIMARY SOURCES OR ARTIFACTS

 Malaysia and Singapore: 3 (3 science)
 Hong Kong: 6 (2 science)
 Australia: 3 (3 science)
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 Table 1. (continued) Scholars Whose Primary Research Field
 is the History of Chinese Science

 Europe and United States

 SCHOLARS PUBLISHING REPORTS OF RESEARCH IN PRIMARY SOURCES OR ARTIFACTS

 70 (science 40, technology 12, medicine 18)

 NOTE: These figures include scholars who study mathematics, natural science, technology, and med-
 icine. Estimates are from Xi Zezong (science, China), Cai Jingfeng (medicine, China), Sakai
 Shizu (medicine, Japan), Nakayama Shigeru (science, Japan), Wang P'ing (Taiwan), Jeon Sang-
 woon (South Korea), and Ho Peng Yoke (Southeast Asia and Australia). Other estimates are my
 own, based on surveys published in CS 1(1975):4-51, and 6(1983):33-55, and information
 gathered subsequently. The definition of "pritnary research field" varies for each part of the world
 and is specified. Since these criteria are incommensurable, totals would be misleading.

 aNo infbrmation is available about North Korea, which sent a delegation of three to the 16th
 International Congress of the History of Science, Bucharest, August-September 1981.

 To summarize from a worldwide perspective, the ongoing shift among technical
 historians from education in science to education in history has barely begun among
 those who study China. The specialist journals listed in Table 2 carry only a fraction
 of publications on Chinese science (including technology) and medicine. Most papers
 appear in scientific and medical journals in China, and in historical and sinological
 publications in Europe and the United States. In Japan the much smaller output is
 mostly published in specialist journals or medical journals.

 The great majority of those studying Chinese science are using familiar techniques
 to elucidate the sources, but some of the scores of books and hundreds of essays
 published every year are posing new questions and probing for patterns of change. 13

 Issues

 Needham's predecessors showed that China had evolved scientific traditions that
 merit attention. Science and Civilisation in China, with its massive comparative doc-
 umentation and bold arguments, broadcast that message and began revising world
 history. As we have seen, Needham proceeded to turn the old issue upside down by
 asserting Chinese superiority across the board for a millennium and a half, and asking
 why modern science was not a Chinese invention. The heuristic value of this latter
 question is obvious, but translated into an issue for research, it becomes "why did
 the Scientific Revolution take place where and when it did?" The obvious main focus
 of investigation thus shifts to Europe.

 But for many before and after Needham who are interested in China, not Europe,
 the Scientific Revolution Problem provided a shooting gallery in which anyone could
 fire a few rounds and no one kept score. The concept of inhibition, which as an
 accomplished biochemist Needham had used sparingly, was adduced with abandon
 by one writer after another without asking whether a given "modern" feature (rigorous
 proof, capitalism, etc.) was in fact growing so vigorously in Asian soil that it would
 have continued to flourish in the absence of the putative inhibiting agent. Such authors
 were usually ill informed about Europe. For example, they pointed to a backward-

 13 Xi 1983 estimates that in 1982 more than 750 articles on the history of science, tech-
 nology, medicine, and closely related topics were published in China. One can infer from his
 survey that 30 to 40 books appeared in the same year.
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 Table 2. Journals of the History of Chinese or
 East Asian Science and Medicine

 Chinese Science. Philadelphia, 1975-. Irregular.
 Historia scientiarum. Tokyo, 1962-. Originally published under the titleJapanese

 Studies in the History of Science. Essays in European languages.
 Japanese Studies in the History of Science. See Historia scientiarum.
 Jianzhushi lunwen ji. Collected essays in the history of architecture. Beijing,

 1983-. Irregular, 6 vols. to mid-1986.

 Kagakushi kenkyz7. Journal of the History of Science, Japan. Tokyo, 1941-.
 Kexueshi icong. Translations in the history of science. Beijing, 1981-. Translations

 on every aspect of technical history.

 Kexueshi jikan. Publications in the history of science. Beijing, 1958-.
 Kexueshi tongxun. The History of Science Newsletter. Taibei, 1982-. Irregular, 4

 nos.

 Kexueshi wenji. Collected papers in the history of science and technology.
 Shanghai. Irregular, 14 vols.

 Nihon ishigaku zasshi. Journal of the Japan Society of Medical History. Quarterly.
 New series, Tokyo, 1954- (first published under this title 1941-1945).
 Essays in Japanese and European languages.

 Nongshi yanjiu. Agrohistory research. Guangzhou, 1980-. Irregular.
 Nongye kaogu. Agricultural archeology. Nanchang, 1981-.
 Tian wen. Zhongguo tianwenshi yanjiu. Celestial questions, studies in the history of

 Chinese astronomy. Nanjing, 1984-. Irregular.

 Zhongguo keji shiliao. Historical materials on Chinese science and technology.
 Beijing, 1980-. Includes much on modern science.

 Zhongguo nongshi. Agricultural history of China. Nanjing, 1981-.
 Zhonghua yishi zazhi. Chinese journal of medical history. Quarterly. New series,

 Beijing, 1980-. Published under this and other titles 1947-1958.
 Ziran bianzhengfa tongxun. Journal of dialectics of nature. Bimonthly. Beijing,

 1979-. Theoretically oriented journal of philosophy, history, and sociology
 of natural science.

 NOTE: This table includes Chinese journals of agricultural history that regularly carry articles related
 to science, as well as Japanese journals that include China in their scope but are primarily
 devoted to Japanese science. Irregular collections as well as periodicals are listed.

 looking intellectual establishment or a "feudal" landowning elite in China, without
 noticing that similar establishments and elites in Europe were unable to stop the
 social revolution that secularized science. As Nakayama has put it, they "treated
 science as a structure to be contemplated rather than as a dynamic historical activity
 involving creation, development, and transmission" (1984:xi).

 Those who played this game seldom looked into the assumptions that drew them
 to it, even when to a normally critical reader their conclusions were patently racist
 (Levy-Bruhl 1910; Edmunds 1911; Morgan 1933) or ideologically motivated (Bould-
 ing 1976; Wen-yuan Qian 1985). Those outside China have produced endless, con-
 tradictory lists of "factors" without exposing themselves to the original scientific
 literature. 4 Recent discussions in China are often better informed about the Asian
 sources, but are usually crude in their historiography (Fan Dainian et al. 1983).

 14Assumptions behind the Scientific Revolution Problem have been analyzed in Sivin 1982.
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 The last decade's accomplishments can be related to several focal issues (Sivin
 1977:xv-xxi). These issues are analogous to those raised in the best current work in
 sinology and the general history of science.

 What were the scientific and technological traditions?

 Criteria. The conventional divisions of modern science and engineering are not im-
 posed on the Chinese literature as often as they once were. Chemistry and mechanical
 engineering were not premodern Chinese divisions of activity or literature. The con-
 ceptually elaborate Chinese art of siting or geomancy (dili, kanyu, popularlyfengshui),
 with a large, neglected literature, does not correspond to any department of modern
 science. It is akin, rather, to the schemata that landscape architects have been creating
 to link the aesthetics of topography and buildings (Clement et al. 1982). But that
 does not say enough. The practice of siting also incorporates rituals through which
 care for the dead realigns relations among the living (March 1968; Bennett 1978).

 Among other faults, positivist categories distract people from asking what the
 Chinese divisions were. They obscure the fact that the sciences in China were not
 parts of one body of cognitive knowledge analogous to the premodern natural phi-
 losophy of Europe (Sivin 1982:47-5 1). Yoshida Mitsukuni (1970) has examined the
 ancient relations of astronomy, astrology, and astral religion worldwide, and has found
 the clear modern boundaries between them as untenable in China as elsewhere. Mircea
 Eliade (1956, 1968), after examining on a global scale the worldview of alchemists,
 has left no basis for supposing that they thought like modern chemists. I have argued
 that although alchemists applied chemical knowledge, their goals were not cognitive
 but religious or oriented toward healing (Sivin 1977:108-22).

 Many scholars in China, and Needham in the West, have long argued against
 studying elite traditions alone, but only a few historians of science have delved into
 alternatives. Paul Unschuld (1985) has written the first scholarly history that considers
 popular ("demonological") healing and the work of religious curers alongside classical
 medicine. Ngo Van Xuyet (1976) has to some extent untangled the extraordinarily
 confused picture of technicians (physicians, architects, prognosticators, etc.) in the
 early histories by analyzing the political and social conflicts that underlay use of the
 epithet "fangshi," "master of formulas," often mistaken for a determinate social cat-
 egory.

 Level. There is much to be lost by looking at any historic activity as though it were
 uniform up and down the social scale and across the geographical breadth of China.
 Simplifying assumptions of this kind are unavoidable when first sorting out a domain
 of craft or science, but sooner or later it becomes possible to leave them behind. As
 Skinner (1985) has suggested for social and economic history, the macroregion is a
 sounder basis than China as a whole for historical generalizations covering long
 stretches of time. Regional analysis is beginning to be applied to technical history,
 so far only in studies of food and nutrition (Mazumdar 1984; Murray 1985). Recent
 publications from China, for instance collections of biographical notices of Jiangsu
 and Sichuan physicians from gazetteers and other sources (Chen Xianfu 1981; Chen
 Daojin and Xue Weitao 1985) and a province-by-province bibliography of medical
 writings (Guo Aichun 1984-), are ready to facilitate regional analyses. Since the

 For a classic critique of historic explanations that depend on lists of positive and negative
 factors, see Merton 1970:x-xi.
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 history of traditional medicine in modern China was launched in the mid- 1970s,
 many interviews of elderly physicians and studies of provincial medical education
 have accumulated that will be useful in reconstructing local practice in earlier times.

 These are found in the historical quarterly Zhonghua yishi zazhi, and in Zhongyi zazhi
 and other journals of traditional Chinese medicine.

 Relation to politics. Scholars often hold to an ideal picture of science insulated from
 politics, despite the prevalence for the past century of lobbying and opposed expert
 testimony on charged public topics. Analysts of early Chinese thought about Nature
 have tended on the whole to take the ideal more seriously than the reality. The

 documents in which such basic concepts as yin-yang and the Five Phases (wuxing)

 matured (Graham 1986), from the "Xi ci" appendixes of the Book of Changes (early
 second century B.C.?; Peterson 1982) through the writings of Dong Zhongshu (ca.

 135 B.C.) to culmination in the Tai xuan of Yang Xiong (ca. 4 B.C.), suggest that
 political concerns have been inseparable from worldviews. Every discussion, usually
 explicitly but sometimes tacitly, justifies as natural the central monarchic and ad-
 ministrative order. Each tries to define an orthodoxy that will motivate educated
 people, once they have correctly related their personal microcosm to the macrocosm,

 to help their sovereign make the state a counterpart of the universal order of Nature

 (Nylan and Sivin forthcoming).
 Political issues remained in view as a more comprehensive web of correspondences

 was elaborated in the Inner Canon of the Yellow Lord (probably first century B.C.) tO
 aid clinical reasoning. In its dialogues between sage adviser and sovereign, soundness
 in the somatic and political microcosms depends on identical principles. The simil-

 itude of governing and curing (both called zhi, "bringing order") remains a theme
 throughout the history of classical medicine. The idea that illness results from in-
 correct action or thought, found in records of healing at every level of Chinese society,
 has political consequences when public authority enforces social definition.

 Zhao Hongjun's recent study (1983) of the polemics between Chinese and West-
 ern medicine-a book exceptional in its attention to the political dimension-begins
 its analysis with the late Qing period. It deserves attention from scholars of earlier
 eras.

 Relations to philosophy and religion. Sinologists in recent decades have done away with
 the notion that Confucianism, Taoism, and Buddhism were abstract and unchanging
 essences that determined the shape of intellectual history, three piles into which the
 contents of a given mind can be mechanically sorted by identifying quotations and
 key words. A couple of decades ago a paragraph on Confucianism or Taoism might

 have shifted between half a dozen different senses of the word, but such vagueness
 is dying out (Fukui 1977; Sakai and Fukui 1977; Sivin 1978; Sakade 1986).

 By the end of the first century A.D., the search for an orthodoxy based on cosmic
 order, just mentioned, had intimately united doctrines of Confucius and Laozi. A
 quotation from the latter no longer implied that a thinker is a Taoist-at least if
 we use a definition of the word that applies to people rather than disembodied essences.
 Most of the Taoist movements (which never became a unified religion) were concerned
 with the figure of Laozi as savior, and ultimately as emanation of the Ineffable. In
 their eyes the Laozi was "a cosmic writ in relationship with the Five Phases (wuxing)

 and only incidentally a philosophical or mystical treatise" (Schipper 1985b:46-47).
 Few initiates saw anything of interest in the Zhuangzi, at least until Tang imperial
 patronage made the book prominent.
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 Sinologists now tend to use "Taoist" and similar terms as explanatory categories
 only when they have some social meaning. That tendency is germane to the study
 of science. I have mentioned Needham's conviction that Taoism animated much sci-
 entific research in China. "Taoist alchemy," "Taoist medicine," and so on are refrains
 in recent popularizations. Scholars at work in these fields find, however, that many
 such "Taoist" sentiments have been taken out of context and that "Confucian" and
 "Buddhist" sentiments are regularly found in the same sources. Reminiscent of a
 generation ago is a recent monograph on medical ethics organized around an eternal
 war between practitioners "inside" and "outside" Confucianism (Unschuld 1975,
 1979; also in Morita 1985, by "a modern physician"). But this is no longer the norm.

 Two exemplary studies ask specific questions about Taoism and alchemy. Michel
 Strickmann investigates how Tao Hongjing (456-536) used alchemy in founding an
 imperially sponsored Taoist cult in South China. He concludes that alchemy, med-
 icine, and other arts "emerge more clearly against the backdrop of Chinese society
 if visualized as separate entities, weaving in and out of Taoist (and other) contexts
 in the course of history, rather than as somehow being integral parts of a 'Taoism'
 that depends on them for its definition yet lacks any social dimension" (1979:166).
 Isabelle Robinet (1979; 1984, 1:21-34) shows that alchemy and other arts of im-
 mortality were flourishing in South China before Taoism-that is, the Celestial Mas-
 ters movement-entered from the north in the early fourth century. The old idea
 that alchemy was practiced primarily by Taoists turns out to be an artifact of the
 vagueness with which the word "Taoist" was once used.

 Where were the sciences located in society?

 No category like scientia united the sciences. One could learn from them aspects
 of the dao or of li, but these notions reached far beyond the limits of cognition (Sivin
 1986a). Many orthodox thinkers were attentive to Nature in their teachings, but
 there is no counterpart to the Platonic hierarchy of knowledge, graded by certainty,
 that inspired the European trivium and quadrivium.

 The sciences were not part of one overarching structure because they were not
 subordinated to philosophy in institutions for research and teaching. Nothing in-
 herent ruled out such a relation, as we can see when astronomy came to occupy an
 important place in late Ming and Qing Neo-Confucian thought and entered the
 curricula of mid-Qing advocates of "evidentiary research" (kaozheng, kaoju; Henderson
 1984:153-55; Elman 1984:79-85). In the Han each science began with theoretical
 roots in yin-yang, Five Phases, and other concepts and then grew on these roots
 without systematic reference to those of the other sciences or to philosophic inno-
 vations. Zhu Xi (1130-1200), enthusiastic about all the sciences, was out of date
 in his knowledge of them. He was on the whole ignored by later technical innovators
 despite his great authority in orthodox teachings.15

 The Chinese sciences were not the basis of professions, nor even of coherent
 occupational groups. Astronomy was largely located in the imperial court because
 the calendar (that is, accurate predictions of celestial events) was part of the imperial
 regalia. We find healers scattered from the top to the bottom of the society and across

 15 This judgment about Zhu Xi's knowledge is based on the Zhuzi yu lei and other sources.
 Many pertinent citations have been gathered in Yamada 1978.
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 the empire, from the functionaries of the Imperial Medical Service to spirit mediums
 who cured in trance and illiterate herb-gatherers. The officials did not constitute the
 highest echelon; in both the popular estimation and the view of learned doctors, the
 celebrities were the amateurs who had made their reputations as statesmen or poets,
 such as Shen Kuo (or Gua, 1031-95) and Su Shi (1037-1101), or the learned teachers
 who had founded well-populated lineages of practice. Alchemy appears to have been
 practiced on the margins of society. As its "internal," meditative form became wide-
 spread over the last millennium, the chemical manipulation of minerals and other
 substances became markedly rarer. The survival of laboratory alchemy and the extent
 of its use after ca. A.D. 1000 have been inadequately explored.

 What were the sources of new ideas, techniques, and

 problems?

 When there is an abrupt change in the way a traditional science defines its prob-
 lems, its boundaries are the obvious place to look for reasons. The pertinent boundaries
 may be cultural or social.

 The import of new ideas and practices-even challenges such as epidemics-
 traveling between cultures and over geographical frontiers has been brought home
 to historians by the global syntheses of William H. McNeill. In The Rise of the West
 he argued that in Western history new impulses have tended to appear at the bound-
 aries between Europe and other cultures; in Plagues and Peoples, that the international
 movement of disease accounts for much social upheaval and political change; and in
 The Pursuit of Power, that the development and spread of armed violence in human
 populations can be treated as a "macroparasitism" parallel to the "microparasitism"
 of disease. 16 As for influence on and by China, Edward Schafer (1963) has explored
 with customary brio the importation of people, ideas, books, and artifacts in the
 Tang and their impact, and Lynn White (1982) has painted a compendious portrait
 of the large Asian contribution to the material culture of medieval Europe.

 The most novel parts of Needham's volumes have discussed the travel of ideas
 and techniques to and from China (1954-). He strengthens his arguments whenever
 possible by taking as his units groups of inventions and ideas that appeared in Europe
 at the same time. His tendency to assume transmission in the absence of evidence
 for independent invention has been questioned, but where evidence is available he
 has meticulously documented borrowings between every major civilization. European
 technical historians offended by his claims of Chinese priorities can no longer ignore
 his work, but where it challenges received accounts, they tend to dismiss it rather
 than produce counter-evidence of the same quality (Reynolds 1983:9-30; Cipolla
 1967:40, 152).

 There have been few recent contributions on the same grand scale as those of
 Needham and McNeill, but important studies have thrown light on technical change
 (or lack of it) resulting from transmission. An abiding puzzlement is the negligible
 influence on Chinese mathematical astronomy of Indian and Islamic specialists em-
 ployed in the imperial court between the eighth and seventeenth centuries. So far
 we have little but opinions as to why this was so, but a few significant pieces of the
 puzzle have come to light. Yabuuti (1979b) and Yano (1986) have studied treatises
 used by Indian astrologers in eighth- and ninth-century China. Cullen has discovered

 16 McNeill 1964, 1977, and 1984. On the role of China in world history, see 1984:chap.
 2.
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 the oldest extant table of tangents (generally considered an Indian innovation) in
 Yixing's great system of astronomical computation (ca. 725). Cullen (1982; see also
 Ang 1979) provides closely reasoned hypotheses about Indian influence. For inter-
 action with Islamic science, there has been nothing comparably important outside
 Science and Civilisation in China since 1967, when Miyasita Saburo found a set of
 twelfth-century Chinese anatomical illustrations reproduced in a Persian manuscript
 of 1313-14.

 Despite intense recent activity in studies of Jesuits in China, little additional
 light has been cast on their scientific activity and responses to it. The most significant
 study of the last decade is Gernet's China and the Christian Impact (1982), which for
 the first time examines closely and in an integral way, rather than isolating from
 each other, seventeenth-century Chinese views of European astronomy and Christi-
 anity. Pan Jixing (1984) has tied together earlier studies to show the influential role
 of the Kangxi emperor as an enthusiast of Western science. 17

 Gottfried Wilhelm Leibniz (1646-1716) has been portrayed as a key figure in
 the influence of China on the Enlightenment, to the point of suggesting that his
 correspondence with missionaries may have been responsible not only for his orga-
 nismic philosophy (Needham et al. 1954-, 2:496-505) but also for his binary arith-
 metic (Wilhelm 1948). Recent studies have situated his ontology firmly in a European
 matrix and have shown that, in his mathematical notation as well, what he drew
 from China confirmed ideas already well formed (Leibniz 1977; Mungello 1977, 1979;
 Leites 1978).

 More difficult to cross than boundaries of states are those between social strata.
 Perhaps the most stimulating area of growth in the sinology of the past two decades
 has been in studies of popular culture. The main findings bear on the history of
 science in two ways. First, in late imperial China literacy was much more widespread
 and less uniform in standard than the conventional wisdom had it (Rawski 1979).
 Second, a great deal of religious practice and belief that has been called Taoist actually
 belonged to popular religion. Ancient pedants, who found Taoist movements and
 popular cults equally reprehensible, muddled them, and the lay faithful were not
 inclined to divide their beliefs into mutually exclusive compartments. In a field study
 Schipper (1985b) writes of classical and vernacular liturgies in modern Taiwan per-
 formed by distinct priesthoods within Taoism and also in popular cults. In earlier
 times the ritual and social structures of popular and Taoist practitioners were more
 distinct (Sivin 1979).

 As yet, curiosity about popular culture has had negligible influence in studies
 of science, but Wang Lixing has been working in this area for some time (e.g.,
 1983a, 1983b). In a report on healers in present-day Taiwan, Kleinman has proposed
 an analytic framework adaptable to historical inquiry (1980; discussed below).

 A promising new area of exploration is the ethnoastronomy of the Chinese mi-
 nority peoples, an area in which mythology and calendar computation intersect. This
 topic was almost completely neglected before the last decade, but government em-
 phasis on ethnic minorities has drawn attention to it. We now have, in addition to
 scattered studies, a volume that draws together astronomical studies of a variety of
 peoples, and a substantial historical monograph on the astronomy of the Yi people

 17 Jonathan Spence's splendid "autobiography" of Kangxi (1974) is aware of this interest
 but does not cite the main source for studying it, the emperor's remarkable book of jottings
 on science, technology, and natural history, Kangxi ji xia gewu bian. The book is translated,
 partially and not very satisfactorily, in Cibot 1779, criticized by Chen Shouyi 1957. See also
 Wen 1981.
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 of Yunnan province (Anon. 1981; Chen Jiujin et al. 1984). Such work has already
 cast light on less local questions. The authors of the monograph found that the Yi
 used a solar calendar with ten 36-day months, and suggested that a Confucian text
 more than two thousand years old would make sense for the first time if it were
 understood to describe a similar calendar. 18

 Another boundary relevant to technical innovation is the one between theory and
 practice. In the history of science, it has usually been treated as a distinct interface,
 largely because of Western parochialism. The mind-body dichotomy and the opposed

 pull of intellectualism and anti-intellectualism are all part of the European story.
 Equally to the point is the collapse of learning in Europe, which left classical science
 to a few cloistered epitomizers and encyclopedists and left most doers illiterate. Galen
 (129/130-199/200) combined erudition and practice, but for a millennium after his
 time, few physicians west of Byzantium or north of Salerno based substantial clinical

 experience on high medical learning.
 In Chinese medicine, despite periods of social chaos and the disdain of the literati

 for manual labor, theory and therapy were never sundered. Even commentaries on
 the medical classics were with few exceptions compiled by practitioners. Medical case
 histories were compiled by 100 B.C., and developed into a large literature beginning
 in the eleventh century A.D. Theory was not a set of abstract doctrines, but the
 systematic reasoning that underlay diagnosis and therapy. This point has been made
 with reference to present-day as well as early Chinese medicine (Farquhar 1986; Sivin
 1987).

 How were the sciences related to other kinds of

 thought and activity?

 I have already mentioned that, in ancient science in all the great civilizations,
 thought about the external world, however rational, was professedly value-laden. It
 was not cut off from other sources of value in personal experience-good, justice,
 beauty, or mystic union with the object of contemplation. Overlaps with magic were
 firmly established as an object of study by Lynn Thorndike's A History of Magic and
 Experimental Science, published between 1923 and 1958. The roles of magic and oc-
 cultism in the formation of early modern science remain a topic of lively debate
 (Westman 1977; Vickers 1984b).

 Ethnologists find magical and religious healing a central concern, and they have
 made signal contributions to the study of Chinese culture for more than half a century
 (Minakata 1971-75; Hsu 1952; Elliott 1955; Topley 1970; Baity 1975; Kleinman
 1980). In studies of early healing as well, this breadth of conception is no longer
 unusual (Cooper and Sivin 1973; Harper 1982; Unschuld 1985). Schipper has laid
 to rest Maspero's depiction of "Taoist" meditations as purely physiological in nature,
 showing that those connected with Taoism in any significant sense were consistently
 based on a religious view of the body and mystical practices. 19 Schipper (1985a) has
 also uncovered the structural ambiguities inherent in religious ideas of epidemics and
 the gods that both bring and cure them, as well as the differences in the ways that

 18 Chen Jiujin 1982. Chen's hypothesis does not dispose of the problem, since the "Yue
 lin " portion of the Li ji is organized according to a scheme of twelve months.

 9 Maspero 1937; Schipper 1978, 1982. Needham et al. 1954-, vol. 5, pt. 5 (publ. 1983)
 still contrast the "psycho-physiological" character of internal alchemy with the "allegorical-
 mystical enterprise" of Europe.

This content downloaded from 142.58.129.109 on Thu, 09 Aug 2018 17:12:43 UTC
All use subject to https://about.jstor.org/terms



 58 NATHAN SIVIN

 popular and Taoist liturgies respond to them. Michel Strickmann (1979) has, with

 characteristic originality, studied the relation between alchemical drugs and escha-
 tology. A discussion (Sivin 1976) of mysticism and allegory in internal and external
 alchemy converges with his conclusions.

 Studies of how science is related to other aspects of culture have just begun.

 Needham has perceptively examined the representation of geological structures in
 Chinese painting (Needham et al. 1954-, 3:592-98 and pl. 92), putting to rest the
 notion that Cathayan artists were not interested in such matters. Martha Li Chiu
 (1981) is instructive on the legal implications of medical diagnosis. Although studies

 of science in Western literature and of the role of scientific writings in European
 literary history have been most productive, it is remarkable that students of Chinese

 literature have not yet begun to explore technical books. Hellmut Wilhelm, at least
 (e.g. 1977), has been attentive to literary and rhetorical aspects of the Book of Changes,
 and has inspired attention to other works in the same tradition, as important for
 literature as for cosmology (Nylan and Sivin 1987).

 Much has been said on the social and political uses of science and medicine in
 imperial times, but in general such analyses have been crudely reductive and func-
 tionalist. One concludes that those who ignore today's social theory are doomed to

 use outmoded assumptions that have faded into "common sense." Only a few studies
 of the ancient sciences put to good use current insights in anthropology and sociology,
 notably StevenJ. Bennett (1978) on siting and Martha Li Chiu (1986) on early medical
 concepts. Methods used in some anthropological studies of contemporary health care
 mentioned above can easily be applied to early healing (Kleinman 1980, Farquhar
 1986).

 What were the constraints on change?

 It has been more than a decade since anyone has claimed (in a scholarly journal,
 at least) that Chinese were incapable of abstract scientific theory (Mungello 1972).
 The ingenuity expended over the years on why Chinese were not capable of geometric
 proof has also turned out to be wasted, since Wagner showed the existence of such
 proofs in commentaries on the Nine Chapters on the Mathematical Art. The differences
 between this Chinese approach to proof and that of the Greeks has opened up a new
 range of interesting problems (Vogel 1968; Wagner 1978, 1979; Li Di 1982; Guo
 Shuchun 1983). Martzloff (1980, 198 la, 198 lb) has called attention to some of the
 most interesting of these problems by showing that, although the impact of Euclid's
 Elements on seventeenth- and eighteenth-century Chinese was immediate and great,
 its deductive structure of argument had very little influence.

 I suggested some years ago (Sivin 1969) that, if we want to locate the assumptions
 responsible for discontinuities and revolutionary changes in the exact sciences, we are
 more likely to find them within the mathematical procedures than in verbal ration-
 alizations. That is also true of explanations for seeming weaknesses. The use of 3 for
 pi in computational astronomy for nearly a millennium after the value was known to
 ten decimal places seems irrational, but a close analysis of one system shows that the

 20
 error in the crude value offsets other errors and thereby increases accuracy .

 20 This result devolves from my ongoing study of the Season-granting System (Shou shi 1i) of
 1279, the greatest synthesis among traditional systems, in collaboration with Yabuuti Kiyosi
 and Nakayama Shigeru.
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 Similarly, Chinese "ignorance" of anatomy, with the same scant descriptions and
 crude illustrations of organs reprinted in one medical book after another, has been
 explained by Confucian taboos against dissection. This hypothesis ignores the com-
 mon practice of autopsy (McKnight in Sung Tz'u 1981; Jia Jingtao 1984). Manfred
 Porkert (1974:107-8), familiar with the Yellow Emperor tradition, has argued that
 the early Chinese understanding of health and disease was as heavily weighted toward
 function as that of Galen toward structure. What the organs did, not their design
 and spatial relations, mattered. There was nothing that a doctor could accomplish
 by cutting into the abdomen. He was curious about the balance of body functions
 and the propagation of functional imbalance. The location of an inner lesion was of

 minor concern. In Europe anatomical knowledge had practically no clinical utility
 until the middle of the eighteenth century, but it was a source of prestige for learned

 doctors whose reputations did not depend on practice. In China the unbroken tie
 between doctrine and practice removed this motivation for the development of anat-
 omy as well.

 As these examples indicate, the limits of the traditional sciences are unlikely to

 be clarified by checking their gross features one by one against those of modern science.
 Specific comparisons with premodern science in Europe and other cultures are more
 likely to be pertinent. But a first step is to understand the inherent strengths and
 weaknesses of systems of ideas in practice, so that we can compare wholes rather than
 isolated data out of context.

 What were the consequences of steadily integrating doctrine and practice in med-
 icine and the physical sciences? How did this integration proceed without an all-
 encompassing framework of science to enforce cross-fertilization between the sciences?
 Clearly defined questions directed at the sources may yield parts of an answer that
 is far from intuitively obvious. We find, for instance, that it was not at all rare for
 those who pursued the sciences to master more than one tradition-although curiously
 polymaths were somewhat bunched in the Han and Northern Song eras. The writings
 of one such polymath, Shen Kuo, do not indicate that he achieved, or even sought,
 an integrated framework for his diverse knowledge; the one common thread is the
 varied responsibilities of his career as a high civil servant (Sivin 1975; Sivin 1982:49-
 50).

 A couple of other pertinent constraints have come to light. Nakayama Shigeru,
 in a book that ranges across millennia and civilizations, has contraposed Chinese and
 Japanese academic traditions to those of the Middle East and Europe. The former
 were built on classification, with great tolerance for anomalous data, and the building
 of authoritative written traditions. The latter were founded on logic, oral debate,
 and a quest for laws that subsume all experience. Nakayama argues, in fact, that the
 heritage of the East Asian traditions has encouraged a failure of nerve in Japanese
 professional groups seeking to stake out a position in international science today
 (1984:224-37).

 Equally interesting are recurrent statements found in technical treatises from ca.
 100 B.C. to at least the seventeenth century that the realm of predictability is in-
 herently limited. A full knowledge of the patterns underlying physical phenomena
 is not attainable by rational and empirical means. Empirical study must be supple-
 mented by meditation, concentration, self-examination, and other ways of learning.
 This conviction was the rule in medieval Islam and the West (White 1978) and
 survived in Neo-Platonism to the seventeenth century. Its abiding position in the
 mainstream of the exact sciences and its expression in bureaucratic documents give
 it special significance in China (Henderson 1984:246-53, Sivin 1986a).
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 These constraints and others yet to be discovered are bound to cohere with several

 long known. One of these, a corollary to the tight linkage of theory and praxis, is
 the tendency to recast highly abstract inquiries into practical, problem-solving form,
 characteristic of much modern science but unusual in the early West. Another is
 that, although abstract concepts such as yin-yang and the Five Phases were used in
 sophisticated schemata to explain complex relationships underlying change, we often
 find (especially in siting and medicine) verbal symmetries treated as symmetries of
 phenomena. Classical yin-yang theory does not demand a reason for needling the left
 (yang) side of the body when pain is felt on the right (yin) side; the theory is the
 reason. This identification of word and thing played a most ambiguous role in the
 evolution of European science; its outcome in China needs analysis as subtle as that
 provided for Neo-Platonism by Vickers (1984a) and others.

 What do these constraints portend? The issue is not whether revolutions were
 possible. Two revolutions have been identified that meet the criteria usual among
 historians of science (basic change in what forms a problem, in what kinds of data
 are pertinent, in what constitutes a solution, etc.). In the first century A.D., one
 revolution abandoned simple cyclic explanations for celestial motions (Sivin 1969).
 In the middle of the seventeenth century, the other exploited Western astronomical
 knowledge as soon as it was introduced to transmute the traditional approach to

 prediction (Sivin 1973). The question is thus not why revolutions did not take place
 but why, when they did take place, their social consequences were negligible. The
 assumption that a scientific revolution must have important social consequences is
 incorrect. We are faced with a new range of questions about the causes of social
 consequences (Sivin 1982:62-65). The work that will throw light on them has hardly
 begun.

 Particular Sciences

 Of the scientific fields enumerated above, only medicine and materia medica,
 mathematics (Martzloff 1985), and astronomy (including observational data derived
 from astrological records) are regularly studied. Work on physical studies has not
 gone beyond an occasional study of a text. Nothing innovative with regard to siting
 has appeared since Bennett's multi-dimensional survey of 1978, although a field study
 mainly from South Korea by the Clements (1982) will help to make up for the paucity
 of similar work in China.

 Alchemy is now little studied worldwide; where once historically minded chem-

 ists were fascinated by it, the growing prestige of scholarship on twentieth-century
 chemistry has encouraged them to explore their own time.21 Because work on recent
 science has hardly begun in China, alchemy is still attractive. Chen Guofu has sup-
 plemented his pioneering study of early Taoist textual traditions (1949) with a volume
 devoted to alchemical writings, their dates and technical language (1983). Zhao
 Kuanghua (1985) and Meng Naichang (1983), along with small groups of associates,
 have begun chemical experiments essential to understand the meaning and significance
 of alchemical writings.

 Studies of internal alchemy (meditative disciplines of self-cultivation that use
 alchemical symbolism) have been facilitated by a volume on the subject by Needham

 21 For Western work on alchemy, see Butler et al. 1980 and Sivin 1968:181-83. Shimao
 1986 surveys the entire literature.
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 et al. (1954-, vol.5, pt. 5; see also Needham 1978) and a monograph by Farzeen
 Baldrian-Hussein (1984). Needham's central purpose is to demonstrate that internal
 alchemy was a kind of "proto-biochemistry"-a beguiling but extremely partial ex-
 planation. Nevertheless the book is rich in data adaptable to other ends.

 By far the most important historical findings stemming from laboratory work
 come from archaeological metallurgy. A strong group of researchers, given intellectual
 direction by Ke Jun and in close touch with innovators abroad, has made a succession
 of remarkable discoveries. To mention only a few recent accomplishments, the origins
 of Chinese cast iron have been clarified, a remarkable Han and Wei malleable cast
 iron has been explained as due to inclusion of spheroidal graphite, and the lost wax
 process for bronze casting has been traced to the sixth century B.C., with no significant
 break in its use from the Chou period to the present.22

 For examples of problems, trends, and prospects in particular Chinese sciences,
 I will survey astronomy, a field in which high standards and innovative research have
 long been visible, and medicine, in which they have been combined only occasionally
 until this decade.23

 Astronomy

 What makes Chinese astronomy difficult to integrate in world history is precisely
 what makes it valuable. Its record runs from ca. 1200 B.C. to the twentieth century.
 Its sophistication is so well known that I need not pause over it. Many foggy platitudes
 about the reluctance of the Chinese to approach astronomy theoretically and their
 inability to apply spatial reasoning have been retired by recent scholarship (Ho 1977;
 Sivin 1981).

 Despite a continual passage of scientific ideas and techniques across continents
 since the Neolithic, Chinese astronomy evolved with little influence from the Old
 World. The crude observational records of the late second millennium B.C. and the
 rudimentary ephemerides of the late first millennium do not leave much of a formative
 role for Mesopotamian influence. We see an evolution practically without gaps from
 these simple beginnings to the zenith of sophistication in the thirteenth century A.D.

 Chinese astronomy is also verbose. We do not have to wonder why astronomers
 in 100 B.C. or A.D. 1280 moved off in new directions; they tell us in detail. Detailed
 prospectuses and committee reports explain the relation between observation and
 computation, and test the reasoning of the innovators.

 Verbosity is a virtue in astronomical traditions. What we know of living cultures
 indicates that their knowledge of the sky is never merely empirical. Behind patterns
 of data lie metaphysical abstractions that point to a coherent physical reality, and
 concrete metaphors that tie sky order to social order.24 China offers a trove of cases
 in which the abstractions are spelled out and the metaphors explained. These instances

 22 See Barnard and Sat6 1975 and Hua et al. 1987; on origins, Tian 1981, Barnard 1983,
 and speculations in Wagner 1986; on spheroidal cast iron, Hua 1982, Guan Hongye and
 Hua 1983; on lost wax, Hua 1985, Hua and Wang Ancai 1985. Important collections include
 Beijing Gangtie Xueyuan 1986, Hua et al. 1986, and issue no. 13 of KW (1985).

 3For the bibliography of technology and of other fields of science see the relevant volumes
 of Needham et al. 1954-. Sun 1979 gives an overview. Introductory bibliographies of work
 in Western languages may be found in Nakayama and Sivin 1973:279-314 and Sivin 1986b.

 24 The first point was made long ago in Burtt 1925. The second is being related to simple
 as well as elaborate cultures by anthropologists, e.g., Horton 1967, 1982, and Gellner 1973.
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 can throw light on general patterns that relate assumptions about society and Nature
 to technical praxis.

 Chinese Characteristics

 This is not to say that everything we find in China will be true worldwide. The
 early invention of bureaucracy in China affected astronomy as well as philosophy. It
 facilitated systematic recording. It reduced the production of the calendar, including

 the prediction of eclipses and planetary motions, to a step-by-step program for a
 human computer who was expected only to know basic arithmetic. That was also
 true of the Almagest (Hellenistic Egypt, ca. A.D. 150), but its Chinese counterparts
 could not approach Ptolemy's predictive accuracy or explanatory power.

 To look at another aspect, Chinese astronomy and astrology were locked in an
 interesting tension. Astrology, like that of Babylonia, was concerned with unpre-
 dictable phenomena that warned of danger to the ruling dynasty. Phenomena that
 were regular and could be computed were not omens. The astronomical official looked
 for unforeseen events in the sky and interpreted their significance. At the same time
 he tried to incorporate as many phenomena as possible in a correct ephemeris. The
 most creative astronomers constantly strove in that way to reduce the range of ominous
 events, to replace the uncertainty of the sky with a set of regular computational cycles
 that would make future stargazing unnecessary, as a bureaucratized cosmos no longer
 challenged the political status quo.

 Divination on behalf of individuals (Nakayama 1966) or for military purposes
 (He Guanbiao and He Bingyu 1985) showed the same abstracting impulse. By the
 time full-fledged systems of divination were well described, the typical method was
 based, not on calculating the relations of planets at the time of conception or birth
 as in the contemporary West, but on counting off the year, month, day, and hour
 of birth within purely numerical cycles of 60. Since these cycles were constructed by
 pairing much older cycles of ten days and twelve hours, we have reason to suspect
 astral origins, although we do not yet have clear evidence for the connection.25 But
 if individual fates were originally rooted in the sky, the point is that those cycles
 were uprooted and made abstract.

 Hellenistic horoscopes entered China in the third century A.D. and had a brief
 vogue there in the eighth and ninth centuries. But horoscopic astrology failed to
 influence the development of astronomy as it did so decisively in Europe, Islam, and
 India (Nakayama 1966).

 We have recently uncovered a remarkable stratum of popular religion in which,
 two thousand years ago, men of knowledge danced out the shapes of constellations
 in rituals that, as they evolved by the Tang, launched the dancers on spirit journeys
 through the stars. The oldest record of these rituals is in a medical formulary (Schafer
 1977:234-69; Harper 1982). These examples will perhaps make clear my point that
 Chinese astronomy and astrology are in many respects not at all universal.

 Issues

 Given the richness of the Chinese record, we should be able to shed light on
 almost any astronomical question. The bulk of research has been devoted to questions

 25 Chao 1946 has yet to be superseded as an introduction, but see also Dobereiner 1980.
 The best general and comparative study of the relation between divination and astronomy is
 Nakayama 1966, reprinted in Sivin 1977:94-106. On astronomical connections of early
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 of what astronomical feats Chinese performed before anyone else. That is an under-
 standable righting of an imbalance, considering how regularly Western histories of
 astronomy have ignored China, or devoted a few perfunctory pages to it using sources
 a generation out of date. A fixation on priorities does not help to answer the sorts

 of questions that students of astronomy ask today. What light might study of China
 shed on central issues?

 When and under what circumstances astronomy began is a question that has no
 single answer for all civilizations. There are grounds for doubt that Chinese astronomy
 has a specifiable origin. Putting together the archaeological and historic evidence, I
 see a number of strands-the observational, the computational, the cosmological,
 the divinatory, the metaphysical, the mythological, the ritual-emerging gradually,
 each at its own pace (on cosmology see Needham 1975, Zheng and Xi 1975, and
 Henderson 1984). These strands joined at the end of the first century B.C. to form
 the first mature complex that we think of as Chinese astronomy (Sivin 1969). It is
 tempting to read that complex into earlier times, but without strong evidence anach-
 ronism is anachronism.

 The aims of astronomy reflect the character of Chinese society, especially its
 monarchy. The relations of public and private practice similarly mirror the values
 and structures of the larger society. Chinese government from its rationalization in
 the Han has been totalitarian in principle, convinced that its mandate to provide
 public order necessitates regulating-whether by example or by fiat-every aspect
 of private thought and behavior. In practice, it has lacked the means to control much
 more than the actions of officials and the education of the elite, and that only very
 imperfectly. Legislation to prevent all but functionaries from doing astronomy was
 seldom zealously, and never successfully, enforced. We can find instances over the
 last two thousand years in which talented scholars avoided astronomy and private
 experts were harassed. But again and again important calendar reforms were initiated
 by private individuals. These experts were consistently coopted, given official ap-
 pointments after the fact. Intensive observation remained centered in the Imperial
 Bureau of Astronomy not because of a "science policy" but because there was no other
 source of funds for large-scale, long-term research projects.

 How was the sky of the astronomers-conceptually very different from that of
 peasants or poets-defined by the technical tasks evolved in bureaucratic institutions
 for political ends? To answer that question, perhaps the most central of all, we need
 a much better understanding of many complicated problems. Some are technical.
 Hashimoto Keizo (1979, 1985), for instance, is working on the evolution of Chinese
 notions about increasing accuracy. Others are social. Yamada Keiji (1980a), to take
 the outstanding example, has given us a detailed study of the calendar reform that
 inaugurated the Yuan reunification of China. He investigates the interplay of ad-

 ministrative organization, observation, and mathematical technique. No crucial prob-
 lem, as these two examples indicate, is purely technical or purely social.

 The list of issues could be prolonged indefinitely, but these are enough to suggest

 how the study of Chinese astronomy might converge with other explorations now
 afoot in the history of science.

 Trends in China

 Work in these relatively new directions will continue to draw on the publications
 of the 150 or so full-time historians of astronomy in China. They are primarily con-
 cerned with establishing Chinese priorities, finding precursors of present-day astro-
 nomical knowledge. This emphasis is now beginning to change, as new methodol-
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 ogies, and new disciplines such as archeoastronomy, are introduced through
 correspondence and personal contact. Given the opposed pulls of enthusiasm and
 institutional inertia, we can expect most work to continue along well-worn tracks,
 however accelerated by automatic computation. Let me summarize general charac-
 teristics of research results seen in recent Chinese publications (Xi 1981, 1983; Sivin
 1981).

 Predominantly philological studies have resulted in many compilations of ob-
 servational data. Histories of astronomy tend to summarize sources topically and
 explain them in modern terminology. Determining patterns of change and their causes
 is a matter of comparatively minor interest, except of course to demonstrate that the
 evolution of astronomy conforms to the laws of historical determinism (a less pressing
 concern these days than fifteen years ago). The emphasis on priorities is reinforced
 by the expectation of the government, the academic employer of first and last resort,
 that students of early science contribute to national pride.

 Every astronomer is aware of, and many have used, catalogues in Western lan-
 guages based on Chinese surveys of comets, novas and supernovas, sunspots, auroras,
 and so on, even detailed earthquake histories for every part of China. Many such
 compilations cover 3,500 years and are rather full for roughly half that time, drawing
 records mainly from the standard histories and from encyclopedic works of the Song
 and after.26

 These surveys have been made obsolete by a search of broader magnitude, using
 thousands of gazetteers, carried out by a team of roughly a hundred scholars from
 1975 to 1978. It resulted in a register of astronomical phenomena and other data
 roughly four million characters long (or the equivalent of perhaps eight million En-
 glish words). China's very limited publication facilities give low priority to volu-
 minous technical reference works of this sort, so the appearance of this book has been
 repeatedly delayed. A few preliminary publications give some impression of its rich-
 ness. It is now possible, for example, to see fine detail in the Maunder Minimum
 and other phenomena for which information was previously lacking.27

 The Cultural Revolution, which closed the historical institutes and gave most
 historians of astronomy few options for research besides collaborating with archae-
 ologists, accustomed them to working with images and artifacts. A succession of
 excavations that have yielded remarkable texts, diagrams, tables of astronomical data,
 and star maps have made this work highly productive for astronomical studies (Xia
 1979, 1980; Xi 1981). Archaeologists and historians have also cooperated in site
 restorations, such as that of the great Yuan forty-foot gnomon at Dengfeng, Honan
 (Zhang Jiatai 1976).

 26 Among the best publications of the last generation, see Imoto and Hasegawa 1958,
 Needham and Ho 1959, Ho 1962, Ho and Ang 1970, Kiang 1972, Wang Dechang 1984,
 and He Bingyu and Zhao Lingyang 1986. Earlier publications are fully listed in Bibliography
 B of Needham et al. 1954-, vol. 3. The most detailed of three large compilations of earthquake
 records is Xie Yushou and Cai Meibiao 1983. Like other ancient observational data, these
 materials must be used critically. Clark and Stephenson 1977, Stephenson and Clark 1978,
 and Xi 1986 discuss problems of using ancient data for current astronomical purposes. Huang
 Yilong [Huang Yinongl is critically sifting earlier claims that connect ancient sightings with
 modern phenomena (e.g., Huang and Moriarty-Schieven 1987).

 27 On the Maunder Minimum, a period of scanty sunspot observations between 1645 and
 1715, see Luo Baorong and Li Weibao 1978, Xu Zhentao 1981, and Cullen 1980, a report
 on two earlier Chinese publications. The Records of Phenomena project has been described
 in Zhuang Weifeng 1982. Its first book-length product has finally appeared, a union catalogue
 of the more than 8,200 local gazetteers from 190 collections used to compile the register of
 phenomena (Zhuang Weifeng et al. 1985).
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 Astronomical instrumentation has been well covered in research publications, but

 a book that will tie these findings together is badly needed.28 Scholars have been

 sifting through the immense collections of the Palace Museum, studying both tra-

 ditional instruments and those imported from the West (Bai and Li 1980; Li Di and
 Bai Shangshu 1981, 1984). Recent studies of instruments have remained largely

 descriptive and antiquarian. Few have estimated the precision of the instruments they

 examine, just as the many publications on systems of computational astronomy have

 had very little to say about their accuracy. The same can be said of most writings
 about early European and Islamic instruments. From Maeyama's brilliant error analy-

 sis (1975-76, 1977), proving that the Chinese star catalogues usually dated to the
 fourth century B.C. were based on observations not earlier than 70 B.C., we can see
 how productive such methods of exploration can be.

 A Next Step

 The characteristics of Chinese astronomy that I have enumerated make it unlikely

 that sound contributions will come from anyone unwilling to study seriously both

 astronomy and China. Collaboration is an obvious way to maximize contributions.
 I mean collaboration in the scientist's sense: two or more people working together

 who have learned each other's fields.
 The simplest way to attract more useful contributions would be to compile a

 chronological catalogue of astronomical capabilities. The closest thing to a model of
 presentation is the systematic outline of early cosmological capabilities by Nakayama
 (1969:24-43). Much of the information is at hand in histories of Chinese astronomy

 published in Chinese and Japanese, although the data need to be reorganized for this
 utilitarian purpose and brought up to date. It ought to be possible to set down what
 types of observation were being made at a given time, with what instruments, and
 to what precision.29 We might interweave with that an account of what was being
 computed in each period, by what means, and based on what data. We would want
 to specify what conceptual tools were guiding the design of Chinese models. It would
 not be wise to include only notions familiar in Europe.

 Medicine

 Medical anthropology once largely documented the savagery that white Christian
 Western European men were supposed to have overcome. Medical sociology within
 living memory was a collection of aids to the professionalization of doctors and nurses.
 Medical history was devoted to proving that the modern physician merits admiration
 not only for his own achievements but also for those of his predecessors that anticipated
 today's knowledge.

 28 See, for instance, Pan Nai 1975 and Yi 1978. The latter article is concerned with the
 metrological standard used in the design of instruments. A splendid volume of photographs
 illustrating star maps, instruments, and artifacts pertinent to early astronomy has been com-
 piled by the Chinese Academy of Social Sciences, Institute of Archaeology (1980).

 29 Thatcher Deane (forthcoming) has already compiled a descriptive catalogue of Chinese
 astronomical instruments between 1670 and 1850 (see also Howse forthcoming). The most
 comprehensive historical outline of astronomy is Chen Zungui 1980-84, but Wang Yingwei
 (1962?) is more detailed for ancient systems of computation.
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 Work in these disciplines now tends to converge on a new set of issues. Current
 scholarship reminds us that support for the patient's own coping and healing is at
 least as important a part of the doctor's work as physical and chemical interventions.
 It indicates that therapeutic success often depends more on understanding the patient's
 whole physical, emotional, and spiritual state than on wielding high technology. It
 allows us to recognize that an illiterate faith healer may be more effective than an
 M.D. when what matters is perceiving and responding to the patient's interpretation
 of what has happened and why. The medium may appeal more successfully than the
 physician to powerful symbols that the patient can use to impose order on the chaos
 of physical and mental suffering (Kleinman 1980:361-63). A coherent view of health
 care that might be applied to understand any illness in any social circumstance at
 any time may eventually emerge from the fragmentary investigations of specialists.
 There are few fields in academia of which that might be said.

 The curious undergraduate, who can find hardly any introductory writing in other
 areas of Chinese science, is swamped in publications on medicine. But the over-
 whelming majority of these are meant for readers interested in acupuncture, holistic
 healing, and similar therapeutic matters. Most of the books on traditional medicine
 that profess to be historical simply leave the normally critical reader suspecting, if
 I may quote an old review of The Yellow Emperor's Classic of Internal Medicine, "that
 the Chinese had some peculiar concepts of medicine, an idea he may well have had
 before beginning to read the book" (Hightower 1951:307).

 The organization of Chinese health care at any point in the past has never been
 described in any language. The only full and reliable surveys of medical history are
 in Chinese and Japanese. Only a handful of papers have attempted to explain changes
 in therapy or theory. The several translations of familiar medical classics fall below
 the level of textual and conceptual mastery and linguistic precision now expected in
 sinology (e.g., Luo Xiwen 1986, 1987). Unschuld 1986b is the best of the complete,
 and Despeux 1987 the best of the partial, translations.

 In order to catch up to the general level of medical historiography, work on China
 must overcome a number of special difficulties. I will review them before passing on
 the strengths of the best recent work.

 Difficulties

 An obvious hindrance to work on Chinese medicine has been the isolation of the
 People's Republic. Field workers have not had access to the field until recently, and
 that access is still very limited. In historical studies, the lack of contact between
 Chinese and foreign historians has impeded both. Scholarly publications are distrib-
 uted so unsystematically within China that scholars outside the central research in-
 stitutes are unable to consult many of them. The central systems for ordering foreign
 publications and for selling Chinese books abroad are even more irrational. Only a
 small proportion of Chinese publications, even of the most important reference books,
 reach foreign libraries. Although the mechanisms in Japan are different, the flow of
 information is equally fitful.

 The many general histories of medicine published since that of Chen Bangxian
 in 1919, with only a couple of exceptions, summarize primary sources. Their authors
 have had little access to Western historiography or social science. They seldom discuss
 change before modern times, except to compile from central government sources data
 on institutions-usually on reorganizations of the imperial medical service or of the
 curricula for training its doctors.
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 Since all Chinese historians of medicine were trained as physicians and most
 practice or teach medicine, their sense of progress rules out interest in most popular
 ("superstitious") healing. They do not systematically investigate the experience of
 the patient.30 Because they see themselves as defenders of a tradition, few are tempted
 to portray the great physicians of the past as anything but heroic and modern in
 temperament. But the many skilled Chinese historians (Table 1) are familiar with a
 literature of daunting size, about eight thousand books that survive as the medical
 legacy of imperial China. Their clinical training gives them insight into the thera-
 peutic significance of medical doctrine, a matter on which most authors outside Asia
 have little or nothing to say.31

 The high volume of Western publications on traditional medicine is not a fluke.
 In 1972 the media hype that began with Nixon's election trip to China made acu-
 puncture the panacea everyone knows (although it is not considered a cure-all in
 China). Practically any book with "China" and "medicine" in the title will turn a
 profit in Europe and the United States. The supply of merchandise for this market
 has responded to the precedent of ignorance and sloppiness set by most of what passed
 for scholarship in the 1940s and 1950s.

 Strengths to Build On

 This assortment of traps for the uncritical reader is balanced by some landmarks.
 A handful of fundamentally sound and useful general monographs has accumulated
 over the past couple of decades. On the evolution of medicine, several articles by Lu
 and Needham (those gathered in Needham et al. 1970 and others listed below) and
 their history of acupuncture and moxibustion (1980) can be recommended. The chron-
 ological survey of the literature in the latter is only a hundred pages long and is
 problematic in several respects. The study of the propagation of acupuncture abroad
 is peerless (1980:262-302). A more extended history is promised in later volumes
 of Needham et al. 1954-. Porkert has explicated certain traditions of premodern
 medical thought and practice, very different from Chinese practice today (1982b),
 and has clarified basic theoretical concepts in the same traditions (1974). Other experts
 do not agree with his stark contrasts between the approaches of Chinese and Western
 medicine (1982a). Unschuld's "history of Chinese medical ideas" (1985) and his "his-
 tory of pharmaceutics" (1986a) are broadly conceived, perceptive, and original in
 important ways. Like his earlier writings, these books are frequently careless in sin-
 ological matters. The 1985 volume is based on few primary sources, does not draw
 on much of the best scholarship, and is simplistic in analysis, but the 1986 book

 30 An exception is in archival studies of medical practice in the Qing palace by Zhu Jinfu,
 Chen Keji, and their collaborators.

 31 The most useful introductory surveys are Liu Boji 1974, Jia Dedao 1979, Ma Boying
 1982, and Zhao Pushan 1983. Of these, Ma stands out for his interest in social aspects of
 medicine as well as in the evolution of concepts. He is also informative about the institutional
 growth of modern medicine in China (1982, 3:96- 108, 231-35). A survey by the pioneer
 historian Fan Xingzhun, privately published in 1960 and only now generally available in a
 revised edition, contains many excellent insights. Although about thirteen thousand titles
 are listed in the forthcoming revision of Zhongyi Yanjiuyuan and Beijing Tushuguan 1961,
 Zheng Jinsheng estimates that they represent about eight thousand distinct books (private
 communication). The meticulous handbooks of MaJixing (1982) and Okanishi Tameto (1958,
 1974) are only the most prominent contributions to a massive continuing effort to set this
 large literature in order. Nakayama and Sivin 1973: 302-8 is a critical bibliography of sources
 in Western languages, supplemented for science in Sivin 1986a.
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 describes a large part of the bencao literature. On the whole Unschuld's books are
 more stimulating than previous histories of Chinese medicine.

 Excellent new contributions have begun to appear with some regularity. To begin
 at the Asian end, an outpouring of archaeological discoveries since the mid- 1960s
 has given us drugs, medical apparatus, and over a hundred remarkably well preserved
 ancient cadavers. Three of these have drawn much attention, and one has been mi-
 nutely studied from the medical viewpoint.32 Excavation has also yielded documents
 of the first importance-prescriptions, moxibustion manuals informative about the
 circulation system, texts on prognostics, illustrations of daoyin exercises (more like
 yoga asanas than the postures of present-day taijiquan), regimens aimed at immor-

 tality, and others. The earliest were interred as grave goods in 168 B.C.33
 Some remarkable insights, in the first instance from Japan, have shown that

 several of these newly discovered books are the oldest of their kind. We can now date
 the Inner Canon of the Yellow Lord, the Huangdi nei jing, to the first century B.C. or
 its close vicinity, considerably later than most scholars would have dated it before
 the Mawangdui excavations. We can also recognize that it is not one book but a
 collection of diverse writings, many of which disagree and some of which comment
 on others.34

 This reevaluation has already led to new insights about the formation of the
 medical tradition. For instance, although phlebotomy has often been denied a role
 in the origin of acupuncture, Dean Epler (1980) has pointed out that some writings
 in the Inner Canon speak plainly of bloodletting with needles (see also Meng Lei 1981).
 He has hypothesized that they were written earlier than parts of the book in which
 acupuncture merely affects the flow of qi.

 The consequences of this new view of the Inner Canon as a heterogeneous collection

 reverberate from the beginning to the end of the classical tradition. The first com-
 prehensive syntheses of medical doctrine, we can now see, appeared only in the
 Huangdi bashiyi nan jing (second century?), the Huangdi jiayi jing (256/282), and the
 Mai jing (ca. 280). Many concepts used by traditional physicians today appeared or
 evolved in the fourteenth through the seventeenth centuries, a period shrugged off
 as decadent by most Western historians of Chinese medicine. All these new insights

 32 On the well-known Lady of Dai, buried 168 B.C, see especially Hunan Yixueyuan 1980,
 Li Jingwei 1980, Zhao Pushan 1980, and Pokora 1985. The contemporary corpse from Feng-
 huangshan, Hebei, largely intact, is described in Anon. 1975, and a thirteenth-century corpse
 in Zhenjiang Bowuguan et al. 1977. In addition to these celebrated cadavers, over a hundred
 have been excavated since 1949, according to a personal communication from Li Jingwei,
 who in the essay cited above speaks of "mummies, corpses preserved with wax, and desiccated
 cadavers."

 33 For an inventory of excavated medical texts and artifacts from the Neolithic to the Ming,
 see Sakurai 1985. The most important MSS from the burial of 168 (listed in Harper 1982:7-
 14) have been published in Mawangdui 1985. See the varied research papers in Hunan Zhongyi
 Xueyuan 1980-81. A collection of ninety-two wooden strips containing prescriptions and
 other information, probably from the middle of the first century A.D., appears in Gansu Sheng
 Bowuguan et al. 1975. Seven Mawangdui texts, the Wuwei slips, and two later documents
 are translated into Japanese with commentary and related essays in Yamada 1985. Harper
 1982 is an annotated translation of the Mawangdui formulary (see also Unschuld 1982). These
 translations are based on tentative transcriptions of the Mawangdui documents. On the relation
 between daoyin and yoga, see Filliozat 1949.

 34 See the writings of Akahori and Yamada, and He Zongyu 1981. David Keegan, in a
 dissertation in progress, argues that none of the surviving versions of the Inner Canon represents
 even approximately the original arrangement of the text. For good introductions to study of
 the Inner Canon see Ren and Liu 1982 and the briefer Fu Jinghua and Fu Jingchun 1985.

This content downloaded from 142.58.129.109 on Thu, 09 Aug 2018 17:12:43 UTC
All use subject to https://about.jstor.org/terms



 SCIENCE AND MEDICINE IN IMPERIAL CHINA 69

 prepare us to begin writing a realistic history rather than more compilations of old
 myths, old anecdotes, and old summaries.

 Since 1980 textual studies of every sort have cascaded from the Chinese presses-
 not only many general histories but even histories of forensic medicine (Jia Jingtao
 1984) and osteological technology (Wei 1983). A cornucopia of anthologies provides
 aid in finding texts.35 The proliferation of schools within medicine has been greatly
 clarified by the late Ren Yingqiu (1980, 1984; see also Li Congfu and Liu Bingfan
 1983). Biographies and monographs on aspects of medicine in particular dynasties
 have appeared in profusion. Many excellent critical editions of early classics have been
 published (Guojia Chubanju 1980), and even many old manuscripts printed for the
 first time (e.g., Kosoto 198 1). Historical essays are published regularly in a specialized
 journal of high quality (Zhonghua yishi zazhi, Table 2) and a dozen medical journals.

 The harvest of sound reference works has been especially rich-dictionaries and
 encyclopedias of medical literature, ancient authors, concepts, medical disorders, ma-
 teria medica, and many other subjects; bibliographies; source collections; and abstracts
 of and indexes to classical texts. These contributions will be surveyed elsewhere (Sivin
 forthcoming). In the meantime there is an excellent reference handbook (Ji 1986).

 Now let me review some recent directions of research, ranging from traditional
 textual studies to fieldwork on the connections of healing and religion.

 Several trailblazing historical monographs have just been completed. Martha Li
 Chiu (1986), for instance, has analyzed certain categories of mental disorder in the
 Inner Canon of the Yellow Lord and its influence on later medical thought. Her work
 is nuanced, incisive, and well informed about cultural anthropology and mental health
 studies. Other work in the same area includes Hans Agren's (1982) study of traditional
 concepts of psychiatric interest and Arthur Kleinman's field investigation (1986) of
 depression in the People's Republic of China, highly pertinent to the early literature.

 Charlotte Furth (1986) has surveyed classical gynecological writings to provide
 the first discussion of medical authors' views of the female condition between 1600
 and 1850. She relates these occupational attitudes to lay beliefs on which she is already
 an authority. Robert Hymes (1987) has studied voluminous local records between
 the late tenth and the mid-fourteenth century that bear on decisions by members of
 the elite to take up medical careers. He has found that, for the prefecture studied,

 the figure of the gentleman physician becomes important in the Yuan period and not
 earlier. Hymes demonstrates that contradictory speculations about such transitions
 that appeared in earlier writing can be replaced by conclusions from research.

 Particularly significant is a series of short papers published by Miyasita Saburo
 of Osaka from 1976 to 1980 that finds in the twelfth century major shifts in the
 choice of drugs used to treat a variety of representative medical disorders, and suggests
 concomitant shifts in diagnosis over a couple of centuries. Akahori Akira (1986) has
 assessed trends in medical doctrine and practice in the course of the Han period.
 Other scholars have begun to study the long-term development of materia medica
 (Xie Zongwan 1981): Hong Guanzhi (1982), changes in the dosage of drugs; Song
 Zhixing (1983), changes in the theory of drug functions; Wang Xiaotao (1986),

 3 For instance, Zhou Yimou 1983 for medical ethics; Xu Fulin et al. 1985 for therapeutic
 errors; Chen Bangxian 1982 for medical materials in the Standard Histories; Qian Yuanming
 1986 for other nonmedical sources (Yang 1953 is still valuable); Xiao et al. 1986 for the
 great Ming encyclopedia Yongle aS dian; and Duan 1986 and the more compact Liu Zhenmin
 et al. 1980 for excellent anthologies and introductions to the study of ancient documents.
 Ren 1980 provides representative texts for medical theory.
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 changes in drug processing; and Zhou Fengwu (1987), changes in the usage of fifty

 medicinal plants.
 Another important line of research is concerned with the local character of med-

 icine. Special interest attaches to Menghe, Jiangsu, a town long known for its several

 well-known medical families (Huang Huang 1984; Zhang Yuankai 1985; Fu Fang

 1985), and the Zhulin Temple of Xiaoshan, Zhejiang, whose monks have been re-
 nowned since the Northern Song for their special approach to the diagnosis and

 treatment of women's disorders (Zhou Mingdao 1981; Liao 1986; Zhang Yao 1987).
 Xiong Bingzhen (1986) has investigated the local character of pediatrics in the Qing
 period. Additional data for local studies are offered in recent publications on Chinese
 immigrant healers in the American West (Schwarz 1984; Buell and Muench 1984).

 Many studies of local medical education, particularly in the last hundred years, have

 appeared recently (e.g., Huang Jinming and Huang Hanru 1985).
 Despite the difficulties inherent in field studies of medicine, two breakthroughs

 deserve notice. The most illuminating work on Chinese medicine in years is a result

 ofJudith Farquhar's year and a half of participant observation in a college of traditional

 medicine in South China. Farquhar (1986) uses discourse analysis and other anthro-

 pological resources as well as textual study to throw light on how knowledge and

 practice converge in the lifelong experience of the physician. She also provides a

 brilliant analysis of the conceptions that shape clinical encounters, taking her cate-
 gories from her material rather than from European precedents.

 The second breakthrough is Arthur Kleinman's penetrating exploration of

 Chinese patients and healers-traditional and modern doctors, trance healers, di-
 viners, and others in present-day Taiwan. His book outlines an elaborate schema for

 observation, aimed at substituting a model of medicine as a cultural system for the
 prevalent biochemical model (1980:25). This theoretical argument is accompanied

 by rich insight, informed by psychiatric experience and sympathetic concern. The
 writings of Margaret Lock (1980) and Emiko Ohnuki-Tierney (1984) on Japan take

 up research issues that call for comparisons in premodern China.

 Although these studies are not historical, all point the way toward greater pen-
 etration in analysis of the past. For example, Kleinman (1980) sheds light on a topic
 important in late imperial historiograpy: Why and how did patients choose among

 many kinds of healers, from popular priests to elite physicians? How did these varieties
 of practice mesh in one plural system of health care?36 Farquhar (1986) makes an
 overwhelming case for the centrality of practice in traditional medicine, a matter
 often overlooked in bookish studies.

 A number of other nonhistoriographic works are useful. Kaptchuk 1983, a pop-
 ular book, is clear and insightful in many respects despite the author's limited depth
 in Chinese medicine and its history. Students find it helpful as preparation for Pork-
 ert's more demanding exposition. Otsuka 1976 explains Chinese medicine as seen by
 the dean of Japanese practitioners; his tradition diverges greatly from contemporary
 Chinese practice. Wang Yuquan and Song Tianpin 1980 review recent issues in
 medical therapy; Qiu Renzong 1982, in the philosophy of medicine. The primary
 literature of materia medica is introduced in Needham et al. 1954-, vol. 6, Pt. 1
 (1986) and Unschuld 1986a. For contemporary pharmacognosy see C. P. Li 1974
 and Zhuang Zhaoxiang, Guan Peisheng, and Jiang Runxiang 1983, and for Taiwan,
 Yan Kunying 1980a and 1980b.

 36 On modern medical pluralism, see also Kleinman et al. 1975. During the Republican
 period, from the patient's point of view, the M.D. was merely added to the menu.
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 Some of the issues ripest for exploration have to do with the relations of medicine
 to other domains of culture. Several scholars have looked closely at the connection
 with religion. Schipper, in writings mentioned above (1978, 1982), has described
 systematically the many significances of the body in Taoist liturgy and visionary
 meditation. Donald Harper's tour de force of translation and explication (1982) has

 shown that the oldest known collection of Chinese prescriptions, from Mawangdui,
 is as significant a source for early Chinese ritual as it is for the beginnings of therapy.
 Harper (1985, 1987) is continuing to probe the relations of magic, religion, physical
 cultivation, and medicine. Strickmann (1985) is now studying beliefs about illness
 in the Supreme Purity movement.

 Here are a few additional examples of issues that existing methods and tools can

 illuminate. First, a few about which various unpersuasive generalizations have already
 been set down:

 1. The role of Confucians in the evolution of medicine. The fact that doctors
 included conventional moral sentiments or allusions to the Analects in their books
 does not make them Confucian, merely conventional (Sivin 1978). Historians of
 Western medicine have long since learned to define their social categories and go
 on to a prosopography. In this case a definition of "Confucian" might specify ini-
 tiation in a lineage of teaching.

 2. Government control of local medical education and practice. It is well known
 that the imperial government at certain times prescribed provincial curricula, ex-
 aminations, and standards of practice, and even appointed local medical officials
 (Needham 1969:379-95). Private sources do not confirm that this legislation was
 effective (Hymes 1987:9-11, 74-75). We do not know, in fact, how much of it
 was carried out. Nor do we know whether oft-cited Qing legal prohibitions of acu-
 puncture, etc., were enforced or obeyed.

 3. The history of the hospital. Until the twentieth century, European and Amer-
 ican hospitals (with some exceptions) were not primarily therapeutic institutions but
 charitable foundations in which people too poor to be ill at home were given care
 and, to a varying extent, therapy, until they recovered or died. On the basis of
 research largely restricted to Buddhist sources, parallels in China have been asserted
 (Demieville 1937). But what therapy and nursing were provided, and indeed whether
 one can speak of the hospital as an institution, remain to be determined. Recent
 Chinese research has documented the founding of religious and secular hospitals that
 offered medical care, especially by government (e.g., Chen Zhiya 1980; Gong 1987).
 How many were actually operated and how long they lasted remain open questions.

 Second, an assortment from the enormous set of issues about which nothing of sub-
 stance is yet known:

 1. How did patients experience disease and therapy? The classical and popular
 literatures, even the large collections of medical case histories, reflect the practi-
 tioner's point of view. Literature and drama yield some clues, but a broad search of
 other sources is needed (for an interesting discussion of issues and possible sources
 in Qing history see Spence 1975:80-83).

 2. How did traditional physicians group symptoms into syndromes and diseases?
 Nosology differs fundamentally from one culture to another, and illness is a social
 as well as a biological phenQmenon. Students of cross-cultural medicine and psy-
 chiatry have been aware for some time of disorders peculiar to one or more cultures
 (Simons and Hughes 1985), and such disorders have been studied in Chinese en-
 vironments (Topley 1970; Kleinman 1980, 1986). In recent years the interaction
 of modern and traditional medicine has blurred the differences in their use of shared
 technical terms. Re, for instance, which in modern medicine means "fever," tra-
 ditionally referred to the patient's feeling of abnormal inner heat, the opposite of
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 han, or "chills." Both re and han would be considered symptoms of fever in the
 modern sense of elevated body temperature. Recent textbooks of traditional medicine
 define re in the modern sense, along with many other diagnostic concepts (Sivin
 1987). A survey on historical principles of ancient terminology is best done while
 physicians experienced in traditional diagnosis are still available to collaborate. Gao
 Jinglang has already compiled a historical survey of pediatric terminology (1982).

 3. How was the efficacy of drug therapy affected by the nutritional states of
 patients? Nutrition in imperial times has hardly been studied.37 It would be naive
 to assume that even the rich and powerful ate balanced diets. For a patient who has
 lost much blood or whose diet has been deficient in protein, milk or meat in sub-
 stantial doses can be a wonder drug.

 4. How much did medical care cost? What were healers paid? How did the
 cost of drugs vary by region and era? How were medical markets organized and
 articulated? An obvious beginning for such studies is the Maritime Customs Reports
 of the late nineteenth century, travelers' reports, and accounts of drugs sent from
 localities to the imperial court as tribute (Gordon 1884; Englisch 1976; Guan Liiquan
 1982). Centers of the drug trade have already been studied by, among others, Ni
 Yunzhou (1984) and Mei Kaifeng and Yu Bolang (1985).

 5. What can we learn from medicine about the character of childhood in early
 China? This topic is as culture-specific as gender. Furth's (1986, 1987) and Leung's
 (1984) studies of women's ailments, childbirth, and infancy provide a model for
 historical research using the abundant technical record. Barbara Volkmar in Munich
 is now mining the pediatric literature and at the same studying contemporary clinical
 pediatrics as a participant-observer.

 Conclusions

 What will determine the quality of future studies is the quality of the scholars
 at work, their ability to meet the best standards in their disciplines-whether one
 or several, whether anthropology, history, philology, or sociology-and their ability
 to draw on our evolving understanding of Chinese culture and of science. The rate
 of advance does not depend on the number of experts. There is no shortage of research
 in progress on familiar topics. Few specialists are working at the frontiers. Three
 areas seem to me crucial for increasing the number of innovators: better reference
 materials, better training, and uniformly high standards of publication.

 Reference works can facilitate controlling the primary sources of all the sciences,
 just as the sinological indexes and concordances of the 1930s and 1940s made phil-
 osophical and literary classics readily accessible for any purpose. In addition to the
 examples already given for medicine, a single index of technical terms and numeric
 constants in the surviving astronomical treatises would be a manageable task.38 A
 small group could easily compile a historical glossary or dictionary of all mathematical
 terms up to the Ming, or one of all technical language in siting. Hoshi Ayao's glossary-
 index of early Chinese economic terms (1966) is a possible model.

 The history of the Chinese sciences has now evolved to the point that standards
 exist and regularly are being met. Well-wishers in Europe and the New World might

 37 dynasty-by-dynasty surveys in Chang 1977 emphasize cuisine and rarely consider
 nutrition.

 381 have prepared sample indexes for the astronomical systems of 1127, 1180, and 1280
 and will furnish copies to anyone interested in this project.
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 encourage talented and strongly motivated students to seek out a systematic graduate
 program that can guide them to mastery of all the pertinent disciplines.

 There is a frontier of research. It is well populated and vigorous. Everyone can
 contribute to extending it.
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 CLARK, DAVID H., and F. RICHARD STEPHENSON. 1977. The Historical Supernovae. London: Per-
 gamon Press.

 CLEMENT, SOPHIE, ET AL. 1982. Architecture du paysage en Asie orientale: Du fengshui comme mod*le

 conceptuel et commepratique dharmonisation bh^ti-paysage [Landscape architecture in East Asia: On siting

 as conceptual model and as a practice -for harmonizing landscape architecture). Paris: Centre

 d'Etudes et de Recherches Architecturales de l'Ecole Nationale Sup6rieure des Beaux-arts. Includes

 site studies, mainly in South Korea.

 COOPER, WILLIAM C., and NATHAN SIVIN. 1973. "Man as a Medicine: Pharmacological and Ritual
 Aspects of Traditional Therapy Using Drugs Derived from the Human Body." In Nakayama and
 Sivin 1973:203-72.

 CORSI, PIETRO, and PAUL WEINDLING, eds. 1983. Information Sources in the History of Science and
 Medicine. Butterworths Guides to Information Sources. London: Butterworth Scientific. Includes
 excellent critical essays on methodology, use of various disciplines, and bibliography. Purview

 mainly British and European scholarship. On China, see Cullen 1983.

 CULLEN, CHRISTOPHER. 1980. "Was There a Maunder Minimum?" Nature 283:427-28.

 1982. "An Eighth Century Chinese Table of Tangents." CS 5:1-33.

 1983. "Science and Medicine in China." In Corsi and Weindling 1983:476-99. Introductory

 survey, oriented toward bibliography of secondary sources.

 DEANE, THATCHER. Forthcoming. "China, People's Republic of." Contribution to Howse forthcom-
 ing.
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 DEMIEVILLE, PAUL. 1937. "Byo" [Medical disorders]. Hobogirin 3:224-65. Translation by Mark Tatz
 in Buddhism and Healing: Demie'ville's Article "Byo" from Hobogirin. Lanham, Md.: University Press
 of America, 1985.

 DENG GUANGMING and CHENG YINGLIU, eds. 1982. Song shi yanjiu lunwenji [Essays on Song history;
 supplement to Zhonghua wen shi luncong]. Shanghai: Shanghai Guji Chubanshe. Papers from a 1980
 Shanghai conference.

 DESPEUX, CATHERINE, trans. 1987. Prescriptions d'acuponcture valant mille onces d'or: Trait6 d'acuponcture

 de Sun Simiao du VlIe sikle [Acupuncture prescriptions worth 1,000 ounces of gold: A 7th-century
 acupuncture treatise by Sun Simiao]. Paris: Guy Tredaniel. Translation of Bei ji qian jin yao fang,
 zhuan 29-30.

 DEWOSKIN, KENNETH J. 1983. Doctors, Diviners, and Magicians of Ancient China. Biographies of Fang-

 shih. Translations from the Oriental Classics 40. New York: Columbia University Press. Trans-
 lations from standard histories of the Later Han, Three Kingdoms, and Jin.

 DOBEREINER, PETRA. 1980. Die chinesische und die abendlindische Astrologie: Ein Vergleich zwischen den

 ferndstlichen und den Europaischen Tierkreiszeichen [Chinese and western astrology: A comparison be-

 tween Far Eastern and European zodiacal signs]. Munich: Heyne.

 Du SHIRAN and MEI RONGZHAO. 1982. "Ping Li Yuesi zhu 'Zhongguo kexue jishu shi' yishu de
 shuxue bufen" [Review of the section on mathematics in Joseph Needham's Science and Civilisation
 in China]. KW 8:1-9.

 DUAN YISHAN, ed. 1986. Yi guwen [Medical classical Chinese]. Beijing: Renmin Weisheng Chu-
 banshe. A massive collection for reference by teachers.

 DURBIN, PAUL T., ed. 1980. A Guide to the Culture of Science, Technology, and Medicine. New York:
 Free Press. History, philosophy, sociology, and policy studies, with surveys of issues and books

 by leading North American authorities. See Thackray 1980.

 EDMUNDS, CHARLES KEYSER. 1911. Science Among the Chinese. Some Aspects of the Chinese Conception of

 the Universe as Compared with Modern Scientific Knowledge. Pamphlet reprinted from North-China Daily

 News, July, 1911. Original issues for this month not available.

 ELIADE, MIRCEA. 1956. Forgerons et alchimistes. Paris: Flammarion, Editeur. English translation, The
 Forge and the Crucible. New York: Harper and Row, 1962. On the worldwide roots of alchemy in
 metallurgy and ritual.

 . 1968. "The Forge and the Crucible: A Postcript." History of Religions 8, no. 1:74-88.
 ELLIOTT, ALAN J. A. 1955. Chinese Spirit Medium Cults in Singapore. London: Royal Anthropological

 Institute. Classic field study.

 ELMAN, BENJAMIN. 1984. From Philosophy to Philology: Intellectual and Social Aspects of Change in Late

 Imperial China. Harvard East Asian Monographs 110. Cambridge, Mass.: Harvard University,
 Council on East Asian Studies.

 ELVIN, MARK, ET AL. 1980. "Symposium: The Work of Joseph Needham." Past and Present 87:17-
 53.

 ENGLISCH, GUNTER. 1976. "Drogen und Drogenhandel in den Ostasien-Reiseberichten des Mittel-

 alters" [Drugs and the drug trade in medieval travel accounts]. Pharmazeutische Zeitung 121:125 1-
 53.

 EPLER, DEAN C. 1980. "Blood-letting in Early Chinese Medicine and Its Relation to the Origin of
 Acupuncture." Bulletin of the History of Medicine 54:337-67.

 FAIRBANK, JOHN KING. 1983. The United States and China. The American Foreign Policy Library.
 4th ed. Cambridge, Mass.: Harvard University Press.

 [FAN DAINIAN ET AL., eds. ). 1983. Kexue chuantongyu wenhua-Zhongguojindai kexue luohou de yuanyin

 [Scientific traditions and culture: Reasons for the backwardness of modern Chinese science]. Xi'an:
 Shaanxi Kexue Jishu Chubanshe. Proceedings of a conference held in Chengdu, October 1982. 24
 historical essays that adduce -a very long list of reasons, stressing the low status of intellectuals,

 persecution of nonconformists, feudal economic policies, and administrative rigidity.

 FAN XINGZHUN. 1960. Zhongguo yixue shi lue [Outline of the history of Chinese medicine]. Beijing:
 The author. Rev. ed. Beijing: Zhongyi Guji Chubanshe, 1986.

 FARQUHAR, JUDITH BROOKE. 1986. "Knowledge and Practice in Chinese Medicine." Ph.D. diss.,
 University of Chicago.

 FILLIOZAT, JEAN. 1949. "Taoisme et Yoga." Dan Viet Nam 3:113-20.
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 FRASER, J. T., ET AL., eds. 1986. Time, Science, and Society in China and the West: The Study of Time,

 5. Amherst: University of Massachusetts Press. Papers from a triennial conference of the Inter-

 national Society for the Study of Time, including nine on China.

 Fu FANG. 1985. "Menghe yi pai yuanliu" [History of the medical lineages of Menghe). Zhongyi nianjian
 441-42.

 Fu JINGHUA and Fu JINGCHUN. 1985. "Nei jing xu lu" [Informal introduction to the Inner Canon).

 In Wang Qi 1985:16-81. Systematic, with extensive bibliography.

 FUKUI FUMIMASA. 1977. "Doshi to dojin: Sono gogi shi" [Daoshi and daoren-the history of their

 meanings). Toyj hunka 57:1-17. See Sakai and Fukui 1977.

 FURTH, CHARLOTTE. 1986. "Blood, Body and Gender: Medical Images of the Female Condition in

 China, 1600-1850." CS 7:43-66.

 . 1987. "Concepts of Pregnancy, Childbirth, and Infancy in Ch'ing Dynasty China." TheJournal

 of Asian Studies 46, no. 1:7-35.

 GANSU SHENG BOWUGUAN [GANSU PROVINCIAL MUSEUM] ET AL., eds. 1975. Wuwei Han dai

 yi jian [Han medical documents on wooden slips from Wuwei, Gansu]. Beijing: Wenwu Chu-
 banshe.

 GAO JINGLANG. 1982. Gudai erke jibing xin lun [New discussion of ancient pediatrics). 2d ed. Shanghai:

 Shanghai Kexue Jishu Chubanshe. Originally published 1954, thoroughly revised.

 GELLNER, ERNST. 1973. "The Savage and the Modern Mind." In Horton and Finnegan 1973:162-

 181.

 GERNET, JACQUES. 1982. Chine et christianisme: Action et r6action. Paris: Editions Gallimard. References

 are to English translation by Janet Lloyd. China and the Christian Impact: A Conflict of Cultures.
 Cambridge: Cambridge University Press, 1985.

 GILLISPIE, CHARLES C., ed. 1970-80. Dictionary of Scientific Biography. 16 vols. New York: Charles

 Scribner's Sons. An epitome of the history of science in biographical form.

 GONG CHUN. 1987. "Mingdai junyi zuzhi de tedian" ["Characteristics of the military medical or-

 ganizations in the Ming dynasty"). ZYZ 17, no. 1:8-10.

 GORDON, C. A. 1884. An Epitome of the Reports of the Medical Officers of the Chinese Imperial Maritime
 Customs Service, from 1871 to 1882.... London: Bailliere, Tindall, and Cox.

 GRAHAM, A. C. 1986. Yin-Yang and the Nature of Correlative Thinking. Occasional Paper and Mon-

 ograph Series 6. Singapore: Institute of East Asian Philosophies. A philosophic analysis, with

 attention to pre-Han history of yin-yang and the Five Phases.

 GUAN HONGYE and HUA JUEMING. 1983. "Research on Han Wei Spheroidal-graphite Cast Iron."

 Foundry Trade Journal International 5, 17:89-94. Illustrated.

 GUAN LUQUAN. 1982. "Songdai Guangzhou xiangyao maoyi shi shu" [A historical account of the

 incense and medicine trade in Guangzhou in the Song period]. In Deng and Cheng 1982:280-
 310.

 GUANGZHOU BUDUI HOUQIN Bu WEISHENG Bu [PUBLIC HEALTH SECTION, REAR SUPPORT

 UNITS, GUANGZHOU COMMAND) ET AL., eds. 1972. Xin bian Zhongixue gai yao [Revised outline

 of Chinese medicine). Beijing: Renmin Weisheng Chubanshe. Partially translated in Sivin 1987.

 Guo AICHUN. 1984-. Zhongguofensheng iji kao [Chinese medical books classified by province. 2 vols.
 Tianjin: Tianjin Kexue Jishu Chubanshe. Based on gazetteers; fullest medical bibliography so far.

 Guo SHUCHUN. 1983. "Liu HuiJiu zhang suan shu zhu zhong de dingyi ji yanyi luoji shi xi" [Tentative

 analysis of the definitions and deductive logic in Liu Hui's annotations to Nine Chapters on the

 Mathematical Art]. ZKY 2, no. 3:193-203.
 GuoJIA CHUBANJU [NATIONAL PUBLICATION ADMINISTRATIVE BUREAU), eds. 1980. Guji mulu:

 1949 nian 10 yue zhi 1976 nian 12 yue [Catalogue of ancient books reprinted October 1949-

 December 1976). Beijing: Zhonghua Shuju. Lists all reprints of premodern books, with notes on

 sizes of editions and annotations. See the section on medical books, pp. 390-492.

 HARPER, DONALD J. 1982. "The 'Wu Shih Erh Ping Fang': Translation and Prolegomena." Ph.D.
 diss., University of California, Berkeley.

 . 1985. "A Chinese Demonography of the Third Century B.C." HarvardJournal of Asiatic Studies

 45, no. 2:459-98.

 . 1987. "The Sexual Arts of Ancient China as Described in a Manuscript of the Second Century

 B.C." Harvard Journal of Asiatic Studies 47, no. 2.
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 HASHIMOTO KEIZO. 1979. "Seido no shis6 to dento Chuigoku no tenmongaku" [Ideas of precision

 and traditional Chinese astronomy]. Kansai Daigaku Shakaigakubu kiyo 11, no. 1:93-114.
 . 1985. "The Process of the Chinese Acceptance of Western Astronomy, 1629-1635," Ph.D.

 diss., University of Cambridge.

 HE BINGYU [Ho PENG YOKE) and ZHAo LINGYANG. 1986. Ming shilu zhong zhi tianwen ziliao
 [Astronomical data in the Veritable Records of the Ming]. 2 vols. Hong Kong: Hong Kong
 University, Department of Chinese. Extracts.

 HE GUANBIAO and HE BINGYU. 1985. Dunhuang canjuan Zhan yunqi shu yanjiu ["The Dunhuang
 MS Observation of clouds and 'vapors"'). Taibei: Yiwen Yinshuguan. On a MS of the early 10th

 century on military portents.

 HE ZONGYU. 1981. "Mawangdui yi shu kaozheng yishi wenti tantao" [Study of the translation,

 interpretation, and explication of medical works unearthed at Mawangdui"). ZYZ 11, no. 2:125-

 27.

 HENDERSON, JOHN B. 1984. The Development and Decline of Chinese Cosmology. Neo-Confucian Studies.

 New York: Columbia University Press.

 HIGHTOWER, JAMES R. 195 1. Review of Ilza Veith, The Yellow Emperor's Classic of Internal Medicine

 (Baltimore: Williams and Wilkins, 1948). HarvardJournal of Asiatic Studies 14, nos. 1-2:306-

 12.

 Ho PENG YOKE (HE BINGYU). 1962. "Ancient and Medieval Observations of Comets and Novae

 in Chinese Sources." Vistas in Astronomy 5:127-225.

 . 1977. Modern Scholarship on the History of Chinese Astronomy. Occasional Papers 16. Canberra:

 Australian National University, Faculty of Asian Studies.

 Ho PENG YOKE and ANG TIAN-SE (HONG TIANCE). 1970. "Chinese Astronomical Records on

 Comets and 'Guest Stars' in the Official Histories of Ming and Ch'ing and Other Supplementary

 Sources." Oriens Extremus 17:63-99.

 HOLLIS, MARTIN, and STEVEN LUKES, eds. 1982. Rationality andRelativism. Oxford: Basil Blackwell.

 HONG GUANZHI. 1982. "Shi lun fangyao jiliang jingu yitong yu linchuang shijian" [Variations in

 dosage and their clinical use in ancient and modern times). ZYZ 12:71-74.

 HORTON, ROBIN. 1967. "African Traditional Thought and Western Science." Africa 37:50-71, 155-

 57. See also Horton and Finnegan 1973.

 . 1982. "Tradition and Modernity Revisited." In Hollis and Lukes 1982:201-61.

 HORTON, ROBIN, and RUTH FINNEGAN, eds. 1973. Modes of Thought: Essays on Thinking in Westetn
 and Non-Western Societies. London: Faber and Faber.

 HOSHI AYAO. 1966. Chugoku shakai keizai shi go'i [Glossary of Chinese social and economic history).

 Tokyo: Toyo Bunko, Kindai Chugoku Kenkyiu Senta.

 HOWSE, DEREK. Forthcoming. The Greenwich List of Observatories: A World List of Astronomical Obser-

 vatories, Instruments, and Clocks, 1670-1850. Tabular summary inJoumal of the History of Astronomy

 17, no. 4(1986):1-100.

 Hsu, FRANCIS L. K. 1952. Religion, Science and Human Crises: A Study of China in Transition and Its
 Implications for the West. International Library of Sociology and Social Reconstruction. London:
 Routledge and Kegan Paul.

 HUA JUEMING. 1982. "Han Wei gao qiangdu zhutie de tantao" [Explorations of high-strength cast

 iron in the Han and Wei periods). ZKY 1, no. 1:1-20.

 . 1985. "Shilafa de qiyuan he fazhan" [The origin and development of the lost wax process in

 China). KW 13:63-81.

 HUA JUEMING ET AL. 1986. Zhongguo yezhu shi lunji [Essays on the history of Chinese smelting and

 metalworking). Beijing: Wenwu Chubanshe. 23 essays published 1960-85.
 . 1987. "Zhongguo shanggu jinshu wenhua de jishu, shehui tezheng" [Technical and social

 characteristics of metal culture in archaic China). ZKY 6, no. 1:66-72.

 HUA JUEMING and WANG ANCAI. 1985. "Chuantong rongmo zhuzao gongyi de diaocha he fuyuan
 shizhi" [Investigation and trial reproduction of traditional technology for investment casting). KW

 13:54-62.

 HUANG HUANG. 1984. "Jiangsu Menghe yipai de xingcheng he fazhan" [On the formation and

 development of the Menghe medical lineages). ZYZ 14, no. 2:65-71.
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 HUANG JINMING and HUANG HANRU. 1985. "Guangxi xiandai Zhongyi xuexiao jiaoyu" [Education

 in modern schools of traditional medicine in Guangxi province). ZYZ 15, no. 4:206-8.

 HUANG SHENGZHANG, ed. 1986. Yazhou wenming luncong ["Asian civilization: A symposium").
 Chengdu: Sichuan Renmin Chubanshe.

 HUANG, Y. L. (YILONG), and G. H. MORIARTY-SCHIEVEN. 1987. "A Revisit to the Guest Star

 of A.D. 185." Science 235:59-60.

 HUNAN YIXUEYUAN [HUNAN COLLEGE OF MEDICINE), eds. 1980. Mawangdui yihao Han mu: Gu

 shi yanjiu [Han tomb no. 1, Mawangdui: Studies of the ancient corpse). Beijing: Wenwu Chu-
 banshe. English summary, pp. 335-46.

 HUNAN ZHONGYI XUEYUAN [HUNAN COLLEGE OF TRADITIONAL CHINESE MEDICINE], eds.
 1980-81. Mawangdui yishu yanjiu zhuankan [Research monographs on the Mawangdui medical

 writings]. 2 vols. Changsha: The compilers.

 HYMES, ROBERT P. 1987. "'Not Quite Gentlemen': Physicians in the Sung and Yuan." CS 8:9-76.

 IMOTO SUSUMU and HASEGAWA ICHIRO. 1958. "Historical Records of Meteor Showers in China,

 Korea, and Japan." Smithsonian Contributions to Astrophysics 2, no. 6:131-44.

 JAMI, CATHERINE. 1985. Etude du livre 'Methodes rapides de trigonometrie et du rapport pre'cis du cercle' de

 Ming Antu (?-1 765?) [A study of Minggantu's book Rapid methods for trigonometry and precise circle

 proportions). Diss. for doctorat de 3e cycle, University of Paris.

 JI WENHUI. 1986. Zhongyi wenxian jiansuo shiyong shouce [Practical reference handbook for Chinese

 medical sources]. Nanjing: Jiangsu Kexue Jishu Chubanshe. The best of several recent guides to
 research tools.

 JIA DEDAO. 1979. Zhongguo yixue shi lIe [Outline history of Chinese medicine). Taiyuan: Shanxi Renmin
 Chubanshe. Substantial introductory history.

 JIA JINGTAO. 1984. Zhongguo gudaifayixue shi [History of ancient Chinese forensic medicine). Beijing:

 Qunzhong Chubanshe.

 JIN GUANTAO ET AL. 1983. "Wenhua beijing yu kexue jishu jiegou de yanbian" [Cultural background

 and the evolution of scientific and technological structure). In Fan Dainian et al. 1983:1-105.

 English summary, "The Evolution of Chinese Science and Technology," in Fraser et al. 1986:170-

 80.

 JORDANOVA, L. J. 1983. "The Social Sciences and the History of Science and Medicine." In Corsi
 and Weindling 1983:81-96.

 KALINOWSKI, MARC. 1983. "Les instruments astro-calenderiques des Han et la methode liu jen" [Han
 astro-calendrical instruments and the liu ren technique). Bulletin de l'E1cole Franfaise d'Extrbme-orient

 72:309-416.

 KAPTCHUK, TED J. 1983. The Web That Has No Weaver: Understanding Chinese Medicine. New York:
 Congdon and Weed.

 KEEGAN, DAVID. Forthcoming. "The Forms of a Tradition: The Structure and History of the Huang-

 ti nei-ching." Ph.D. diss., University of California, Berkeley. Separates the different texts brought

 together in the Huangdi nei jing and their combinations in various versions. Differs from Yamada

 1979b and other Japanese publications in its concern for texts rather than schools.

 KEIGHTLEY, DAVID N., ed. 1983. The Origins of Chinese Civilization. Studies on China, 1. Berkeley:

 University of California Press. Papers from a 1978 conference.

 KIANG, T. 1972. "The Past Orbit of Halley's Comet." Memoirs of the Royal Astronomical Society 76:27-

 66.

 KLEINMAN, ARTHUR. 1980. Patients and Healers in the Context of Culture: An Exploration of the Borderland

 between Anthropology, Medicine, and Psychiatry. Comparative Studies of Health Systems and Medical

 Care 3. Berkeley: University of California Press.

 . 1986. Social Origins of Distress and Disease: Depression, Neurasthenia, and Pain in Modern China.

 New Haven: Yale University Press.

 KLEINMAN, ARTHUR, ET AL., eds. 1975. Medicine in Chinese Cultures: Comparative Studies of Health
 Care in Chinese and Other Societies. Washington: John E. Fogarty International Center for Advanced

 Study in the Health Sciences. Papers from a conference held at Seattle, February 1974.

 KLEINMAN, ARTHUR, and TSUNG-YI LIN, eds. 1981. Normal and Abnormal Behavior in Chinese
 Culture. Culture, Illness, and Healing: Studies in Comparative Cross-Cultural Research 2. Dor-

 drecht: D. Reidel.
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 KoSOTo HIROSHI, ed. 1981. Tjyj igaku zenpon sosho [Collected rare books on Oriental medicine). 8

 vols. Osaka: Toyo Igaku Kenkyakai. Photographic reprints of extremely important, unique editions

 of Chinese classics from Japanese collections; vol. 8 includes a variety of indexes and studies.

 Indispensable.

 KUHN, THOMAS S. 1962. The Structure of Scientific Revolutions. Chicago: University of Chicago Press.
 2d ed., 1970.

 LAYTON, EDWIN T., JR. 1976. "Technology and Science, or 'Vive la petite difference."' PSA: Pro-

 ceedings of the Biennial Meeting of the Philosophy of Science Association 2:173-85.

 LEIBNIZ, GOTTFRIED WILHELM. 1977. Discourse on the Natural Theology of the Chinese. Monographs

 of the Society for Asian and Comparative Philosophy 4. Trans. by Henry Rosemont, Jr., and

 Daniel J. Cook. Honolulu: University Press of Hawaii. From a MS of 1716.

 LEITES, EDMUND. 1978. "China and the European Enlightenment: Recent Research in the United

 States." Comparative Civilizations Bulletin 7, nos. 1-2:17-26.

 LEUNG, ANGELA KICHE. 1984. "Autour de la naissance: La mere et l'enfant en Chine aux XVIe et

 XVIIe siecles" [Childbirth: Mother and child in 16th- and 17th-century China). Cahiers inter-

 nationaux de sociologie 76:51-69.

 LEVY-BRUHL, L. 1910. Les fonctions mentales dans les societes inferieurs. Paris: Alcan. Translation by
 L. A. Clare, How Natives Think. London, Allen and Unwin, 1926. "Chinese ... arrested devel-

 opment .., has produced immense encyclopaedias of astronomy, physics, chemistry, physiology,

 pathology, therapeutics, and the like and yet to our minds all this is nothing but balderdash" (p.

 380).

 LI, C. P. 1974. Chinese Herbal Medicine. Bethesda, Md.: John E. Fogarty International Center for

 Advanced Study in the Health Sciences. Informative introduction to drugs in current use, written

 mainly for medical researchers.

 LI CONGFU and LIU BINGFAN. 1983. Jin Yuan si da yijia xueshu sixiang zhi yanjiu [Studies of the

 academic thought of the four great physicians of the Jin and Yuan periods). Beijing: Renmin

 Weisheng Chubanshe.

 LI DI. 1982. "Liu Hui de shuxue tuili fangfa" [Liu Hui's methods of inference in mathematics). In

 Wu 1982:95-104.

 LI DI and BAI SHANGSHU. 1981. "Gugong Bowuyuan suo cang keji wenwu gai shu" [Scientific and

 technological artifacts in the Palace Museum: A summary). Zhongguo keji shiliao 1:95- 100. Enum-
 erates early finds.

 . 1984. "Kangxi chao diqiuyi" [Terrestrial globes of 1662-1722). GBY 2:64-69. See also Bai

 and Li 1980.

 LI GUOHAO ET AL., eds. 1982. Explorations in the History of Science and Technology in China: A Special

 Number of the "Collections of Essays on Chinese Literature and History." Shanghai: Shanghai Chinese

 Classics Publishing House. Festschrift for the 80th birthday of Joseph Needham.

 LI JINGWEI. 1980. "Zhongguo gudai shiti fangfu de tantao" [Study of the preservation of corpses

 against decay in ancient China). ZYZ 1:21-26.

 LIAO YUQUN. 1986. "Xiaoshan Zhulinsi nuke kaoliie" [On the treatment of women's disorders at the

 Zhulin Temple of Xiaoshan]. ZYZ 16, no. 3:159-161.
 LIU BoJI. 1974. Zhongguo yixue shi [History of Chinese medicine). Huagang congshu. 2 vols. Taibei:

 Huagang Chubanbu. The most detailed of the old-style histories.

 LIU ZHENMIN ET AL., eds. 1980. Yiguwen jichu [Foundations of medical classical Chinese]. Beijing:
 Renmin Weisheng Chubanshe. Textbook for schools of traditional medicine.

 LOCK, MARGARET. 1980. East Asian Medicine in Urban Japan: Varieties of Medical Experience. Com-

 parative Studies of Health Systems and Medical Care 4. Berkeley: University of California Press.

 LU GWEI-DJEN and JOSEPH NEEDHAM. 1980. Celestial Lancets: A History and Rationale of Acupuncture

 and Moxa. Cambridge: Cambridge University Press.

 LUO BAORONG and LI WEIBAO. 1978. "Cong woguo gudai jiguang, dizhen jilu de zhouqi fenxi kan

 taiyangheizi zhouqi de wendingxing" [On the stability of sunspot periods as seen from the analysis

 of ancient Chinese aurora and earthquake records). Kexue tongbao 23, no. 6:362-66.

 LUO XIWEN, trans. 1986. Treatise on Febrile Diseases Caused by Cold (Shanghan lun) by Zhang Zhongjing.

 Beijing: New World Press.
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 trans. 1987. Synopsis of Prescriptions of the Golden Chamber. Beijing: New World Press. Deficient

 in classical Chinese and English.

 MA BOYING. [1982). Zhongwai yixue shi jiangyi [Lectures on the history of Chinese and foreign
 medicine). 3 vols. 1: History of Chinese medicine. 2: History of medicine outside China. 3:
 Development of Chinese medicine after the importation of Western medicine. Shanghai: Shanghai

 Diyi Yixueyuan.

 MA JIXING. [ 1982). Zhongyi wenxianxue jichu [Foundations of the study of Chinese medical literature).
 [Beijing: Zhongyi Yanjiuyuan.) Magisterial study of the authenticity, filiation, and interrelation-

 ships of important texts, esp. Song and earlier.

 McNEILL, WILLIAM H. 1964. The Rise of the West. A History of the Human Community. Chicago:
 University of Chicago Press.

 1977. Plagues and Peoples. Garden City, N. Y.: Doubleday.

 1984. The Pursuit of Power: Technology, Armed Force and Society since A.D. 1000. Chicago: Uni-

 versity of Chicago Press.

 MAEYAMA YASUKATSU. 1975-76. "On the Astronomical Data of Ancient China (ca. - 100 - + 200):

 A Numerical Analysis." Archives internationales d'histoire des sciences 25:247-76, 26:27-58.

 . 1977. "The Oldest Star Catalogue of China, Shih Shen's Hsing ching." In Maeyama and Salzer

 1977:211-45.

 MAEYAMA YASUKATSU and W. G. SALZER, eds. 1977. Prismata: Naturwissenschaftgeschichtliche Stu-
 dien-Festschriftfur Willy Hartner [Sawn pieces: Studies in the history of science dedicated to Willy

 Hartner]. Wiesbaden: Franz Steiner Verlag.
 MARCH, ANDREW L. 1968. "An Appreciation of Chinese Geomancy." The Journal of Asian Studies

 27:253-67.

 MARTZLOFF, JEAN-CLAUDE. 1980. "La comprehension chinoise des methodes demonstratives eucli-
 diennes au cours du XVIIe siecle et au debut du XVIIIe" [Chinese understanding of Euclid's
 methods of proof during the 17th and early 18th centuries). In Anon. 1980:125-43.

 1981a. Recherchessurl'oeuvremathe'matiquedeMei Wending(1633-1721) [Studies of Mei Wend-

 ing's mathematical work). Memoires de l'Institut des Hautes Etudes Chinoises 16. Paris: Institut

 des Hautes Etudes Chinoises.

 . 198 lb. "La geometrie euclidienne selon Mei Wending" [Euclidean geometry according to Mei

 Wending). Historia scientiarum 21:27-42.
 . 1985. "Apercu sur I'histoire des mathematiques chinoises telle qu'elle est pratiquee en Re-

 publique Populaire de Chine" [Brief account of the history of Chinese mathematics as it is practiced
 in the People's Republic of Chini). Historia scientiarum 28:1-30. Review essay with over 250

 citations.

 MASPERO, HENRI. 1937. "Les procedes de 'nourrir le principe vital' dans la religion taoiste ancienne"
 [Techniques for "nourishing the vital principle" in the ancient Taoist religion]. Journal asiatique

 229:177-252, 353-430.

 MAWANGDUI HAN Mu Bo SHU ZHENGLI XIAO Zu [WORKING GROUP FOR THE SILK MSS FROM

 THE HAN TOMBS AT MAWANGDUI, HUNAN), eds. 1979. Mawangdui Han mu bo shu: Wushier

 bing fang [Silk MSS from the Han tombs at Mawangdui. Prescriptions for fifty-two ailments).
 Beijing: Wenwu Chubanshe. Transcriptions of 5 MSS, accompanied by 3 scholarly essays.

 1985. Mawangdui Han mu bo shu [Silk MSS from the Han tombs at Mawangdui). Vol. 4.
 Beijing: Wenwu Chubanshe. Photographs and transcriptions of 15 texts on silk and bamboo related
 to medicine and hygiene. Does not reprint essays in the 1979 book.

 MAZUMDAR, SUCHETA. 1984. "A History of Sugar Industry in China: The Political Economy of a

 Cash Crop in Guangdong 1644-1834." Ph.D. diss., University of California, Los Angeles.

 MEI KAIFENG and Yu BOLANG. 1985. "'Jianchangbang' Zhongyao ye jianshi" [A concise history of

 the Jianchang, Jiangxi, medicinal drug trade). ZYZ 15, no. 1:29-30.

 MENG LEI. 1981. "Zhenjiu fang xue liao fa yuanliu shu yao" [Epitome of the origin and development

 of phlebotomy). ZYZ 11, no. 1:32-34.

 MENG NAICHANG. 1983. "Zhouyi can tong qi de shiyan he lilun" [Concordance of the Three (attributed

 to A.D. 142)-experiment and theory). Taiyuan Gongxue Yuan xuebao 3:129-46.
 MERTON, ROBERT K. 1970. Science, Technology, and Society in Seventeenth Century England. New York:

 Howard Fertig. Reprinted from Osiris 4, pt. 2 (1938):360-632, with a new preface cited here.
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 MINAKATA KUMAGUSU. 1971-75. Minakata Kumagusu zenshu [Collected works]. 10 vols. + 2 vols.
 of supplements. Tokyo: Heibonsha. Papers published over a long career in ethnology.

 MIYASITA [MIYASHITA) SABURO. 1967. "A Link in the Westward Transmission of Chinese Anatomy

 in the Later Middle Ages." Isis 58, no. 4:486-90. Reprinted in Sivin 1977:200-204.

 . 1976. "A Historical Study of Chinese Drugs for the Treatment of Jaundice." American Journal

 of Chinese Medicine 4, no. 3:239-43. This important series of essays (1976-80) is mainly concerned

 with historical changes in drugs of choice for various remedies. This item and Miyasita 1980 are

 sometimes confusing because of careless editing.

 1977. "A Historical Analysis of Chinese Formularies and Prescriptions: Three Examples." NIZ

 23, no. 2:283-300.

 . 1979. "Malaria (yao) in Chinese Medicine during the Chin and Yuan Periods." Acta asiatica

 36:90-112. The word for malaria is usually romanized as nueh.

 . 1980. "An Historical Analysis of Chinese Drugs in the Treatment of Hormonal Diseases,

 Goitre, and Diabetes Mellitus." American Journal of Chinese Medicine 8, no. 1:17-25.

 MORGAN, L. G. 1933. The Teaching of Science to the Chinese. Hong Kong: Kelly and Walsh.

 MORITA DEN'ICHIRO. 1985. Chugoku kodai igaku shiso no kenkyu [Studies of ancient Chinese medical

 thought]. Tokyo: Yiuzankaku. Miscellaneous essays on medicine through the Han.

 MUNGELLO, DAVID E. 1972. "On the Significance of the Question 'Did China Have Science?"' Phi-

 losophy East and West 22, no. 4:467-78. See the critique in ibid. 23, no. 3(1973):413-22.
 1977. Leibniz and Confucianism: The Search for Accord: Honolulu: University Press of Hawaii.

 1979. "Some Recent Studies on the Confluence of Chinese and Western Intellectual History."

 Journal of the History of Ideas 40:649-62.

 MURRAY, LAURA. 1985. "New World Food Crops in China: Farms, Food, and Families in the Wei

 River Valley, 1650-1910." Ph.D. diss., University of Pennsylvania.

 NAKAYAMA SHIGERU. 1966. "Characteristics of Chinese Astrology." Isis 57:442-54. Reprinted in

 Sivin 1977:94-106.

 1969. A History ofJapanese Astronomy: Chinese Background and Western Impact. Harvard-Yenching
 Institute Monograph Series 18. Cambridge, Mass.: Harvard University Press.

 . 1974. Rekishi toshite no gakumon [Academia as history]. Tokyo: Chiuo Koronsha. Translation
 in Nakayama 1984.

 1984. Academic and Scientific Traditions in China, Japan, and the West. Trans. Jerry Dusenberry.

 Tokyo: University of Tokyo Press. English version of Nakayama 1974.

 NAKAYAMA SHIGERU and NATHAN SIVIN, eds. 1973. Chinese Science: Explorations of an Ancient Tra-

 dition. M. I.T. East Asian Science Series 2. Cambridge, Mass.: MIT Press. Festschrift for Needham's

 70th birthday. Contains essays on his work, studies of Chinese science, and an introductory bib-
 liography of works on Chinese science in Western languages.

 NAUNDORF, GERT, ET AL., eds. 1985. Religion und Philosophie in Ostasien: Festschriftfiir Hans Steininger

 zum 65. Geburtstag [Religion and philosophy in East Asia, dedicated to Hans Steininger on his

 65th birthday]. Wurzburg: Konigshausen and Neumann.
 NEEDHAM, JOSEPH. 1969. The Grand Titration: Science and Society in East and West. Toronto: University

 of Toronto Press. Reprints 8 essays.

 1975. "The Cosmology of Early China." In Blacker and Loewe 1975:87-109.

 1978. "Alchemy and Early Chemistry in China." In The Frontiers of Human Knowledge, 1971-

 81. Uppsala: Uppsala Universitet.

 NEEDHAM, JOSEPH, ET AL. 1954-. Science and Civilisation in China. 7 vols. projected, 14 fascicles

 to date. Cambridge: Cambridge University Press.

 . 1970. Clerks and Craftsmen in China and the West: Lectures and Addresses on the History of Science

 and Technology. Cambridge: Cambridge University Press. In addition to general writings, includes
 5 important essays on medicine.

 NEEDHAM, JOSEPH, and Ho PING Yu. 1959. "Ancient Chinese Observations of Solar Haloes and

 Parhelia." Weather 14:124-34.

 NEEDHAM, JOSEPH, and Lu GWEI-DJEN. 1967. "Records of Diseases in Ancient China." In Brothwell

 and Sandison 1967:222-37.

 . 1984. "Medicine in Traditional China." In Proceedings, Symposium 9, 17th International Con-

 gress of Internal Medicine, Kyoto, October, pp. 3-11. Informal survey of issues.
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 NGO VAN XUYET. 1976. Divination magie et politique dans la Chine antique: Essai suivi de la traduction
 des "Biographies des magiciens" tirees de l"'Histoire des Han post6rieurs" [Divination, magic, and politics

 in ancient China: An essay followed by a translation of the "Biographies of magicians" from the

 History of the Later Han]. Bibliotheque de l'Ecole des Hautes Etudes, Section des Science Religieuses
 78. Paris: Presses Universitaires de France.

 Ni YUNZHOU. 1984. "Shanghai Zhongyao hangye fazhan jianshi" [Concise history of the Shanghai

 medicinal drug tradel. Zhongyi nianjian 406-9.
 NYLAN, MICHAEL, and NATHAN SIVIN. 1987. "The First Neo-Confucianism: An Introduction to

 Yang Hsiung's Canon of Supreme Mystery (T'ai hsuan ching) (ca. 4 B.C)." In Blader and le Blanc
 1987:41-99.

 OGAWA, TEIZO, ed. 1986. History of Traditional Medicine: Proceedings of the 1st and 2nd International
 Symposia on the Comparative History of Medicine-East and West. Osaka: Taniguchi Foundation, Di-

 vision of Medical History. One of several volumes containing many papers on Chinese medicine,

 rarely comparative.

 OHNUKI-TIERNEY, EMIKO. 1984. Illness and Culture in Contemporary Japan: An Anthropological View.

 Cambridge: Cambridge University Press.

 OKANISHI TAMETO. 1958. Song yiqian yiji kao [Studies of medical books through the Song period].
 Beijing: Renmin Weisheng Chubanshe. A pastiche of carefully selected information. Originally

 published in part, 4 vols., Fengtian: Manzhou Yike Daxue, 1936-44.
 . 1974. Chuigoku isho honzo ko [Studies of Chinese books on medicine and materia medical. Osaka:

 Maeda Shoten. Studies of individual classics by a great bibliographer.

 OTSUKA KEISETSU. 1976. Kanpo igaku [Sino-Japanese medicinel. Osaka: Sogensha. Translated by

 O[mjtsuka Yasuo as Kanpo: Geschichte, Theorie und Praxis der chinesisch-japanischen traditionellen Med-

 izin [Kanpo: History, theory, and practice of Sino-Japanese traditional medicinel. Tokyo: Tsumura
 Juntend6, 1976.

 PAN JIXING. 1984. "Kangxi di yu xiyang kexue" [The Kangxi emperor and Western science]. ZKY
 3, no. 2:177-88.

 PAN NAI. 1975. "Nanjing de liangtai gudai cetian yiqi-Ming zhi hunyi he jianyi" [Nanjing's two

 ancient instruments for astronomical observation: The Ming armillary sphere and simplified in-

 strument). Wenwu 7:84-89.
 PETERSON, WILLARD J. 1982. "Making Connections: 'Commentary on the Attached Verbalizations'

 of the Book of Change." HarvardJournal of Asiatic Studies 42, no. 1:67-116.
 POKORA, TIMOTEUS. 1985. "'Living Corpses' in Early Medieval China-Sources and Opinions." In

 Naundorf et al. 1985:343-57. Dorubts Taoist origin of preservation techniques.
 PORKERT, MANFRED. 1974. The Theoretical Foundations of Chinese Medicine: Systems of Correspondence.

 MIT East Asian Science Series 3. Cambridge, Mass.: MIT Press.

 . 1982a. "The Difficult Task of Blending Chinese and Western Science: The Case of Modern

 Interpretations of Traditional Chinese Medicine." In Li Guohao et al. 1982:553-72.

 . 1982b. Die chinesische Medizin [Chinese medicine). Dusseldorf: ECON Verlag.

 QIAN, WEN-YUAN. 1985. The Great Inertia: Scientifc Stagnation in Traditional China. London: Croom
 Helm. A shallow "answer" to the Scientific Revolution Problem uninformed by acquaintance with

 Chinese scientific writings before modern times.

 QIAN YUANMING, ed. 1986. Jing shi haijia yi lu [Record of medical materials in classics, histories,

 and "philosophical" writingsl. Guangzhou: Guangdong Keji Chubanshe. Selected from over 1,000
 sources and annotated.

 Qiu RENZONG. 1982. "Philosophy of Medicine in China (1930-1980)." Metamedicine 3:35-73. A

 balanced and forthright critical assessment.
 RALL, JUTTA. 1970. Die vier grossen Medizinschulen der Mongolzeit: Stand und Entwicklung der chinesischen

 Medizin in der Chin- und Yuan-Zeit [The four great schools of medicine of the Mongol period: State

 and development of Chinese medicine in the Jin and Yuan periods]. M-unchener ostasiatische
 Studien 7. Wiesbaden: Franz Steiner Verlag.

 RAWSKI, EVELYN SAKAKIDA. 1979. Education and Popular Literacy in Ch'ing China. Michigan Studies
 on China 7. Ann Arbor: University of Michigan Press.

 REN YINGQIU. 1980. Zhongyi gejia xueshuo [Doctrines of the schools of classical medicinel. Shanghai:
 Shanghai Kexue Jishu Chubanshe. Unlike earlier works of the same title, in topical rather than
 chronological order.
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 . 1984. Ren Yingqiu lun yi ji [Collected essays on medicine by Ren Yingqiul. Beijing: Renmin
 Weisheng Chubanshe. Includes some previously unpublished writings by the late dean of medical

 historians.

 REN YINGQlu and Liu CHANGLIN, eds. 1982. Nei jing yanjiu luncong [Collected studies on the Inner

 Canon of the Yellow Lord}. Wuhan: Hubei Renmin Chubanshe.

 REYNOLDS, TERRY S. 1983. Stronger than a Hundred Men: A History of the Vertical Water Wheel. Johns

 Hopkins Studies in the History of Technology, n.s. 7. Baltimore: Johns Hopkins University Press.

 ROBINET, ISABELLE. 1979. "A Study of the Relationship between the Shang-ch'ing Movement and

 the Tradition of the Fang-shih and the Seekers after Immortality. " Paper for the Third International

 Conference on Taoism, Unterageri, Switzerland, September.

 . 1984. La Revelation du Shangqing dans l'histoire du TaoiKme. Publications de lEcole Francaise
 d'Extreme-orient, 87. 2 vols. Paris: Ecole Francaise d'Extreme-orient.

 RUITENBEEK, KLAAS. 1986. "Craft and Ritual in Traditional Chinese Carpentry: With a Biblio-

 graphical Note on the Lu Ban Jing." CS 7:1-23.

 SAKADE YOSHINOBU. 1986. "Dkyo to kagaku gijutsu" [Science and technology in relation to

 Taoism]. In Akizuki 1986:199-234. Primarily a survey of recent research on Chinese science and
 technology.

 SAKA TADAO, ed. 1977. Dokyo no sogoteki kenkyui [General studies of Taoism]. Tokyo: Kokusho kan-
 k6kai. Partly based on papers from the Second International Conference on Taoism, Tateshina,

 Japan, September 1972.

 SAKAI TADAO and FUKUI FUMIMASA. 1977. "Dokyo to wa nanka-dokyo, doka, dojutsu, doshi"

 (What is "taoism"-daojiao, daojia, daoshu, daoshi?J. In Sakai 1977:429-49. This and Fukui 1977
 untangle some of the prevalent confusions between various terms often translated "Taoist."

 SAKURAI KENSUKE. 1985. "Shin shutsudo iyaku kankei bunbutsu ni tsuite" [Newly excavated artifacts

 related to medicine]. In Yamada 1985, 2:347-68. Texts, drugs, and implements excavated since
 1949, with copious Chinese references.

 SCHAFER, EDWARD H. 1963. The Golden Peaches of Samarkand: A Study of T'ang Exotics. Berkeley:

 University of California Press.

 . 1977. Pacing the Void: T'ang Approaches to the Stars. Berkeley: University of California Press.

 SCHIPPER, KRISTOFER M. 1978. "The Taoist Body." History of Religions 17:355-86. On interior

 cosmography.

 1982. Le corps taoWte: Corps physique-corps social [The Taoist body: Physical and social organism].
 L'espace interieur 25. Paris: Fayard.

 . 1985a. "Seigneurs royaux, dieux des epidemies" [Royal lords, epidemic gods]. Archives de
 sciences sociales des religions 59:31-40. On the ambiguity of wangye.

 1985b. "Vernacular and Classical Ritual in Taoism. " TheJournal of Asian Studies 45, no. 1 :21-

 57.

 SCHWARZ, HENRY G., ed. 1984. Chinese Medicine on the Golden Mountain: An Interpretive Guide. Seattle:

 Wing Luke Memorial Museum.

 SHEPPARD, H. J. 1981. "Chinese and Western Alchemy: The Link through Definition." Proceedings,

 16th International Congress of the History of Science, Bucharest, August, Part C, pp. 181-88.

 SHIMAo EIKO. 1986. "Chiugoku kagakushi kenkyiu no tenbo" ["Review of researches into the history

 of Chinese alchemy"]. Kagakushi [History of chemistry] 2:72-81. Covers publications in Chinese,
 Japanese, and English from 1920 on.

 SIMONS, RONALD C., and CHARLES C. HUGHES, eds. 1985. The Culture-Bound Syndromes: Folk

 Illnesses of Psychiatric and Anthropological Interest. Dordrecht: D. Reidel.

 SIVIN, NATHAN. 1968. Chinese Alchemy: Preliminary Studies. Harvard Monographs in the History of

 Science 1. Cambridge, Mass.: Harvard University Press.

 1969. Cosmos and Computation in Early Chinese Mathematical Astronomy. Leiden: E. J. Brill.

 1973. "Copernicus in China." Studia Copernicana (Warsaw) 6:63-122.

 1975. "Shen Kua." In Gillispie 1970-80, 12:369-93. Reprinted in Sung Studies Newsletter

 13(1977; published 1978):31-56.

 . 1976. "Chinese Alchemy and the Manipulation of Time." Isis 67:513-26. Reprinted in Sivin

 1977. Brings up to date the fuller version in Needham et al. 1954-, vol. 5, pt. 4:210-97,
 completed in 1970 but published in 1980.
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 , ed. 1977. Science and Technology in East Asia. History of Science. Selections from Isis. New
 York: Science History Publications.

 . 1978. "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 17:303-30.

 . 1979. "Report on the Third International Conference on Taoist Studies." Bulletin of the Society

 for the Study of Chinese Religions 7:1-23. Summarizes the picture of Taoism that emerges from the

 three conferences to date.

 . 1981. "Some Important Publications on Early Chinese Astronomy from China and Japan,

 1978-1980." Archaeoastronomy 4, no. 1:26-31.

 1982. "Why the Scientific Revolution Did Not Take Place in China-or Didn't It?" CS 5:45-

 66.

 1985. "Zhongguo kexue jishu yixueshi zhanwang" [Prospects for the history of Chinese science,

 technology, and medicine). Da ziran tansuo 4, no. 1:11-16.
 . 1986a. "The Limits of Empirical Knowledge in the Traditional Chinese Sciences." In Fraser

 et al. 1986:151-69.

 1986b. "A Supplemental Bibliography of Traditional Chinese Science: Introductory Books and

 Articles in Western Languages." CS 7:33-41. Supplements survey in Nakayama and Sivin

 1973:279-314. Coverage through 1981; excludes medicine and technology.

 . 1987. Traditional Medicine in Contemporary China: A Partial Translation of Revised Outline of

 Chinese Medicine (1972), with an Introductory Study on Change in Present-day and Early Medicine.

 Science, Medicine and Technology in East Asia 2. Ann Arbor: University of Michigan, Center for

 Chinese Studies. See Guangzhou Budui 1972.

 . Forthcoming. "A Cornucopia of Reference Works for the History of Chinese Medicine." CS

 9.

 SKINNER, G. WILLIAM. 1985. "Presidential Address: The Structure of Chinese History." TheJournal

 of Asian Studies 44, 2:271-92.

 SMITH, CYRIL STANLEY. 1975. "Metallurgy as a Human Experience: The 1974 Distinguished Lec-

 tureship in Materials and Society." Metallurgical Transactions A. Physical Metallurgy and Materials

 Science 6A, 4:603-23.

 . 1979. "Remarks on the Discovery of Techniques and on the Sources for the Study of Their

 History." In Bugliarello and Doner 1979:31-37.
 . 1980. From Art to Science: Seventy-two Objects Illustrating the Nature of Discovery. Cambridge,

 Mass.: The MIT Press.

 SONG ZHIXING. 1983. "Zhongyi yaoxing xueshuo fazhan jian shi" [Brief history of the theory of drug

 functions in Chinese medicine]. ZYZ 13, no. 3:129-32.
 SPENCE, JONATHAN. 1974. Emperor of China: Self Portrait of K'ang Hsi. New York: Alfred A. Knopf.

 . 1975. "Commentary on Historical Perspectives and Ch'ing Medical Systems." In Kleinman

 et al. 1975:77-84.

 STEPHENSON, F. RICHARD, and DAVID H. CLARK. 1978. Applications of Early Astronomical Records.

 Monographs on Astronomical Subjects 4. Bristol: Adam Hilger.

 STRICKMANN, MICHEL. 1979. "On the Alchemy of T'ao Hung-ching." In Welch and Seidel

 1979:123-92. Important discussion of the relation between alchemy and Taoism.

 1985. "Therapeutische Rituale und das Problem des Bbsen im friuhen Taoismus" [Therapeutic

 ritual and the problem of evil in early Taoism). In Naundorf et al. 1985:185-200.

 SUN, E-TU ZEN. 1979. "Chinese History of Technology: Some Points of Comparison with the West."

 In Bugliarello and Doner 1979:38-49. Includes an overview of Western, Japanese, and older

 Chinese work.

 SUNG Tz'u [SONG CI). 1981. The Washing away of Wrongs: Forensic Medicine in Thirteenth-century China.

 Trans. by Brian E. McKnight. Science, Medicine, and Technology in East Asia 1. Ann Arbor:

 University of Michigan, Center for Chinese Studies. See Xi yuan ji lu under Classical Sources.

 TANG, ANTHONY M., ET AL., eds. 1976. Evolution, Welfare, and Time in Economics. Lexington, Mass.:

 Lexington Books.

 THACKRAY, ARNOLD. 1980. "History of Science." In Durbin 1980:3-69.

 THORNDIKE, LYNN. 1923-58. A History of Magicand Experimental Science. 8 vols. New York: Columbia

 University Press.
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 TIAN CHANGHU. 1981. "Zhongguo gudai zhutie yuanliu yu yanjin" [The origin and evolution of

 cast iron in ancient China]. Chengdu Keji Daxue xuebao 4:127-38. Experimental reconstruction of
 ancient processes.

 TOPLEY, MARJORIE. 1970. "Chinese Traditional Ideas and the Treatment of Disease: Two Examples

 from Hong Kong." Man, n.s. 5:421-37.

 UNSCHULD, PAUL U. 1975. Medizin und Ethik: Sozialkonflikte im China der Kaiserzeit [Medicine and
 ethics: Social conflict in imperial China]. Munchener ostasiatische Studien 11. Wiesbaden: Franz
 Steiner Verlag.

 . 1979. Medical Ethics in Imperial China: A Study in Historical Anthropology. Comparative Studies

 of Health Systems and Medical Care 2. Berkeley: University of California Press. Rev. trans. of

 Unschuld 1975.

 . 1982. "Ma-wang-tui Materia Medica: A Comparative Analysis of Early Chinese Pharmaceutical

 Knowledge." Zinbun 18:11-63.

 . 1985. Medicine in China. A History of Ideas. Comparative Studies of Health Systems and Medical

 Care 13. Berkeley: University of California Press.

 . 1986a. Medicine in China. A History of Pharmaceutics. Comparative Studies of Health Systems

 and Medical Care 14. Berkeley: University of California Press.

 , trans. 1986b. Medicine in China: Nan-ching, the Classic of Difficult Issues, with Commentaries by

 Chinese and Japanese Authors from the Third through the Twentieth Century. Comparative Studies of

 Health Systems and Medical Care 18. Berkeley: University of California Press.

 VICKERS, BRIAN. 1984a. "Analogy Versus Identity: The Rejection of Occult Symbolism, 1580-
 1680." In Vickers 1984b:95-163.

 , ed. 1984b. Occult and Scientific Mentalities in the Renaissance. Cambridge: Cambridge University

 Press. Excellent up-to-date studies.

 VOGEL, KURT, trans. 1968. Neun Biicher arithmetischer Technik [Nine books on the mathematical art].
 Ostwalds Klassiker der exakten Wissenschaften, n.s. 4. Braunschweig: Friedrich Vieweg. Trans-

 lation ofJiu zhang suan shu, based largely on a Russian version.

 WAGNER, DONALD BLACKMORE. 1978. "Liu Hui and Tsu Keng-chih on the Volume of a Sphere."
 CS 3:59-79.

 . 1979. "An Early Chinese Derivation of the Volume of a Pyramid: Liu Hui, Third Century

 A.D." Historia mathematica 6:164-88.

 . 1986. "Ancient Chinese Copper Smelting, Sixth Century B.C.: Recent Excavations and Sim-

 ulation Experiments." Journal of the Historical Metallurgy Society 20, no. 1:1-16.

 WANG DECHANG. 1984. "Xu zizhi tongjian changbian tianxiang ziliao huibian" [Data on Northern
 Sung celestial phenomena collected from Long Compilation for a Sequel to the Comprehensive Mirror

 for Aid in Government, 11831. Tian wen. Zhongguo tianwenshi yanjiu 1:313-29.

 WANG LIXING. 1983a. "Songdai minjian jishi xiao yiqi louyu de fuyuan" [Reconstruction of the inflow

 bowl clepsydra, a small popular timekeeping device of the Song period]. ZKY 2, no. 3:225-33.
 1983b. "Guanyu minjian xiao li" [On popular almanacs]. KW 10:45-68.

 WANG QI, ed. 1985. Huang di nei jing zhuanti yanjiu [Monographic studies of the Inner Canon of the

 Yellow LordJ. Jinan: Shandong Kexue Jishu Chubanshe. 20 innovative essays on thought and con-
 text.

 WANG XIAOTAO. 1986. Lidai Zhongyao paozhifa huidian: Gudai bufen. [Processing of Chinese materia

 medica through the ages, a compendium: Ancient]. Nanchang: Jiangxi Kexue Jishu Chubanshe.

 WANG YINGWEI. [1962?1. Zhongguo gu li tong jie [Digest of ancient Chinese astronomical systems].
 4 vols. in 6, mimeographed. Beijing: Zhongguo Kexueyuan, Ziran Kexueshi Yanjiushi.

 WANG YUQUAN and SONG TIANPIN. 1980. Zhongyi jichu lilun yanjiu shuping [Critical review of
 studies on basic theory of Chinese medicine]. Beijing Zhongyi Xueyuan xuebao 3:1-12. Survey with
 1 10 citations, mostly from 1975 on.

 WEI YIZONG. 1983. Zhongguo guke jishu shi [History of Chinese orthopedic technology]. Shanghai:
 Shanghai Kexue Jishu Wenxian Chubanshe. Includes discussions of influence between China and
 Europe.

 WELCH, HOLMES H., and ANNA SEIDEL, eds. 1979. Facets of Taoism: Essays in Chinese Religion. New

 Haven: Yale University Press.
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 WEN XINGZHEN. 1981. "Kangxi de yixue yu yang sheng zhi dao" [Kangxi's medicine and arts of

 longevity). GBY 3:12.

 WESTMAN, ROBERT S. 1977. "Magical Reform and Astronomical Reform: The Yates Thesis Recon-

 sidered." In Westman and McGuire 1977:1-91.

 WESTMAN, ROBERT S., AND J. E. McGuIRE, eds. 1977. Hermeticism and the Scientific Revolution.
 Los Angeles: William Andrews Clark Memorial Library.

 WHITE, LYNN, JR. 1978. "Science and the Sense of Self: The Medieval Background of a Modern

 Confrontation." Daedalus, Spring, pp. 47-59.
 . 1982. "The Eurasian Context of Medieval Europe." In Report of the Twelfth Congress of the

 International Musicological Society, Berkeley, 1977, pp. 1-10. General view of the impact of Asia

 on the material life of medieval and renaissance Europe.

 WHITE, LYNN, JR., AND JONATHAN SPENCE. 1984. "Science in China." Isis 75:171-89. Essay

 reviews of Needham et al. 1954- by two scholars of great breadth.

 WILHELM, HELLMUT. 1948. "Leibniz and the 1-ching." Collectanea commissionis synodalis in Sinis

 16:205-19.

 . 1977. Heaven, Earth, and Man in the Book of Changes: Seven Eranos Lectures. Seattle: University

 of Washington Press. Lectures given 1951-67.

 Wu WENJUN, ed. 1982. 'Jiujang suanshu" yu Liu Hui [Nine Chapters on the Mathematical Art and Liu
 Hui). Zhongguo shuxueshi yanjiu congshu 1. Beijing: Beijing Shifan Daxue Chubanshe. 19 essays

 on Liu (fl. ca. A.D. 263), mathematician and annotator of the Nine Chapters.

 XI ZEZONG. 1981. "Chinese Studies in the History of Astronomy, 1949-1979." Isis 72:456-70, esp.

 p. 470.

 1983. "Chinese Researches in the History of Science and Technology, 1982." CS 6:59-83.

 1986. "Yuandong gudai de tianwen jilu zai xiandai tianwenxuezhong de yingyong" [Appli-

 cations to modern astronomy of ancient Far Eastern astronomical records). In Huang Shengzhang

 1986:1-10.

 XIA NAI. 1979. Kaoguxue he kejishi [Archeology and the history of science and technology). Archeology
 Monographs Al. Beijing: Kexue Chubanshe. With English summaries.

 . 1980. "Bibliography of Recent Archeological Discoveries Bearing on the History of Science

 and Technology." CS, 4:19-52. Translation by D. B. Wagner of Xia 1979:1-14, with emen-

 dations by the author.

 XIAO YUAN ET AL. 1986. Yongluo da dian yiyao ji [Materials on medicine and drugs collected from
 the Unabridged Encyclopedia of the Yongluo period). Beijing: Renmin Weisheng Chubanshe. Includes

 a number of medical books not otherwise extant.

 XIE YUSHOU and CAI MEIBIAO. 1983. Zhongguo dizhen lishi huibian [Collected materials for the history

 of Chinese earthquakes). 5 vols. Beijing: Kexue Chubanshe. Apparently only vols. 1 and 5 have

 been published as of June 1986.

 XIE ZONGWAN. 1981. "Woguo lidai bencao yanjiu zhengli de jinkuang yu zhanwang" [Status of and

 prospects for the study of the Chinese materia medica literature through the ages). Zhongyi zazhi

 22, no. 2:68-73. Survey with 134 references.

 XIONG BINGZHEN. 1986. "Qingdai Zhongguo erke yixue zhi quyuxing chutan" [Preliminary study

 of the regional character of traditional pediatrics in the Qing period). Preprint for Conference on

 Modern Chinese Regional History. Taibei: Zhongyang yanjiuyuan, Jindaishi yanjiusuo. Meth-

 odology suggestive.

 Xu FULIN ET AL., eds. 1985. Gujin jiu wu [Correcting therapeutic errors, ancient and modern).
 Changsha: Hunan Kexue Jishu Chubanshe. Anthology by treatment type from the Song on.

 Xu ZHENTAO. 1981. "Ancient Records of Sunspot and Aurora [sic) of China and Investigations of
 History of Solar Activity" and "On the Sporer Minimum." Unpublished papers jointly offered at
 the 6th International Summer College on Physics and Contemporary Needs, Islamabad, Pakistan,

 June 1981.

 YABUUTI KIYOSI [YABUUCHI KIYOSHI). 1979a. "The Study of the History of Chinese Science in

 Kyoto." Acta asiatica 36:1-6.

 . 1979b. "Researches on the Chiu-chih li-Indian Astronomy under the T'ang Dynasty." Acta

 asiatica 36:7-48. With assistance of Yano Michio.
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 YAMADA KEIJI. 1978. Shushi no shizengaku [Chu Hsi's studies of naturel. Tokyo: Iwanami Shoten.

 Incorporates studies published in Tohi gakuhi (Kyoto) from 1964 on.

 . 1979a. "Kotei naiky6 no seiritsu" [Formation of the Inner Canon of the Yellow Lordj. Shiso
 662:94-108.

 . 1979b. "The Formation of the Huang-ti nei-ching." Acta asiatica 36:67-89.

 . 1980a. Jujireki no michi: Chugoku chgsei no kagaku to kokka [The road to the Season-Granting

 System: Science and the state in medieval Chinal. Tokyo: Misuzu shobo. Concerned with the

 calendar reform of 1280.

 . 1980b. "Kyaku hachifui setsu to Shoshiha no tachiba" [The Nine Palaces-Eight Winds theory

 and the standpoint of the Shao shi school]. Toho gakuh6 (Kyoto) 52:199-242. Attempts to identify
 textual constituents of the Huangdi nei jing with a particular school. Cf. Keegan forthcoming.

 ed. 1985. Shin hakken Chugoku kagakushi shiryo no kenkyi [Studies of newly discovered materials

 for the history of Chinese science). 2 vols. 1: Annotated translations. 2: Essays. Kyoto: Ky6to

 Daigakujinbun Kagaku Kenkyujo. Documents on astrology, immortality practices, and medicine.
 YAN KUNYING. 1980a. Yuanse changyong Zhongyao tujian ["Illustrated Chinese materia medica: Crude

 drugs"). Taibei: Nantian Shuju Youxiangongsi. Color photographs of crude, dried drugs, with

 identifications and notes on medical usage in English, and other data in Chinese.

 . 1980b. Yuanse Zhongyao yinpian tujian ["Illustrated Chinese materia medica: Prepared drugs").

 Taibei: Nantian Shuju Youxiangongsi. Sliced ingredients used in infusions.

 YANG YUANJI. 1953. Zhongguo yiyao wenxian chuji [Texts on Chinese medicine: First collection).
 Shanghai: Dade Chubanshe. Short quotations from 322 diverse nonmedical books.

 YANO MICHIO. 1986. "The Ch'i-yao jang-tsai-chueh and Its Ephemerides." Centaurus 29:28-35. On

 Qiyao rang zai jue, a 9th-century astrological text comp. by an Indian monk in China.

 YI SHITONG. 1978. "Liang tian chi kao" [On the astronomical foot). Wenwu 2:10-17.

 YOSHIDA MITSUKUNI. 1970. Hoshi no shikyo [Astral religion). Shizen to ningen shirlzu 3. Kyoto:

 Tankosha.

 ZHANG JIATAI. 1976. "Dengfeng guanxingtai he Yuan chu tianwen guance de chengjiu" [The Deng-

 feng observatory and the achievements of early Yuan astronomical observation]. Kaogu 143:95-
 102.

 ZHANG YAO. 1987. "Xiaoshan Zhulinsi nuke yi ji yuanliu chu tan" [Preliminary historical study of
 the medical literature pertaining to the treatment of women's disorders at the Zhulin Temple of

 Xiaoshan). Master's thesis, Academy of Traditional Chinese Medicine, China Institute for the

 History of Medicine and Medical Literature.

 ZHANG YUANKAI. 1985. Menghe si jia yi ji [Collected medical writings of four famous physicians of

 Menghel. Nanjing: Jiangsu Keji Chubanshe.

 ZHAO HONGJUN. 1983. Jindai Zhong Xi yi lunzheng shi [History of the polemics between Chinese

 and Western medicine in modern times). Shijiazhuang: Zhong Xi Yi Jiehe Yanjiuhui Hebei Fenhui.

 Rev. ed. in press.

 ZHAO KUANGHUA, ed. 1985. Zhongguo gudai huaxueshi yanjiu [Studies of ancient Chinese chemistry).

 Beijing: Beijing Daxue Chubanshe. Collects 54 diverse essays published 1977-84.

 ZHAO PUSHAN. 1980. "Tan gu mu zhong de baigao he mutan" [On the use of white clay and charcoal

 to protect ancient Chinese tombs). ZYZ 1:47-48.

 . 1983. Zhongguo gudai yixue [Ancient Chinese medicine). Beijing: Zhonghua Shuju. Anecdotal;

 good choice of materials.

 ZHENG WENGUANG and XI ZEZONG. 1975. Zhongguo lishishang deyuzhou lilun [Cosmological theories

 in Chinese history). Beijing: Renmin Chubanshe. Italian translation by Giuseppina Merchionne.

 Le cosmologie cinesi. Rome: Ubaldini Editore, 1978.

 ZHENJIANG BOWUGUAN ET AL., eds. 1977. "Jintan nan Song Zhou Yu mu" [The tomb of Zhou

 Yu of the southern Song at Jintan). Kaogu xuebao 1: 105-31, pl. 1- 12.

 ZHONGGUO SHEHUIKEXUE YUAN, KAOGUXUE YANJIUSUO, eds. 1980. Zhongguo gudai tianwen

 wenwu tuji [Illustrations of artifacts-pertaining to ancient Chinese astronomy). Archeological Mon-

 ographs B17. Beijing: Wenwu Chubanshe.

 ZHONGYI YANJIUYUAN [ACADEMY OF TRADITIONAL CHINESE MEDICINE) AND BEIJJNG Tu-

 SHUGUAN [BEIJING LIBRARY), eds. 1961. Zhongyi tushu lianhe mulu [Union catalogue of primary

 sources for Chinese medicine). Beijing: Beijing Tushuguan. Enumerates every known edition of
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 over 6,000 works published before 1949 in the 50 largest Chinese libraries. A forthcoming rev.

 ed. lists about 13,000 titles in over 110 collections.

 . Yishi Wenxian Yanjiushi [Seminar for medical history and documents]. [ 1981]. Yixueshi lunwen

 ziliao suoyin [Index to material in essays on the history of medicine]. Beijing: The compilers.

 ZHOU FENGWU. 1987. Gujin yaofang zongheng [Scattered reflections on drug formulas through history).
 Beijing: Renmin Weisheng Chubanshe. Historical changes in the use of 50 ingredients, including

 1,663 formulas.

 ZHOU MINGDAO. 1981. "Xiaoshan Zhulinsi de youlai kao" [On the origins of the Zhulin Temple of

 Xiaoshan]. ZYZ 11, no. 3:172.

 ZHOU YIMOU. 1983. Lidai mingyi lun yide [Discussions of medical ethics by eminent physicians in

 successive dynasties]. Changsha: Hunan Kexue Jishu Chubanshe. Broadly defined anecdotes, an-

 imadversions, and discussions from early classics to 1897.

 ZHU JINFU and ZHOU WENQUAN. 1982. "Cong Qing gong yian lun Guangxu di Zaitian zhi si"

 [On the Guangxu emperor's death in the light of the medical archives of the Qing court]. GBY

 3:3-18.

 ZHUANG WEIFENG. 1982. "Woguo difangzhi zhong tianwen ziliao de pucha he zhengli" [Survey and

 compilation of astronomical materials in Chinese gazetteers]. Zhongguo difangzhi jiu zhi zhengli 6:52-

 57.

 ZHUANG WEIFENG ET AL. 1985. Zhongguo difangzhi lianhe mulu [Union catalogue of Chinese local

 gazetteers]. Beijing: Zhonghua Shuju.

 ZHUANG ZHAOXIANG (CHEUNG SHIU-CHEUNG), GUAN PEISHENG (PIU-SANG KWAN), and

 JIANG RUNXIANG (KONG YUN CHEUNG). 1983. Bencao yanjiu ru men ["An introduction to

 pen-ts'ao study"). Hong Kong: Chinese University Press. General introduction and a fairly full
 bibliography.
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