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* * * 

The / Ching (Book of Changes) and the Chinese scientific system were 
inseparable in East Asia. The book contains two powerful concepts that 
became integral to Confucian metaphysics: yin-yang and wu hsing (five 

basic agents or phases). Yin and yang denote the two primal forces of the uni
verse that oppose and supplement each other, and that control the five basic 
agents: wood, fire, earth, metal, and water. Among the five agents, there are two 
types of relationship: some agents work with each other, while others oppose 
each other. This has been called the wu hsing theory of promotion and control. 
The doctrines of yin-yang and wu hsing served as the major theoretical frame
work for science, philosophy, and culture in the East Asian tradition, and they 
served as well as a metaphysical basis for accommodating Western science. 1 

Inasmuch as traditional Japan was within the Chinese cultural orbit and its sci
entific ideas were largely borrowed from China, the / Ching was an integral part 
of pre-modem Japanese science. From the Heian (794-1186) to Tokugawa 

1 Joseph Needham separates the yin-yang wu hsing doctrine from the / Ching: 
"While the five-element and two-force theories were favorable rather than inimical to the 
development of scientific thought in China, the elaborated symbolic system of the Book 
of Changes was almost from the start a mischievous handicap. It tempted those who were 
interested in Nature to rest in explanations which were no explanations at all." Needham, 
et. al., Science and Civilization in China, vol. 2 (Cambridge: Cambridge Univ. Press, 
1956), p. 336. This dismissal is ahistorical, since yin-yang wu hsing theory was incorpo
rated into the I Ching system by the Ch'in and Han periods. 
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(1603-1868) periods, astronomy and calendrical studies were subordinate to the 
Bureau of Divination (Onmyoryo, later renamed Onmyodo in the Tokugawa 
period) in the central court government.2 In the intellectual world, following the 
spread of neo-Confucianism during the Tokugawa period, the / Ching exerted a 
tremendous impact on the thought of scholars who had studied science mainly 
through Chinese texts. However, it is not our objective here to examine the role 
of the / Ching in traditional or Chinese science. 3 Rather, our concern is the role 
of the text in the adaptation of modern or Western science in the Tokugawa pe
riod.4 Historians of Japan usually regard Confucianism and Western science as 
competitors in the Tokugawa period. They believe that Confucianism was a 
conservative bulwark against Western science, and that Western science caused 
the decline of Confucianism. This article challenges this simplistic view by re
examining how the / Ching was handled by Tokugawa scholars. 5 

Western science was introduced to Japan in the sixteenth century and over 
time was naturalized and incorporated into Tokugawa culture and became a part 
of the neo-Confucian synthesis. It did not challenge the hegemony of the Chi
nese mode of scientific thought until the last years of the Tokugawa period. To
kugawa Confucianism, as seen from the I Ching, transformed, survived, and 
even played a significant role in the process of naturalization or Confucianiza-

2 Onmyoryo was the official center of/ Ching studies. It consisted of three divisions: 
Onmyodo (Office of Yin-Yang), Tenmondo (Office of Astronomy and Astrology), and 
Rekido (Office of Calendrical Studies). The first two offices specialized in / Ching divi
nation; the third applied / Ching metaphysics and ideas to calendrical studies and other 
applied sciences. On the impact of the yin-yang doctrine on pre-Tokugawa science, see 
Nakayama Shigeru, A History of Japanese Astronomy (Cambridge, MA: Harvard Univ. 
Press, 1969), chaps 2-5. 

3 On the role of the/ Ching in Chinese scientific thought, see Wallace A. Sherrill and 
Wen-kuan Chu, An Anthology of I Ching (London: Arkana, 1977), chaps 3, 6, 7, and 8. 
See also Peng-yoke Ho, "The System of the Book of Changes and Chinese Science," 
Japanese Studies in the History of Science no. 11 (Tokyo, 1972): 23-39. 

4 "Western science" is a very loose concept. I use it here only to refer to European 
scientific knowledge and technology brought to Tokugawa Japan and its perceptions by 
the Tokugawa Japanese. Western science after the scientific revolution is experimental, 
empirical, mechanical, and utilitarian, whereas traditional or Chinese science is not an 
independent discipline but is affiliated with metaphysics (e.g., yin-yang wu hsing), theol
ogy (e.g., the theory of correspondence between heaven and man), ethics, and supersti
tions (e.g., astrology, numerology, and geomancy). For a historical overview of Western 
science in Tokugawa Japan, see James Bartholomew, The Formation of Science in Japan 
(New Haven, CT: Yale Univ. Press, 1989), pp. ~8. See also Tuge Hideomi (ed.), His
torical Development of Science and Technology in Japan (Tokyo: Japan Cultural Soci
ety, 1968), pp. 23-88. 

5 Other scholars have already questioned this view. See Albert Craig, "Science and 
Confucianism in Tokugawa Japan," in Marius Jansen (ed.), Changing Japanese Attitudes 
Toward Modernization (Princeton, NJ: Princeton Univ. Press, 1965). 
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tion of Western science. Two major intellectual and cultural themes in To
kugawa history-the role of Confucianism in modernization and the naturaliza
tion of Western learning-are two sides of the same coin. We will look at this 
issue by focusing on the role of the / Ching in the adaptation of Western astron
omy, physics, and related disciplines. 

The Introduction of Western Science 
in Early Tokugawa Times 

While Western military technology and some applied sciences aroused tremen
dous enthusiasm during the sixteenth century, it was not until the seventeenth 
century that Japanese writers began to incorporate Western ideas into their own 
scientific works.6 Even then, instead of introducing their readers to the new 
ideas that were the products of the scientific revolution of seventeenth-century 
Europe, Japanese scholars of the early Tokugawa period limited themselves to 
the theories expounded in texts that had been brought by missionaries during the 
previous century.7 They emphasized particularly the Aristotelian theory of the 
four elements and the Ptolemaic global theory. The former regards earth, water, 
fire, and air as the four basic terrestrial elements; the latter holds that the earth is 
a sphere located at the center of the universe, with the sun, the moon, and stars 
revolving around it.8 Though already out-dated in the West, these ideas were 
nevertheless new and stimulating to seventeenth-century Japanese. 

Early popularizers of Western science remained faithful students of Chinese 
science. In their translation and interpolation of Western texts, they attempted to 
accommodate certain Western elements to the Chinese-Japanese cultural heri
tage, but attacked those Western scientific ideas that they found incompatible 

6 On the early European impact on Japan, see Charles Boxer, "Some Aspects of 
Portuguese Influence in Japan, 1542-1640," in Michael Moscato (ed.), Papers on Portu
guese, Dutch and Jesuit Influences in Sixteenth- and Seventeenth-Century Japan 
(Washington, D.C.: Univ. Publications of America, 1979), pp. 95-146. See also C. R. 
Boxer, The Christian Century in Japan, 1549-1650 (Berkeley: Univ. of California Press, 
1951 ). 

7 The bakufu limited its contacts with the West to the Dutch and adopted a rigid cul
tural policy by the 1640s. Hence, very few Chinese books on Western science were im
ported. Although Dutch books were not censored, Dutch merchants seldom carried them 
because they were not regarded as profitable. As a result, seventeenth-century Japanese 
could only read out-dated Western texts. Even knowledge of sixteenth-century Western 
science was incomplete because the Jesuits had their own censorship. The situation im
proved only after the loosening of book censorship by the eighth shogun, Yoshimune 
( 1684-1751 ), in the 1720s. 

8 The Ptolemaic system, suggested by the Hellenistic astronomer Ptolemy ( c. 90-
168), dominated scientific thinking in the West until the sixteenth century. 

Downloaded from Brill.com05/22/2023 07:03:54AM
via free access



Wai-ming Ng: The I Ching and Western Science in Tokugawa Japan 97 

with yin-yang wu hsing and other concepts central to traditional Chinese 
thought. 

Ironically, the project of translation of Western scientific texts was moti
vated by the Tokugawa bakufu, which strove to purge the country of unwanted 
Western influences. Under orders of the bakufu, Sawano Chuan (1580-1652, 
originally Christovao Ferreira), a Portuguese apostate priest who had become a 
naturalized Japanese, translated a Western book of astronomy into Japanese 
romanization (romaji): Kenkon bensetsu (A Critical Commentary on Cosmogra
phy, 1650). This work explains astronomy and physics in terms of the Aristote
lian theory of the four elements. The similarities and differences between the 
Western theory of the four elements and the Chinese theory of the five agents 
drew the attention of early popularizers like Sawano. He pointed out that while 
the two theories were alike and compatible, the Chinese theory was superior and 
more comprehensive. Realizing that Aristotelian theory did not clearly define 
the relationships among the elements, Sawano attempted to make up for this 
deficiency by applying the principle of control and promotion of the five agents. 
This approach had a far-reaching impact on early Tokugawa writers of Western 
science. 

In 1656, under the auspices of the bakufu, the book was translated into Japa
nese and annotated by a Nagasaki Confucian-physician, Mukai Gensho (1609-
1677). Upholding the theory of yin-yang wu hsing as the cornerstone of knowl
edge, Mukai attacked the theory of the four elements-the subject of the first 
half of the book-for lacking a metaphysical basis and a definition of the rela
tionships among the elements. "Giving up the ideas of Ii-ch 'i (principle and 
force), yin-yang and wu hsing to pursue other things," Mukai argued, "is not 
practical learning. They [Westerners] do not know the right way."9 "Since 
Westerners do not comprehend the significance of Ii-ch 'i and yin-yang, their 
theory of material phenomena is vulgar and unrefined."10 Unlike Sawano, he did 
not apply the wu hsing theory to explain the four elements theory, and pointed 
out Sawano's mistake in linking wood in wu hsing to air in the four-element 
theory. 

Mukai's remarks on climatology and geography were also very much in line 
with orthodox Confucian explanations. For instance, instead of using the West
ern notion of density to explain the difference in temperature between the 
earth's surface and its depths, he resorted to an explanation based on variations 
in yin-yang wu hsing: 

In the summer, yin ch 'i [the force of yin] enters the earth and yang ch 'i [the force 
of yang] comes out from the earth. Therefore, the surface is hot, and the earth 

9 Quoted in Sugimoto Isao, Kinsei jitsugakushi no kenkyii [A study of practical 
learning in early modern Japan] (Tokyo: Yoshikawa kobunkan, 1962), p. 207. 

IO Quoted in Nakayama, A History of Japanese Astronomy, p. 91. 

Downloaded from Brill.com05/22/2023 07:03:54AM
via free access



98 Chinese Science I 5 (1998) 

and well water are cool. In the winter, yang ch 'i enters the earth and yin ch 'i 
comes out from the earth. Therefore, the surface is cold, and the earth and well 
water are warm. The water [temperature] in the sea and the rivers follows the 
same principle. Those who are familiar with the ideas of the / Ching will under
stand this principle. Scholars of the Southern barbarians know nothing about the 
ideas of the / Ching, and are ignorant of the theory of ch 'ien and k 'un [the first 
two hexagrams of the / Ching]. 11 

He also used the yin-yang principle and the hexagrams to explain earth
quakes, lighting, and thunder. Mukai rephrased a passage by Chu Hsi from the 
twenty-ninth scroll of the Hsing-Ii ta-ch 'iian (An anthology of nature and prin
ciple, 1405, edited by Hu Kuang) as follows: 

In the spring, yang ch 'i comes out from the earth and gives birth to everything. 
Hence, earthquakes occur frequently in the spring. In the summer, yang ch 'i rises 
to the sky. When it is blocked by yin ch 'i in the mid-air, it breaks through it. 
Yang ch 'i attacks yin ch 'i with anger. This explains why thunder and lighting are 
frequent in the summer .... Hence, the / Ching has the hexagram [chen] from 
which we can understand the fundamental principles of thunder and earth
quakes.12 

The latter half of A Critical Commentary on Cosmograph, on astronomy, 
made a major contribution by introducing Japanese scholars to the Ptolemaic 
system. Although critical of the Aristotelian system, Mukai was ambivalent 
about Ptolemaic global theory. He acknowledged that the global theory was 
contradicted by the traditional interpretation based on the yin-yang principle. 
According to yin-yang cosmology, heaven is yang, and earth is yin; the attrib
utes of yang are round and moving, whereas those of yin are square and quies
cent. Therefore, the earth should be square. However, Mukai seemed implicitly 
to favor the Ptolemaic global theory, and even cited the I Ching and other Chi
nese classics to "prove" that this theory had existed in ancient China. In short, 
Confucian scholars like Mukai were able to accept the Ptolemaic system be
cause it was largely compatible with yin-yang cosmology; while the two systems 
differed on relatively minor questions, such as the shape of the earth, they were 
in agreement on more fundamental matters, such as the geocentric structure of 
the universe. 

Kobayashi Kentei (or Yoshinobu, 1601-1684), a Nagasaki astronomer, ex
plained global theory and solar eclipses, among other things, in his Nigi rya
kusetsu (A brief explanation of heaven and earth, 1667), also based on a West
ern book. Like Sawano, Kobayashi employed Chinese ideas, such as yin-yang, 

11 In scroll 2, entry 19 of Kenkon bensetsu, quoted in Tamura Sensosuke, Nihon 
kishogakushi kenkyii [A study of climatology in Japan], vol. I (Mishima: Mishima kaga
kushi kenkyiijo), pp. 227-28. 

12 In scroll 2, entry 14, quoted in Tamura, Nihon kishogakushi kenkyii, vol. 1, p. 226. 
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the control and promotion of the five agents, and the six climatic factors (liu
ch 'i), to accommodate the theory of the four elements to the Chinese mode of 
scientific thought.13 

European scholarship on astronomy, geography, and mathematics was 
popularized by a prolific writer from Nagasaki, Nishikawa Joken (1648-1724). 
Nishikawa, who had studied Western science by reading Chinese translations of 
Western texts, like many other early Japanese students of Western science be
lieved that the principle of the four elements basically accorded with the more 
sophisticated wu hsing system. For instance, he pointed out that both theories 
regard water and earth as the most important elements. In his major work on 
astronomy, Tenmon giron (Discussions of the principles of astronomy, 1712), he 
took the notions of yin-yang wu hsing and wu-yiin Jiu-ch 'i (the five agents and 
the six climatic factors) as his major theoretical framework, while incorporated 
some Western ideas. Like Sawano and Kobayashi, Nishikawa compared wu-yiin 
Jiu-ch 'i and the Western theory of the four elements and four qualities: 

The Chinese theory has five agents (yun}--earth, metal, water, wood, and fire
and six qualities (ch 'i}---cold, hot, dry, wet, windy, and fiery. The Westerners are 
said to have four elements-earth, water, air, and fire-and four qualities-dry, 
wet, hot and cold. Since we know nothing further of the Western theory, we can
not judge its truth, but it seems to be of the same sort as the Chinese theory. It 
may be that the Chinese theory is more detailed than the Westem. 14 

According to Nishikawa, the / Ching, astronomy, and calendrical studies 
form a trinity: the / Ching constitutes the principle (ri), astronomy the form 
(tai), and calendrical studies the application (yo). "Astronomy is the form of the 
I Ching and calendrical studies; the / Ching is the principle of astronomy; and 
calendrical studies is the application of astronomy," Nishikawa contended, sug
gesting a common origin for these three teachings in Fu Hsi, the legendary 
creator of the trigrams. 15 By doing so, he assured a respectable place for astron
omy and calendrical studies in the neo-Confucian hierarchy. 16 He linked these 

13 The six climatic factors are wind, cold, heat, dampness, dryness, and fire. If the 
balance of the six climatic factors is disturbed by the variation in yin-yang wu hsing in 
the universe, dramatic climate changes will occur. Kobayashi used this theory to explain 
the four qualities (hot, cold, wet, and dry) of the four elements. 

14 Quoted in Nakayama, A History of Japanese Astronomy, p. 112. 
15 Quoted in Sugimoto, Kinseijitsugakushi no kenkyil, p. 190. 
16 According to Takahashi Shin'ichi, Nishikawa separated natural science from the 

influence of the / Ching by introducing the global theory. See Takahashi Shin 'ichi, Yo
gaku shisoshi ron [Intellectual history of Western learning] (Tokyo: Shin Nihon shup
pansha, 1972), p. 79. Takahashi tends to overemphasize the modernity of Western 
learning, and has overlooked the fact that Nishikawa used I Ching-related concepts to 
explain global theory. 
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teachings to the ultimate Confucian ideal of the unity of heaven and man: "The 
origins of astronomy can be found in the I Ching. Using the principle of astron
omy, calendrical studies, and the I Ching to understand thoroughly the meaning 
of the unity of heaven and man is difficult. Nevertheless, we should study the I 
Ching little by little, and fuse it with the principles of astronomy and calendrical 
studies. Then we can investigate the similarities in all things."17 

Nishikawa's rich knowledge of world geography and his understanding of 
the I Ching reflected a nationalist sentiment. While introducing various nations 
of the world to the Japanese for the first time, Nishikawa did not forget to pro
claim the superiority of Japan. 18 In his Nihon suidoko (An investigation of Ja
pan's geography, 1720), he pointed out that on the world map brought by West
ern missionaries Japan is located in the northeast, which according to the prefer
ence for yang over yin expressed in the I Ching, is the best position (the hexa
gram ken), because it represents "the end of yin and the beginning of yang." 
Hence, he was convinced that Japan was imbued with the spirit of yang, which 
made the country rich in resources, and its people kind and brave. This geo
mancy also justified Japan's name, "Nihon," which literally means the origin of 
the sun, as yang is associated with the sun. 

Another popularizer of Western astronomy was Baba Nobutake, a Kyoto 
physician who wrote several primers on astronomy. Like Nishikawa and many 
of his contemporaries, Baba studied Western science through Chinese transla
tions. His most important work, Tenmon shogaku sho (An introduction to as
tronomy, 1706), went a step further than previous studies in adapting Western 
views. 19 It was influenced by a Chinese work on astronomy, T'ien-ching huo
wen (Queries on the classics of heaven, c. 1675, written by Yu I), which com
bines wu hsing theory and the four elements theory, and advocates the Tycho
nian view of the sun and the earth as the two centers of the universe. In his 
scholarship, Baba, who was also a famous / Ching specialist, often fused to
gether Chinese and Western approaches. For instance, he drew a diagram of the 
annual variation of yin-yang which identified each of the twelve months with a 
different hexagram, and used it to illustrate seasonal changes. On this basis, he 
explained, for example, why May (identified with the hexagram kuo _) is the 

17 Saigusa Hiroto (ed.), Nihon tetsugaku zensho [Anthology of Japanese philosophy], 
vol. 8, Tenmon, butsurigakuka no shizenkan [Astronomers' and physicists' views of 
nature] (Tokyo: Daiichi shobo, 1936), p. 91. 

18 However, he became very "rational" when he used his knowledge of geography to 
debase China, stressing that China is only a tiny part of the world. 

19 For instance, instead of the theory of yin-yang, Baba employed the idea of mag
netics to explain that the tides on the earth are caused by the moon. 
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rainy season: "In May, a single yin comes up from the bottom and yang de
scends. Therefore, the rain falls."20 

Among these early writers on Western science, we see a huge gap between 
the ideas they introduced and the ideas they believed in. There had been no 
structural change in intellectual perception during this period: scholars' thinking 
remained dominated by Chinese scientific thought, and none yet saw Western 
science as an alternative. In accordance with their belief in yin-yang, wu hsing, 
and neo-Confucian doctrines, they accommodated Western ideas that they felt 
were compatible with the Confucian system, and rejected all others. 

We should be aware that Western science was no more than a weak under
current in the stream of Tokugawa thought; the majority of early Tokugawa 
astronomers and calendrical scholars seem to have been minimally influenced 
by it. Most Confucian scholars continued to favor traditional scientific ap
proaches, and seldom mentioned Western ideas. For instance, in calendrical 
studies, Shibukawa Harumi (1639-1715), the founder of Japan's own calendar, 
adopted yin-yang wu hsing as the major principle in his Tenmon keito (Systems 
of astronomy, 1698). He made no clear distinction between astronomy and as
trology, and in particular, associated changes in natural phenomena with politics 
and the military. In astronomy, Ida Tsunenori wrote an important book, Tenmon 
zukai (An illustrative explanation of astronomy, 1689) using the idea of yin
yang wu hsing. He accepted the traditional notion of Fu Hsi as the father of as
tronomy, geography, and the / Ching, which he had created according to his 
understanding of heaven and earth. "Fu Hsi," Ida wrote, "investigating astron
omy and geography, following the Ho T'u (Yellow River diagram), advocated 
the theory of yin-yang, and created the / Ching to understand changes."21 The 
Western impact was even weaker in mathematics, biology, and botany. For ex
ample, Kaibara Ekken (1630-1714) discussed biology and botany solely in 
terms of yin and yang. In his Yamato honso (Botany of Japan, 1709), he classi
fied different animals and plants, and identified their gender as either yin or 
yang. This methodology made some of his ideas seem arbitrary and mechanical. 
His explanation of the main differences between human beings and other crea
tures is interesting but curious: "Humankind belongs to yang; animals, insects, 
and fishes belong to yin. The number of yang is limited to nine; the number of 
yin is limited to ten. Hence, humankind has no tails, whereas other living crea
tures have tails. "22 

20 Shosetsu bendan [A critique of miscellaneous ideas, 1715), in Nagasawa Kikuya 
(ed.), Nihon zuihitsu shusei [A collection of Japanese prose], vol. 2 (Tokyo: Kyiiko 
shoin, 1978), p. 42. 

21 In Nihon tetsugaku zensho, vol. 8, Tenmon, butsurigakuka no shizenkan, p. 29. 
22 Quoted in Rai Kiichi (ed.), Nihon no kinsei [Early modern Japan], vol. 13, Jugaku, 

kokugaku, yogaku [Confucianism, national learning, and Western learning] (Tokyo: 
Chuo koronsha, 1993 ), p. 20 I. 
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The Adaptation of Western Science in Late Tokugawa Times 

The world view of Japanese intellectuals gradually changed during the latter 
half of the Tokugawa period as the authority of Chinese culture began to be 
challenged by both indigenous and foreign currents of thought. 23 Rangaku 
(Dutch learning), a strong undercurrent since the late eighteenth century, be
came increasingly influential. Rangaku scholars, unlike popularizers of the ear
lier period, were accepting of, even enthusiastic about, Western science. They 
not only believed in what they introduced, but readily admitted the superiority 
of the West in science and technology. They could directly use Western (Dutch) 
materials, and hence relied less on Chinese translations. The result was that they 
could investigate Western theories without having to look through a Chinese 
lens. At the same time, throughout Tokugawa Japan the influence of Chinese 
scientific thought gradually declined. Yin-yang wu hsing, once the central prin
ciple of early Tokugawa scientific writings, was no longer used to judge the 
acceptability of Western ideas. 24 Some scholars discarded the yin-yang wu hsing 
approach entirely, while others attempted to modify it in such a way that it be
came useful merely to illustrate Western ideas. However, in general Confucian
ism remained respected and influential in rangaku circles. The rise of Western 
learning, in other words, did not challenge the hegemony of the Chinese cultural 
system, at least until the last years of the Tokugawa period. The majority of 
scholars of Western learning were conciliatory toward traditional views, and 
attempted to integrate Western science into the traditional cultural system. The J 
Ching played a new role in this period: it became a tool of many late Tokugawa 
scholars to justify their arguments for the acceptance of Western science. 

On the question of the J Ching and its yin-yang wu hsing theory, rangaku 
scholars were divided into two camps. The first camp, a small but strong minor-

23 The change of world view in the late eighteenth century has been noted by several 
scholars. For instance, Marius Jansen regards the 1770s as the beginning of a decisive 
change in the way the Japanese perceived their world. He attributes this change to the 
beginning of the "age of translation of Western books in Japanese." See Jansen, Japan 
and Its World (Princeton, NJ: Princeton Univ. Press, 1980). On the Western impact on 
Japanese perceptions, see also Donald Keene, The Japanese Discovery of Europe (Stan
ford, CA: Stanford Univ. Press, 1969) and Grant Goodman, Japan: The Dutch Experi
ence (London: Athlone Press, 1986). Maruyama Masao traces the intellectual origins of 
the change after Ogyii Sorai in Studies in the Intellectual History of Tokugawa Japan 
(Princeton, NJ: Princeton Univ. Press, 1974). 

24 Nakayama Shigeru suggests that after the mid-Tokugawa period "practical learn
ing" on longer needed the yin-yang wu hsing theory as source of authority. See his "Kin
dai kagaku to yogaku" [Science and Western learning in modern Japan] in Hirose Hideo 
(ed.), Nihon shiso taikei [Series on Japanese thought], vol. 65, Yogaku, part 2 (Tokyo: 
Iwanami shoten, 1972), p. 458. This evaluation is most applicable to the small circle of 
those who practiced Dutch medicine. 
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ity, was critical of yin-yang wu hsing and other traditional scientific views. For 
instance, Maeno Ryotaku (l 723-1803), a pioneer of Western medicine and 
physics, criticized Nagasaki scholars of the early Tokugawa period for applying 
the wu hsing principle to interpret the theory of the four elements. He attacked 
yin-yang wu hsing as an empty and arbitrary theory, and rejected its use in as
tronomy and medicine. This iconoclast even dared to challenge some physical 
views of the I Ching. For instance, he commented on the hexagram ch 'ien: "The 
[hexagram ch 'ien of the] I Ching reads: 'Fire turns to what is dry; water flows to 
what is wet.' Indeed, water also penetrates into the dry. If dry soil accumulates 
on the surface for a long time, water will rise from beneath, and tum it to wet 
soil."25 

Another iconoclast was Motoki Yoshinaga (Ryoei, 1735-1794), a Nagasaki 
official translator, and the first Japanese to introduce Copernican heliocen
trism.26 In his major work, Seijutsu hongen taiyo kyiiri ryokai shinsei tenchi 
nikyii yohoki (The use of the newly made celestial and terrestrial globes in un
derstanding the origins of astronomy and the sun, 1791 ), Motoki described the 
heliocentric solar system and also compared Western astronomy with Chinese 
astronomy: "Japanese and Chinese scholars use the yin-yang wu hsing theory to 
elucidate astronomy and geography. The Dutch do not use the theory of yin
yang wu hsing in their discussions of astronomy and geography. They do not 
even have the term yin-yang. For the rest, [Dutch ideas] are similar to those of 
the Japanese and Chinese."27 Because of his official status, Motoki could not 
openly attack the theory of yin-yang wu hsing. However, implicitly he held that 
rangaku had nothing to do with it, and he himself did not use it in his writings. 

The second camp consisted of scholars who sought to accommodate Western 
science to the traditional cultural system.28 In astronomy and physics, they used 
the I Ching to justify their advocacy of Newtonian physics, Copernican helio
centrism, and other recently imported Western ideas. 

25 Maeno Ryotaku, Kanrei higen [Secret words from a narrow perspective, 1777], in 
Numata Jiro and Matsumura Akira (eds.), Nihon shiso taikei, vol. 64, Yogaku, part I 
(Tokyo: Iwanami shoten, 1976), p. 155. 

26 In the Copernican heliocentric system, the planets are considered to move in cir
cular orbits around the sun. Modem astronomy was built on the foundation of the Coper
nican system. It was introduced to China in 1767. 

21 Nihon shiso taikei, vol. 64, Yogaku, part I, p. 343. 
28 The importance of Western science was generally recognized by late Tokugawa 

scholars. Unlike earlier scholars who identified Western science with ch 'i (material, 
physical knowledge), late Tokugawa scholars equated Western science with Chu Hsi's 
philosophy of ch 'iu-li (kyiiri, investigation of principle), and thus made it a central part 
of the neo-Confucian system. See Craig, "Science and Confucianism in Tokugawa Ja
pan." See also Sugimoto Masayoshi and David L. Swain, Science and Culture in Tradi
tional Japan (Cambridge, MA: MIT Press, 1978), pp. 303-6. 
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Shizuki Tadao (1760-1806), a student of Yoshinaga's, introduced Newto
nian physics to Japan.29 His main intellectual concern was with accommodating 
Western science to the neo-Confucian system. Like many seventeenth-century 
Western authors who found support of Copernican heliocentrism in the Bible, 
Shizuki used the I Ching to demonstrate that many Western scientific ideas had 
existed in ancient China, and thus were compatible with Confucianism.30 In his 
work on the origins of the solar system, Konton bunhan zusetsu (An illustrative 
explanation of the beginning of the universe, 1802), Shizuki used the I Ching 
and other Chinese classics to explain Western physics and chemistry. For in
stance, he showed why the different densities and compositions of things were 
the result of physical and chemical reactions: 

When water evaporates, salt remains. When fire bums, ashes remain. The Chi
nese classic [Huai-nan tzu] writes: "Light and pure stuff rose and became 
heaven; heavy and impure stuff descended and formed the earth." In addition, the 
I Ching reads: "The sages established the way of heaven and called it darkness 
and brightness. They established the way of earth and called it firmness and soft
ness." Although these quotations refer to physical forces and substances, they are 
also applicable to [the explanation of] heaven and earth.31 

29 Newtonian physics, introduced in China in 1852, explains how every particle of 
matter in the universe attracts every other particle, and why the planets move in orbits 
and do not fly off into space. 

30 "The theory of native origin" was indeed a very common means of cultural adap
tation, used by Tokugawa Confucians, kokugaku (school of national learning), and Bud
dhist scholars to integrate Western science into their own system. Hirata Atsutane ( 1776-
1843), a kokugaku scholar, argued for the Japanese origins of Western science using 
Shinto mythology. For instance, he asserted that the notions of heliocentricity and gravi
tation had already appeared in the Kojiki (Records of ancient matters, 712), and that these 
ideas were transmitted to the West from Japan in ancient times. Monno (1700-1763), a 
Pure Land monk, accommodated Western astronomy to traditional Indian and Buddhist 
cosmology, the Sumeru theory, believing that many Western ideas could be found in 
Buddhist sutras. In the Sumeru system, the universe consists of eight levels, with the Mt. 
Sumeru at the center, and the sun, the moon and the stars revolving around it. All heav
enly bodies are spheres and move in concentric orbits. Some Tokugawa and Meiji Bud
dhists also found the ideas of the four-element theory and the seven-day week in Bud
dhist sutras. In addition, Buddhist ideas of gokumi ( extremely small) and fukakenryoku 
(force unseen) functioned as background for the introduction of Western chemistry in 
late Tokugawa Japan. See Togo Tsukahara, Affinity and Shinwa Ryoku: Introduction of 
Western Chemical Concepts in Early Nineteenth-Century Japan (Amsterdam: J. C. Gie
ben, 1993), pp. 50-55, 90-97. 

31 Saigusa Hiroto (ed.), Nihon tetsugaku zensho, vol. 9, Jukyoka no shizenkan, ten
mon, butsurigakuka no shizenkan [Buddhists' and physicists' views of nature] (Tokyo: 
Daiichi shobo, 1936), p. 200. 
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Having introduced the laws of Newton in the Rekisho shinsho (New book on 
calendrical phenomena, 1798-1802, published after the Meiji Restoration), Shi
zuki reminded his readers that they could find the same physical principles in 
the I Ching: 

The expansion of force always implies the contraction of material. The contrac
tion of material always implies the expansion of force. Because of expansion and 
contraction, change is everlasting. Since force is monistic, everything is one. We 
dare not discuss the underlying principle concerning the cause of movement. If 
you want to understand the subtle principles of movement and density, you 
should study the/ Ching.32 

Shizuki went so far as to attempt to reconcile the traditional theory of ch 'i 
and Newtonian mechanics. 

The space of the universe contains only one substance, ch 'i, but it can also be 
either empty or full. Thus in one there is two, and in two, one. If there were only 
the one, there could be no difference between the rarefied and the condensed. 
The heavens are light and rarefied. The earth is heavy and condensed. Is there not 
then a difference between the rarefied and the condensed? By the existence of 
these two contrary principles the phenomena are caused in endless succession. 
Because of the oneness of the substance, the universe is monistic. The cause of 
these principles is beyond my comprehension, but the best way to comprehend 
the subtlety of these principles is to study the teachings of the/ Ching. 33 

Shizuki endeavored to unravel Copernican heliocentrism. At the beginning, 
he was caught in a dilemma because the theory conflicted with the orthodox 
Confucian idea of geocentricity. He recalled this struggle: "Heaven is yang and 
earth is yin. Movement is the attribute of yang and non-movement is the attrib
ute of yin. If the earth moves, it goes against the attributes of yin-yang. How
ever, when I examine the idea of the Westerners over and over, it is hard to say 
that Western theory is not solid in its view of the mathematical principles of 

32 Saigusa Hiroto (ed.), Nihon tetsugaku shiso zensho [Anthology of Japanese philo
sophical thought], vol. 6, Shizenhen [On nature] (Tokyo: Heibosha, 1956), pp. 145-46. 

33 Quoted in Nakayama, A History of Japanese Astronomy, p. 183. By using ch 'i to 
explain the force of particles, Shizuki was close to Miura Bai' en ( 1723-1785), a student 
of Western learning who mixed the/ Ching with Western philosophy and physics. Both 
of these scholars discussed this important aspect of Newtonian theory within the context 
of the/ Ching. See Nihon gakushiin (ed.), Meijizen Nihon butsurikagakushi [History of 
physics in pre-Meiji Japan] (Tokyo: Nihon gakujutsu shinkyokai, 1964), p. 45. On Shi
zuki's application of ch 'i to explain the concept of particles and the law of gravitation, 
see Tadashi Yoshida, "The Rangaku of Shizuki Tadao: The Introduction of Western 
Science in Tokugawa Japan" (Ph.D. diss., Princeton Univ., 1974), pp. 234-43. 
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movement."34 How could this dilemma be overcome? Shizuki did not discard 
the basic framework of yin-yang dualism, but added a footnote: yin-yang in the J 
Ching is a relative concept. When it refers to force, heaven is yang and earth is 
yin. When it refers to material, heaven is yin and earth is yang. Therefore, yin
yang theory did not necessarily conflict with heliocentricity. Shizuki even 
quoted the hexagram shih ho (biting through) to demonstrate that the Chinese 
had long known ofheliocentricity. 

I have the following idea: The main objective of the J Ching is to praise the won
der and function of heaven and earth. When it discusses the force of heaven and 
earth, or heaven-as-force and earth-as-material, heaven is yang and earth is yin. 
However, when it refers to the material of heaven and earth, it undoubtedly treats 
heaven as soft and light yin, and earth as tough and solid yang. It is like the 
hexagram shih ho in the / Ching. It reads: "There is something between the cor
ners of the mouth." Mouth and the thing are the earth, the space inside the mouth 
is heaven. Yang lines [unbroken lines of the hexagram] represent the mouth and 
the thing, whereas yin lines [broken lines] represent the space [inside the mouth]. 
Hence, from this explanation, we come to know clearly that the material of 
heaven is yin and the material of the earth moves around heaven. 35 

Shizuki was convinced that Westerners were knowledgeable about physics 
(gi), but not about principle or metaphysics (ri). He could not accept the West
ern notion of God, either in its Christian or Aristotelian form, as the underlying 
principle behind physical phenomena. His ultimate intellectual concern was to 
replace Western theological metaphysics with a neo-Confucian metaphysics for 
Western science. Regarding yin-yang wu hsing as the supreme metaphysical 
principle, he regretted that "Western countries know nothing about yin-yang wu 
hsing."36 He strove to fuse Western physical ideas with the neo-Confucian 
metaphysical principle of yin-yang wu hsing. In the Kyiiryokuhoron (Treatise on 
the law of attraction, 1784), he used yin-yang wu hsing theory extensively to 
interpret the astronomy and physics of a Newtonian scholar, John Ke ill ( 1671-
1721 ). For instance, he applied yin-yang to explain attraction, gravitation, action 
and reaction, and employed wu hsing to illustrate the theory of particles.37 Shi
zuki's idea of yin-yang relativity was widely accepted by students of Western 
science, and overall his scholarship powerfully shaped the direction of astron
omy and physics in the late Tokugawa period. 

34 Saigusa, Nihon tetsugalcu shiso zensho, vol. 6, Shizenhen, p. 136. 
35 Saigusa, Nihon tetsugaku shiso zensho, vol. 6, Shizenhen, p. 139. 
36 Hirose, Nihon shiso taikei, vol. 65, Yoga/cu, part 2, p. 232. 
37 See Hirose, Nihon shiso taikei, vol. 65, Yoga/cu, part 2, pp. 33-35, 38-39. Naka

yama Shigeru explains that since there were no words in the Sino-Japanese vocabulary 
that could adequately express Newtonian physics, Shizuki had to use Chinese terminol
ogy in his translation ofKeill's work. See Nakayama, Academic and Scientific Traditions 
in China, Japan and the West (Tokyo: Univ. of Tokyo Press, 1984), p. 194. 
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Yamagata Banta (1748-1821), a popularizer of Copernican theory, bor
rowed heavily from the scientific views of Shizuki's Rekisho shinsho in writing 
his major work, Yume no shiro (In place of dreams, 1802-1820). He adopted, 
for instance, Shizuki's idea of the relativity of yin-yang to accommodate helio
centricity to traditional yin-yang ontology.38 However, unlike Shizuki, Yama
gata was critical of wu hsing theory and rejected its application to medicine and 
astronomy. Thus, while he believed in the superiority of Western science, he 
also accepted the superiority of Eastern ethics. According to Yamagata, the 
Confucian classics, despite their excellence in moral teaching, were deficient 
when it came to science. For example, he pointed out that the notion of a round 
heaven and a square earth found in the I Ching was clearly incorrect in light of 
Western theories.39 

Yoshio Nanko (1787-1843), an official translator of the Nagoya domain, 
was also deeply influenced by Shizuki. He restated many of Shizuki's ideas in 
his Chido wakumon (Inquiry into the movement of the earth, 1823). Like many 
other rangaku scholars, he asserted China's superiority in metaphysics, but ad
mitted the West's excellence in physics. Thus, he defended the I Ching from 
attacks that its scientific views were erroneous. First, he regarded the / Ching as 
the essence of Chinese culture, and as a tool that enables the people to under
stand gods and spirits, and the wonder of creation. Hence, he did not think hu
mankind is in a position to judge this sacred book. 

The ability of the Chinese was to create the ideas oft 'ai chi (Great Ultimate) and 
the two poles, and to investigate the images and numbers. They made the / Ching 
which enables us to communicate with gods and spirits. Master Shizuki Tadao 
understands the core of heliocentricity through Tycho Brahe and Nicolaus Co
pernicus, and the Newtonian system through Isaac Newton and John Keill. In !he 
Rekisho shins ho, he writes: "If you do not study the / Ching, you will not under
stand the wonder of creation." How can shallow scholars comment on the / 
Ching lightly?40 

Second, he borrowed the notion of yin-yang relativity from Shizuki. Ac
cording to the principle of the I Ching, heaven is mobile yang and earth is un
moving yin. Yoshio added that movement is a relative concept and depends on 
one's point of reference. When one talks about the principles of the I Ching with 
the earth as one's point of reference, heaven is moving; when one observes the 
earth from heaven, the earth is moving. "Now, we see mountains, rivers, 

38 See Craig, "Science and Confucianism in Tokugawa Japan," p. 142. 
39 See Yamagata Banto, Yume no shiro, in Mizuta Norihisa (ed.), Nihon shiso taikei, 

vol. 43, Tominaga Nakamoto, Yamagata Banta (Tokyo: lwanami shoten, 1973), pp. 
429-30. 

40 Yoshio Nanko, Chido wakumon, iri Yogaku, part 2, Nihon shiso taikei, vol. 65, pp. 
161-62. 
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grasses, trees are motionless yin," Y oshio argued, "and the sun, the moon, and 
stars are moving yang. If we talk about the principle of the / Ching from the 
moon's perspective, the moon is a motionless yin, whereas the earth is a moving 
yang."41 Thanks to the theory of yin-yang relativity, scholars of Western learn
ing were able to defend Confucianism and to promote Western science at the 
same time. 

The / Ching also played a role in the introduction of applied physics. In the 
nineteenth century, some Japanese used yin-yang theory to explain the princi
ples of electricity. Hashimoto Sokichi ( 1763-1836), a forerunner of the study of 
electricity in Japan, absorbed the principles of electricity by reading Dutch texts, 
and proved his understanding by conducting experiments and making simple 
electrical devices. His book Oranda shisei erekiteru kyiirigen (An investigation 
of the origins of electric devices invented by the Dutch, 1811) introduced the 
study of electricity and described the ways in which electricity was used in 
Holland. He held that the principles of electricity could be found in the images 
of the / Ching, because both those images and electricity were subject to the 
same natural principle of the universe. In the preface, he wrote: 

The principles of electricity reveal the fact that everything from big things like 
heaven and earth to small things like com dust is subject to the same principle. 
Natural phenomena like wind, rain, thunder, lighting, earthquakes, and shooting 
stars can be created, and experimented on by us. We are now able to know the 
movement of a mini-universe which represents heaven and earth. This knowl
edge should also be used to promote moral teaching. I use the activity of the / 
Ching to illustrate the principles of the rise and fall of yin and yang . ... If you 
investigate the principles [ of electricity] by looking at the activity of the / Ching 
through its images from this book, you will feel like a man who has been awak
ened from a billion-year-sleep by the first rays of sunlight shinning through the 
window.42 

Hashimoto was thus conciliatory: there was no insurmountable barrier be
tween science and ethics; Western science and Confucianism could enrich each 
other. In the book, he attempted to employ the ideas oft 'ai-chi, yin-yang, and 
the hexagrams to explain the principles of electricity. 

Another rangaku scholar, Kasamine Tachii, wrote the Erikiteru zensho (An
thology of electricity, 1814) to explain the principles of electricity and physics 
using yin-yang theory. He attributed his ideas to two pioneers of electricity in 
Japan, Katsuragawa Hoshii (1751-1809) and Takamori Kanko (1750-1830). 
Kasamine's most significant idea was perhaps the use of yin and yang to illus
trate the functions of negative and positive ions. For instance, he explained the 

41 Yoshio, Chido wakumon, in Yogaku, part 2, Nihon shiso taikei, vol. 65, p. 162. 
42 Saigusa Hiroto (ed.), Rigaku, Nihon kagaku koten zensho [Anthology of Japanese 

classical writings on science], vol. 6 (Tokyo: Asahi shinbunsha, 1978), p. 584. 
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occurrence of electricity in nature: "Electricity is a force of yang caused by the 
physical reaction of two yang. Applying this principle to reality, when the force 
of yang in the sky collides with the force of yang on the ground, thunder and 
lighting will occur. This explains why we have thunder in the summer, but not 
in the winter."43 

In addition to astronomy and physics, other branches of science also under
went a similar process of acculturation. In particular, medicine and weaponry, 
two other major fields in Western learning in the Tokugawa period, deserve our 
attention. 

Medicine was perhaps the most important element of Western learning in 
late Tokugawa times. Over the years, Dutch medicine came to supplement 
rather than replace Chinese medicine. Students of Dutch medicine reached a 
consensus on two conclusions. First, in the field of surgery and pathology, 
Western methods were more advanced, while Chinese techniques were superior 
in anesthesia and internal medicine. Second, Western and Chinese medicines 
shared many common features. Some ranpo (Dutch-style) physicians suggested 
that Western medical ideas had existed in ancient China. 

There were many attempts to fuse Dutch medicine with Chinese medicine 
using the I Ching and other Chinese classics. In the early Tokugawa period, Ko
bayashi Kentei upheld the ideas of the five agents and the six climatic factors in 
his explanation of nanban-ryii (Portuguese-style) medicine. Baba Nobutake 
emphasized that both the I Ching and medicine (both Western and traditional) 
share the same natural principle, and that one could not understand medicine 
without the help of the I Ching. In the late Tokugawa period, Hirokawa Kai, a 
physician attendant to the court, studied Dutch medicine in Nagasaki, and in 
1803 translated and annotated some Dutch medical texts. His translations were 
influenced by Chinese medical terms, which inevitably carried Chinese mean
ings with them. For example, he translated the word "distiller" as inyo-kisei-ro, 
literally, "a furnace fusing yin and yang'; both inyo and kisei were terms bor
rowed from the I Ching. He also used the ideas of yin-yang and wu hsing in his 
analysis. Otsuki Gentaku (1757-1829), one of the most important rangaku 
scholars, stressed similarities between Western and Chinese medicines in his 
Rangaku teiko (An introduction to translations from Dutch sources). He pointed 
out that the ideas of yin-yang wu hsing and ching-luo (channels and collateral) 
do not contradict theories of Western medicine. Ikeda Zuisen (1733-1816), a 
smallpox and measles specialist, and the official lecturer at the Medical Acad
emy in the central court government, also mixed Chinese and Western elements 
in his medical thinking. In a book on smallpox published in 1821, he used yin
yang, wu hsing, and other I Ching-related ideas to explain the treatment of 

43 Kasamine Tachii, Erikiteru zensho [Anthology of electricity], in Edo kagaku ko
den sosho [A collection of classical writings on science in Edo Japan], vol. 11 (Tokyo: 
Kanwa shuppan, 1978), p. 14. 
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smallpox. As a final example, Komori Tou (1782-1843) and his student Ikeda 
Tozo attempted to use the principles of the I Ching to explicate Western medical 
ideas.44 

The relationship between the I Ching and Western weaponry was even more 
striking.45 Various schools of artillery in Tokugawa Japan commonly used the I 
Ching to elucidate Western artillery. Tokugawa artillerists also attempted to link 
Western weaponry with Chinese metaphysics. For example, Minamoto Tane
naga, a student of gunnery under the Dutch in Nagasaki and the founder of an 
artillery school, used the yin-yang wu hsing principle to illustrate the structure of 
a cannon. Identifying the barrel with yin, and the gunpowder charge with yang, 
he pointed out that the ideal of the I Ching-the unity of yin and yang-was 
reached in cannoning. He manufactured and tested a variety of cannons, and 
concluded that range and trajectory were subject to fluctuations in yin-yang and 
to the promotion and control of the five agents. His grandson, Taneoki, recalled 
Tanenaga's teachings: 

One day, my grandfather suddenly realized the ultimate principle of gunnery. He 
elaborated it and surprisingly found out that it was in accordance with the princi
ple of yin-yang wu hsing, the wonderful application of the theory behind the uni
verse. Hence, he treated the barrel as yin, and the gunpowder as yang. Consider
ing the change of yin-yang and the promotion and control of wu hsing, the range 
and trajectory of the cannon ball would not err beyond a one-mile range. Devel
oping the numerology [of the / Ching], he classified nine kinds of cannon ac
cording to their length and size.46 

Sakamoto Tenzan (1745-1803), also the founder of an artillery school, is 
remembered for inventing a movable gun carriage. It could rotate 180 degrees 
horizontally and 80 degrees vertically, and in principle was similar to today's 
anti-aircraft gun. Some Japanese scholars regard it as one the most important 
innovations of the Tokugawa period. Sakamoto wrote two books, Shuhatsu 
zusetsu (An illustrative explanation of the movable gun carriage) and Shuhatsu 
shuekisho benshaku (An explanation of the movable gun carriage through im
ages of the I Ching), which illustrated the principles that underlay his movable 
gun carriage in terms of the images and numbers contained in the I Ching. 

44 See Wai-ming Ng, "The/ Ching in Tokugawa Medical Thought," East Asian li
brary Journal (Fall 1998), forthcoming. 

45 On the role of the / Ching in the reception of Western artillery in Tokugawa Japan, 
see Wai-ming Ng, "The/ Ching in the Military Thought of Tokugawa Japan," Journal of 
Asian Martial Arts, vol. 5, no. 1 (Mar. 1996): 11-29. 

46 Imamura Yoshio (ed.), Jikaku meigikai [An explanation of terms used in the Ji
kaku school], in Nihon budo zenshu [Anthology of Japanese martial arts], vol. 4, Ho
Jutsu, suijutsu, ninjutsu [Gunnery, water tactics, and the way of the ninja] (Tokyo: Jim
butsu oraisha, 1966), p. 105. 
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Another specialist in gunnery, Mishima Bokushfi, used the yin-yang princi
ple to demonstrate the functions of saltpeter and sulfur in explosive devices, 
such as cannon and firearms. For example, he explained how these chemicals 
were mixed: "When yin becomes extreme, yang arises. When yang becomes 
extreme, yin arises .... There is yang inside yin and yin inside yang . ... Saltpe
ter is heaven; it is yin caused by yin entering yang under the sun. Sulfur is the 
earth; it is yang caused by yang entering yin above the sun."47 

Sakuma Shozan (1745-1803), a student of the Takashima school, the most 
active and Westernized school of artillery in the late Tokugawa period, wrote 
the Hoka (The hexagrams of a cannon), which used the I Ching exclusively to 
demonstrate the principles of Western artillery. According to Sakuma, one day 
when he was teaching his students artillery, a student asked whether the West
erners were superior to the sages because the former knew artillery, while the 
latter only knew archery. Sakuma replied that the sages created the wonderful 
images in the I Ching, which could explain everything, including the principles 
of artillery and archery. Hence, he wrote the Hoka, in which he reinterpreted the 
hexagram k 'uei ( opposition) to explain the structure, functions, and political 
implications of Western artillery. In this explanation of the whole image, he 
associated each of the six lines with a different part of a cannon. "In terms of the 
whole picture, the rear [the first line from the bottom] represents the tail-end, the 
next [the second line] is the tail. These two are fairly heavy and are symbols of a 
solid cannon's tail. The tail has a hole in the middle; this is the fire-hole [the 
third line]. The thing lying vertically is the barrel [the fourth line]. The empty 
space at the head is the muzzle [the fifth line]. It solidifies the upper part [the 
top line]. Who can say this is not the image of a cannon?"48 This quotation can 
be demonstrated by the illustration on the next page.49 

Sakuma also used wu hsing theory to interpret the image of the hexagram 
k 'uei. 50 This hexagram is composed of two parts: the Ii trigram 55 at the top, 

and the tui trigram 55 at the bottom. According to the principles of wu hsing, Ii 
represents fire, and tui represents metal. Sakuma claimed that this represents the 
image of a cannon, showing that the cannon ball causes fire when it flies out 
from the metal barrel and the muzzle. He explained: "The meaning [of the im-

47 Morishige-ryii hojutsu sanshukan [On the three kinds of artillery techniques of the 
Morishige school], quoted in Nishizawa Yiishichi, Nihon kajutsu yakuho no maki [A 
scroll on cannons and explosives in Japan] (Tokyo: Togakusha, 1935), pp. 15-16. 

48 In Shinano kyoikukai (ed.), Shozan zenshii [Complete works of Sakuma Shozan], 
vol. I (Nagano: Shinano kyoikukai shuppanbu, 1975), p. 4. 

49 This illustration is modified from Maeno Kiyoji, Sakuma Shozan saiko [Rethink
ing Sakuma Shozan] (Nagano: Ginka shobo, 1977), p. 114. 

50 In a letter to a friend in 1837, Sakuma declared that wu hsing theory was "clearly 
compatible" with Western learning. 
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age] is that the fire comes out of a golden mouth. Fire also means flying; mouth 
also means shooting. Hence, it is an image of gunnery."51 

Fire hole (third line) 

Tail-end 
(first line) 

l Head (top llne ..,_ _____ __, 

-Top J 
"' - - Fifth LI 

- Fourth 
- - Third J 
- Second Tul 
- First 

Barrel (fourth llne) 

The rangaku scholars that we have mentioned here demonstrated in their 
thinking the prevalent attitude toward the relationship between Confucianism 
and Western science. There were, of course, many more late Tokugawa scien
tists who used the / Ching to illustrate the principles of Western science. These 
include Nishimura Tosato (d. 1787, astronomer and mathematician), Shiba Ko
kan (1738-1818, astronomer), Takahashi Yoshitoki (1764-1804, astronomer), 
Suzuki Bokushi (1770-1842, physicist), Hoashi Banri (1778-1852, physicist), 
Hirata Atsutane (1776-1843, calendrical scholar), Ito Keisuke (1803-1901, 
botanist), Sato Setsuzan (1813-1859, astronomer and mathematician), and 
Takeuchi Sekimei (d. 1871, astronomer and mathematician). Each was a signifi
cant scholar and deserves study. However, that is something beyond the scope 
of this article. 

51 Shinano kyoikukai, Shozan zenshu, vol. I, p. 4. 
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Conclusion 

The main intellectual and cultural theme of Tokugawa Japan is not the conflict 
between tradition and modernity, or between the East and the West, but the ac
commodation of Western ideas to Japan's traditional cultural system.52 Histori
ans of Japan tend to emphasize the modernity of popularizers of Western learn
ing in Tokugawa times, and to overlook that these people had received a Confu
cian education and viewed Western ideas through the lens of the Confucian in
tellectual system. 53 Very few abandoned their belief in Confucianism, although 
individual scholars questioned this or that doctrine, such as the wu hsing theory 
of promotion and control. Their use of the / Ching illustrates the subtle relation
ship between traditional culture and Western learning, and the continuity be
tween tradition and modernity. 

Students of Western learning freely used the/ Ching to advocate their under
standing of Western ideas. As they did so, they developed two important meth
ods of absorbing Western ideas. The first was to contend that Western ideas had 
existed in ancient China, and were lost or forgotten during later generations. 
Thus, the acceptance of Western ideas meant a return to a lost or neglected cul
tural tradition. The second method involved transplanting Western ideas into a 
Confucian metaphysical framework, that is a framework primarily based on the 
I Ching. The premodern Confucian mind required a metaphysical base for 

52 For a presentation of modernization as a lineal and universal development based 
on Western models, see Marion J. Levy, Jr., Modernization: Late Comers and Survivors 
(New York: Basic Books, 1972), and John Hall, "Changing Conceptions of the Moderni
zation in Japan," in Jansen, Changing Japanese Attitudes toward Modernization. For a 
critical but somewhat emotional overview of modernization theory, see John Dower, 
"Japan and the Uses of History," in Dower (ed.), Origins of the Modern Japanese State 
(New York: Pantheon Books, 1975), pp. 3-101. See also Wai-ming Ng, "Nihon kindai
karon" [Modernization in Japan] in Jiyu (Tokyo, Oct. 1994): 10-20. 

53 Grant Goodman's earlier work, The Dutch Impact on Japan (Leiden: Brill, 1967), 
emphasizes the modernity of Dutch studies and treats it as a force that weakened Confu
cianism. In his recent work, Japan: The Dutch Experience ( 1986), he has changed his 
position completely. Now, he regards Dutch studies as a "technology without ideology" 
(p. 228), and points out that most rangaku scholars were still very Confucian in their 
intellectual orientation. Likewise, Nakayama Shigeru has also modified his views on the 
relationship between Western science and Japan's tradition. In his A History of Japanese 
Astronomy (1969), Nakayama views Western astronomy and traditional cosmology as 
two basically. incompatible systems. In his The Academic and Scientific Traditions in 
China, Japan, and the West (1984), he concludes that Western astronomy was "simply 
incorporated into the old framework" (p: 195) and was used "to strengthen the fabric of 
their [East Asian] tradition" (p. 197). 
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knowledge. Theory devoid of metaphysics was unacceptable. Western scientific 
writings did not necessarily come with a metaphysical framework, or when they 
did, the metaphysics was little understood and was considered incompatible 
with the Confucian cultural tradition and the Edo bakufu's cultural policy. Neo
Confucian metaphysics which drew upon the interpretation of the / Ching by 
Sung scholars became an integral part of Tokugawa thought. As a result, To
kugawa intellectuals attempted to fill this space by providing Western science 
with a Confucian metaphysical foundation. 54 The / Ching was used more often 
than other Chinese classic because its abstract ideas provided more theoretical 
flexibility and metaphysical wisdom. 

As Western science developed within the neo-Confucianism of Tokugawa 
Japan, the traditional cultural system was sustained and largely left unchal
lenged, at least until the end of the Tokugawa period. In other words, Western 
science was transplanted into the neo-Confucian tradition without causing bitter 
metaphysical disputes. 55 Most scholars of Western learning were indeed quite 
Confucian in their intellectual orientation. Their use of the I Ching and other 
Chinese classics to elucidate Western ideas was a product of this cultural natu
ralization, a common phenomenon in nineteenth-century East Asia. Of course, 
the degree to which this movement was successful and whether it was conducive 
to Japan's cultural development is debatable. It is clear that Western science and 
traditional learning were not always fully compatible and that the adaptation or 
naturalization of Western science was sometimes far-fetched and incomplete. 56 

54 Tokugawa intellectuals were perhaps unfair in accusing Western science of lack
ing a metaphysical base. Indeed, the West had developed different versions of natural 
law, theological and atheist beliefs, and cosmological and ontological speculations. 
However, none seemed compatible with the East Asian cultural tradition and tolerable in 
the Tokugawa political and cultural setting. Grant Goodman also points out that the theo
retical basis of Western astronomy was little understood during the Tokugawa period. 
See Japan: The Dutch Experience, p. 8. Nakayama Shigeru documents how Tokugawa 
translators left out the theological argumentation in the Western texts. See his "Abhor
rence of God in the Introduction of Copernicanism into Japan," Japanese Studies in the 
History of Science, no. 3 (Tokyo, 1964): 60-67. 

55 Nakayama Shigeru is surprised that Western astronomy had such a smooth recep
tion in late Tokugawa Japan, and that the Copernican and Newtonian theories did not 
evoke bitter ideological opposition. See A History of Japanese Astronomy, p. 187. "The 
Confucian framework of ideas," he argues, "became flexible enough to include Western 
science with no serious ideological difficulty. The acceptance of Western learning was 
facilitated by two assumptions: that it was historically of Chinese origin, and that as a 
mere technique it supplemented Eastern values without threatening them" (p. 214). I 
think the / Ching demonstrates the flexibility of Confucianism. 

56 The incomplete importation of Western science arose from first, the fact that To
kugawa scholars seldom translated original Western works and only translated secondary 
materials from the Dutch. For instance, Shizuki did not translate Newton's Principia, but 
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To use a modern metaphor, Tokugawa scholars' efforts to integrate Western 
knowledge to the neo-Confucian system amounted to installing advanced soft
ware into an antiquated computer. Japan had to wait until the Meiji period 
( 1868-1912) to have its intellectual hardware upgraded; this occurred only 
_when Western education produced a new, modern generation ofthinkers.57 

secondary works by John Keill. Second, Tokugawa translations were partial and rough 
because most translators did not have a strong scientific background nor even the ability 
to read Dutch. Third, Tokugawa scholars were mainly interested in Western technology 
and applied science, and paid little attention to scientific methods, the philosophy of 
science, pure science, and mathematics. This partly explains why Western science did 
not inspire the equivalent of the Enlightenment in Tokugawa Japan. 

57 The role of traditional learning in the adaptation of Western science diminished 
but did not disappear in the modern period. Some Meiji and Taisho scholars used Bud
dhism and Shinto to accommodate the theory of evolution, pointing out that Buddhist 
ideas of transmigration and Shinto views of nature were compatible with the theory of 
evolution. See Masao Watanabe, The Japanese and Western Science (Philadelphia: Univ. 
of Pennsylvania Press, 1990), chaps 4, 5, 6. Likewise, in late Ch'ing and early Republi
can China, many scholars used the three-world theory in the Kung Yang Commentary on 
the Ch 'un ch 'iu to explain Darwinism and Social Darwinism. 
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