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THE IMPERIAL EXAMINATIONS
AND EPISTEMOLOGICAL OB-
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ABSTRACT

In this paper, my aim is to provide a partial ansteeNeedham’s Grand Ques-
tion, by arguing that the imperial examinations eveapistemological obstacles’
which hindered the development of modern scienderther argue that these
obstacles were present in the European universisesell, after which | eluci-

date the role of competitive patronage in overcaniiese obstacles.

1 Introduction

Over the course of his career Joseph Needham des&ssral formula-
tions of what has become known as ‘Needham’s Gamestion” While

each of those formulations share a common backgrdbey are all subt-
ly different questions: why modern science failed d@rise in China
(Needham 1972a), what the inhibiting factors inn@ke civilization that
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prevented such a rise were (SCC, 1), or why moderence was devel-
oped in Europe rather than in China, despite ttterla superior technol-
ogy. (Needham 1972b)

Each of these questions is of interest, but atighiconsidered, an an-
swer to any of them will always be incomplete. Thet that a Scientific
Revolution has only occurred once in history, amel sheer scope which
the investigation requires, render it unlikely thatsingle cause will ever
be pinpointed as the sole responsible factor -ven es the primary re-
sponsible factor.

This does not mean that there is reason for cynicieedham’s
Grand Question does not need to be entirely abauddne can consid-
er the various causes invoked in its solution; ome investigate factors
in Chinese and European society that allow for ll@manparison. By
dividing the question into various subquestiong] aorutinizing them,
one might on the long run develop an outline ofaaewer to the larger
guestion. For the purpose of this investigatiorshall consider Need-
ham’s Grand Question in its comparative form: llisbansider the social
and educational backgrounds of scholars in botlofiand China, and
consider whether there are any factors that may Imaade a significant
difference in the development of science.

The imperial system of examinations has often besd responsible
for hampering China’s development of modern scietgefact, it has
often been claimed to be the sole or primary itimgifactor in that re-
gard. The eminent historian of Chinese science &mat8ivin has re-
sponded quite viciously to such a claim (cfr. igfraand not unduly. Of-
ten, the inhibiting nature of the imperial examioas has been taken for
granted, without consideration of the situatiorEurope. In this paper, |
shall provide arguments for the inhibitive naturfetloe examinations
rather than taking it for granted. By identifyingnamber of ways in
which the examinations institutionally embeddectcated ‘epistemolog-
ical obstacles’, | hope to shed light on their bitive nature towards
natural science. Three such obstacles can be fidentan inclination
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towards the reading of books (over the direct itigason of nature), an
administrative-generalist focus and an inclinattonconform to philo-

sophical (and scientific) orthodoxy. After discugsithese obstacles, |
shall argue that, in many ways, European intelkdctircles embedded
the same obstacles. However, | also argue thasigmdicant factor was
present in Europe that was lacking in China: a csfitipe system of

patronage, which proved a key method of sociatitegtion for innovat-

ing European scholars.

2 Epistemological obstacles

Before beginning with the argument proper, the ephof an ‘epistemo-
logical obstacle’, which was developed by the Frephilosopher of
science Gaston Bachelard, must be introduced. &ime iis used to de-
scribe inhibiting ways of thinking that must be mame if science is to
progress. Bachelard identified many such obstaelenception of the
unity of nature, overgeneralisation and even owgjiold realism. (Bache-
lard 1989) Most of these identifications are irvelet to this paper, but |
shall reference one patrticular obstacle. Despigefdéiat that | will only
draw upon it later, | shall describe it here, amight shed light on the
concept.

Bachelard argues that a pragmatic attitude towkndsviedge is an
epistemological obstacle. Pragmatism is concernigd kmowledge that
can be applied; therefore it concerns itself widkcalled ‘common know-
ledge’. For Bachelard, ‘common knowledge’ is thenfoof knowledge
that (a) is instrumental, (b) is wholly empiricalhd (c) barely evolves.
He construes scientific knowledge as the exact sippof this formula-
tion. Scientific knowledge (a) is not concernedhwitstrumentalism, (b)
is theoretical, and (c) changes rapidly. These favms of knowledge
are separated by an ‘epistemological rupture’. $ease, common know-
ledge must be overcome in order to arrive at engific way of thinking.
(Bachelard 1975, ch. 6)
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Although this example clarifies the concept of arsemological ob-
stacle somewhat, it is rather radical. It couldilgdse debunked by a
pragmatist. However, with some modifications, thgument is still
forceful. A form of pragmatism that requires allokwiedge to have an
immediate impact in order to be worthwhile is indlee hindrance to
scientific thought. It is possible that the instemtal value of a scientific
theory is only discovered centuries later. Theefa ‘naive’ form of
pragmatism can still be considered an epistemcddgiostacle.

Later on, | shall argue that this particular egnsblogical obstacle
was institutionalized in the imperial examinatioftentifying such insti-
tutionalized obstacles was also part of Bachelapdtggramme. For in-
stance, he complained about the passive way chilatguire knowledge
in schools: science is an active process, andnbst be exemplified in
the school system as well. (Bachelard 1989, 12IR)sTepistemological
obstacles are not only found in abstracto: the latgcal tendencies
present in institutions such as the imperial exatiom system can be
investigated as well.

When | use the term ‘epistemological obstacle’alet it to mean a
negative causal factofor the development of modern science. | do not
consider causation in terms of necessary or sefficcauses; instead, |
treat it probabilistically. | define causal factangerms of Ronald Giere’s
theory of probabilistic causation on the level opplations. Although the
theory only considers binary variables (i.e. thespnce or absence of a
particular trait), it can be extended to other afalés. In the definition, the
two variables are C and E, with respective valuesx@€ Not-C and E and
Not-E.

C is apositive causal factofor E in the population U wheneveg§E) is
greater thanPx(E).

C is anegative causal factdor E in the population U whenevek(E) is
less tharP«(E).

C is causally irrelevantfor E in the population U whenevery(E) is
equal toP«(E). (Giere 1997, p. 204)
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U is the population under consideration. X is adilptical population
obtained by changing the value Not-C into the v&lu®r every member
of the population U which exhibits the value NotCis the hypothetical
population obtained by changing the value C in® ¥hlue Not-C for
every member of the population U which exhibits vh&ue C. The prob-
abilities in the definition are the relative freqees of the effect variable
in the populations X and K.

In order for claims about the Scientific Revolutionbe understood in
this sense, they must first be reduced to clainositgopulations, but this
feat is relatively easily achieved. As an examptmsider the claim that
the imperial examinations formed an epistemologmastacle for the
development of modern science. Translated intoeaieterminology, the
claim is that, if one were to construct a hypottatpopulation in which
all Chinese scholars were immersed in the impesamination system,
there will be fewer Chinese scholars who develomaern-scientific
mindset than in the case obtained by constructieghiypothetical popu-
lation in which no Chinese scholar is immersedhim imperial examina-
tion system. Necessary and sufficient factors fbeeedo not enter into
the picture.

3 The imperial examination system

As mentioned before, there are (at least) threet$aaf the imperial ex-
aminations that may take the role of inhibitingtéas in the development
of scientific thought: their consumption of a sarid time, their adminis-
trative-generalist focus and their enforcement rtfiadoxy. By not only

considering the examinations as a whole as a singblock, but instead
distinguishing several facets that served as apdtagical obstacles, a
comparison with the European situation shall primavbe possible. How-
ever, before one can appreciate the prevalencbhesetobstacles, it is
necessary to review the curriculum of the impegidminations and em-
phasize their status as an instrument of sociakmckment. After all, it is
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the high status of the examinations which alloweel ¢pistemological
obstacles to have such a great impact.

3.1 The curriculum

Since the Yuan dynasty (1279-1368), the curricuparimarily consisted
of the so-called Four Book®éxue ZhongyongMengziandLunyy and
their interpretation by Zhu Xi (1130-1200), whos®renentaries consti-
tuted orthodoxy until the abolition of the examinas in 1905. The or-
thodox status of his philosophy had a significampact on how the ex-
aminations were corrected: every answer had toocomivholly to Zhu's
orthodoxy. Showing not more than a sparkle of aaginterpretation in
the answer to a question automatically impliedufa] even if the candi-
date displayed flawless logic or brilliant ideakisTwas not the only dan-
ger for a candidate: even a minor ‘spelling’ efnad the same result. As
if these dangers weren't threatening enough, dcmrffly inadequate
answer even lead to the degradation of the caredig@ressey 1929, p.
256)

Aside from the Four Books, the Five Classi¥gig, Liji, Shujing
ShijingandChunqiy were also popular material. Questions on these tw
sets of books generally involved both reproductiod commentary. The
demands for reproduction were extremely high. Trevipus paragraph
already indicates that the reproduced text showlttimthe original com-
pletely. However, there was an added difficultye frassage that had to
be reproduced often was described very vaguelyealizving what pas-
sage had to be copied already was an endeavos owit. In one ques-
tion, for instance, the examinee was asked to §petiere in theLunyu
(better known as thénalectsof Confucius) a specific series of three
characters was found. In another question, theestuglas provided with
a single sentence from a classic work; he thenexaected to write the
sentence that followed upon it (and explain the¢ieeg (Miyazaki 1976,
pp. 20-21)
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Under the Ming dynasty (1368-1644), the governnissiied a more
varied curriculum, adding fields of study such asskmanship, archery,
calligraphy, law and music. Particularly this Ifigid is relevant, given
the involvement of mathematics in the study of mugluestions in this
field asked for the right length a pipe should hewerder to produce the
appropriate tones. (Elman 2000, p. 41 & pp. 4774834tronomical
guestions were asked as well, as this period wssatime of crisis for
the Ming calendar, which had been accurate for ntamguries, but was
then increasingly deviating. (EIman 2005, 2) Thegiions range from
the general to the specific: one question asks tvbycalendar had to be
revised frequently; another asks why solar eclipsesrded in the Five
Classics only occur on the first day of the monthjle those recorded
from the Han dynasty onward only occur on the st of the month.
(Elman 2000, pp. 468-469)

Not just any answer would do, however: even sdierquestions like
these had to be answered based upon the Dynastirids and Zhu Xi's
philosophy. The political import of the calendaways had to be kept in
mind. As a bureaucrat was supposed to be a modatiaral generalist,
he had to know how astronomy and mathematics dsawelalendar stu-
dies and musical harmony fit within ritual orthogoX0f course, the other
side of this coin meant that he only had to knoenthas far as they fit
into this orthodoxy. (Elman 2000, pp. 472-473, 483)

3.2 The examinations and social status

The imperial examinations were central to Chinesxety: they were the
ideal manner for acquiring a higher status. Pa@s§€gy compares the
successful graduate in Beijing with the Olympiarcteis of ancient
Greece, and states that the honors received bgttlke are nothing com-
pared to the honor of jjmshi or palace graduate. (Cressey 1929, p. 254)
After graduation, a student dined with high offisiand received permis-
sion and finances to construct a triumphal arcfrant of his house. His



62 D. DE SAEGER

promotion was declared by imperial edict and it upon a stone
column on the terrain of the Imperial Academy, @w@ozijian (Miyazaki
1976, pp. 84-87)

If a student reached the palace examinations, thgewor himself
would address him respectfully, as indicated by itieoduction to the
questions he (at least nominally) had prepareth®students:

You graduates are talented men who have qualifiegpeated examina-
tions and now, facing the palace examination, &@utito answer My
guestions. | am the Son of Heaven, responsiblgdoerning the Empire.
Night and day | rack My brains so that the peopik lve able to live in

tranquility. Fortunately | have this opportunity p@se questions to you
graduates and | wish to hear your well-considengidions upon the fol-

lowing. (Miyazaki 1976, p. 77)

While these examples all refer to the final exariimes held at the im-
perial palace, earlier examinations were also ssevery important. One
can recognize their special status from many aspacsociety, not the
least of which being folk tales. The examinatioreyavseen as a situation
where men suffered bad karma or suffered the reverigabandoned
women. There are numerous tales about women regufrom the dead
as ghosts to haunt the examinees during theistridhese ghosts were
reputed to cloud the minds of the examinees, ohide their writing
equipment, reducing their chances at passing. (82897, p. 45) The
actions of such ghosts were considered to beljushis view, failure on
the examinations was seen as a result of past iatrbehavior.

The high social status accorded to the examinati®msticeable in
the context of marriage as well. Powerful famileserted pressure on
palace graduates to divorce their wives and mamember of the fami-
ly. (Miyazaki 1976, p. 90) InThe ScholarqJulin Waish), a satirical
novel about the examination system, this vast impeeps through to the
lower levels of society: a butcher who regularlgaasgted his son-in-law
refused to do so after he had graduated, clainfiagto assault a gradu-
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ate would cast him into the deepest hell for afmty. (Miyazaki 1976,
pp. 58-62)

Even in the context of Confucianism, which emphesithe respect of
the young towards their seniors, it was possiblefderly men to humble
themselves before a young man with a higher degeman 2000, p.
286) An ancient Chinese proverb states that whéa thousand occupa-
tions are low-graded, only scholarship ranks higian 1985, p. 107)

It should not surprise us that Benjamin Elman ctiks imperial ex-
aminations aconditio sine qua nomo acquire prestige for the family in
the long term. (Elman 1991, p. 21) Not only didiposs in the bureau-
cracy come with more prestige than any other catieey also came with
greater power and higher income than any compapadition in trade or
in the military. (Elman 1989, p. 381)

Not only the graduates themselves were rewardegdssessing a de-
gree: aside from the increase in prestige, a liat$' family also gained
several financial and legal benefits. (ElIman 19215)

Given these conditions, it is no wonder Elman olesethat careerism
often overtook idealism when young men were facét the choice of
serving the family’s interests (which were valuestywhighly in Confu-
cian spheres) or serving their personal aspiratibmgeneral, those who
had sufficient time and wealth focused their attenon the examina-
tions. (Elman 1991, pp. 12-15)

L A licentiate orshengyuarwas a student who was allowed to take part in the
examinations that granted access to the bureauchaarder to be allowed to
take part in these examinations, one had to passdhool examinations first.
(However, one should not see these schools asl agdagogical institutions; in
general, they were only schools in name.)



64 D. DE SAEGER

3.3 Time consumption

Evidently, to be done properly, scientific studreguire a great deal of
work. Not only is it necessary to experiment (oohserve systematical-
ly), there is also a need for elaborate note-taking correspondence.
Such endeavors require a significant investmentinoé. However, the
imperial examinations stimulated scholars to spalhaf their time on
other matters, primarily the thorough study of antitexts.

Scholars participating in the imperial examinatialeslicated a great
deal of time to studies one would now considelidljsuch as the learn-
ing by heart of very large amounts of characterorter to indicate the
scope of these studies, it suffices to point oat #ach character of the
Five Classics and the Four Books had to be knoves@& two sets con-
sist of a total of 431,286 charactéréViyazaki 1976, p. 16) Earlier dis-
cussion of the curriculum clarifies the painstakiotgfail to which they
were to be known. The Dynastic Histories were @lag of the curricu-
lum. During the Song (960-1279), there were alreselyenteen works of
this nature; during the Qing (1644-1911), this nemad grown to twen-
ty-two.

As all these works are written in classical Chinesavas necessary
for a student to learn another language. Aftertiadl,differences between
classical Chinese and the contemporary vernactganat to be underes-
timated: classical Chinese uses quite differentngnatical forms, as well
as significant amounts of unusual characters. Agmta all this, the stu-
dents were forced to learn Mandarin, the dialechroon to the bureau-
cracy. (Elman 1991, p. 16)

Under such conditions, students were requiredax Hteir education
quite early, as well as being forced to spend alrathof their available

2 This number represents the total number of charscas opposed to the num-
ber of unique characters.
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time wading through ancient texts. From the viewpaf scientific
progress, this time could easily have been spdigrben other ventures,
such as the unmediated study of nature.

3.4 Administrative-generalist focus

Confucian literafl strived to be generalists, in both the sphereffafial-
dom and ritual — two domains which were closelyrmmied in Chinese
culture. As ritualists, the literati needed su#iai knowledge to perform
the appropriate rites; as officials, they needefficent knowledge to
guide specialized laborers in their duties. Thistisa will review this
second element, namely the fact that Confuciarciafé were strongly
focused on solving social problems by overseeirgcigfist labor. As
Michael Lackner writes, “[tjlechnological performa@nwas left to petty
specialists, or at best to second-rate intellestughereas the men who
saw their main task in preserving the core of Cégnknowledge con-
tended themselves with condescendingly guiding sugervising the
needed practical efforts.” (Lackner & VittinghofD@4, p. xiv) Mary
Wright describes the Chinese view of the idealddfias a “well-rounded
‘universal man™ who calls upon members of a loweon-bureaucratic
social class for specialized services. (Wright 195¥ 91-92) Confucius’
proverb “[a] gentleman does not behave as an imgi¢h{Analecta, p.
7) was considered to justify this attitude.

Two distinct aspects can be identified in the pasiof these officials:
firstly, a pragmatic attitude and, secondly, a posiof leadership. Both
of these elements can be identified as an epistagitall obstacle.

The pragmatic attitude has already been discuss#tkiintroduction
to the concept of an epistemological obstacle: \artly pragmatic ap-

3 In a Chinese context, the term ‘literati’ refensthe class of scholar-bureaucrats
in charge of the administration.
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proach, one that focuses only on the use of knayeedther than on its
inherent value, supports only common knowledge d-iarorder to tran-

scend that level of knowledge, in order to arrivecentific knowledge,

one must break away from immediate pragmatism. thiist is exactly

what the Chinese literati did not do: for them,eaash in natural studies
such as medicine, but particularly astronomy, sge immediate pur-
pose. Natural studies needed to have an impacbcetg immediately.

The pragmatic results of modern science, howevaghtmot be found

until centuries after new theories were develofdts does not fit well

within the framework of the utilitarian sciencesially found in adminis-

trative societies such as China. (This utilitafiemework in these socie-
ties has been described by Harold Dorn. A briefviegv can be found in

Cohen 1994, p. 482). In fact, Chinese philosophalied into doubt the
very possibility of knowledge outside the domairnaman affairs. (Cul-

len 1990, p. 315)

The fact that Confucians were accustomed to aipogiff leadership
formed a second obstacle. As they were expectaliréot others, they
only required some basic knowledge on scientifecigilines. They were
not required to have any specialist knowledge;rth@rareness of the
sciences was quite minimal. (Sivin 1973a, p. 41)ilgvlimited know-
ledge of arithmetic was appreciated in an officagre thorough studies
in this discipline were associated with the merthzlass. To give an
example of what the literati focused on, one camgare encyclopedias
from the 1590’s. Encyclopedias for the elite camtdi information on the
imperial examinations, classical studies and étitaily ritual. Encyclo-
pedias for other circles (including merchants,saris andshengyuap
contained knowledge on medical prescriptions, @ition, astrology, et
cetera, spheres which are historically associati¢d tlve sciences. (El-
man 2005, p. 19) Science and technology were mge delegated to
the working classes. (Miyazaki 1976, p. 14)

This state of mind is clearly present in many histd situations. For
instance, one of the arguments used to convinceulbes of the Yuan-
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dynasty to reinstate the examinations was the cthgnh without them,
ambitious people would take to a lesser professonh as that of mer-
chant or artisan. (de Bary 1981, p. 39) The pridesef artisans, those
responsible for producing technology, was infeblecause it waspecia-
lized While Nathan Sivin has emphasized that this iofestatus does
not imply that the labor of artisans was not apigted, he also notes that
literati appreciation of fine craftsmanship did ntply recognition of
those who produced it. Even the scientist andipiait Shen Kuo (1031-
1095), who was in many ways exceptional due toadimiration for the
qualities of technicians, always kept this sociatahce in mind. (Sivin
1973a, p. 27)

In such circumstances, Chinese scholars were Wynlikeengage in
the study of the mechanical arts, as Gdlildinl. Despite a number of
exceptions such as Shen Kuo, Chinese who weresbthlars of science
and philosophy as well as trained inventors wengeneery influential
socially® (Sivin 1973a, p. 27) It simply wasn't the type gefneralism
Confucians aspired to.

Therefore, Chinese intellectuals who were capableoapling their
abstract theories to technology (thus arriving afoen of modern
science) were neither sufficiently numerous, ndfigantly influential.
Given the typical Confucian pragmatism, it is ithat Chinese society
effectively embedded a gap between theory and gtakccording to

* | shall often reference Galileo, as he is onehef ¢entral figures in my later
argument considering patronage.

® Never, of course, is an exaggeration. If one g@ek to Chinese antiquity, one
can identify Later Mohism as a tradition that conglal both of these fields.

® Arun Bala argues against this split between theony practice, but his argu-
mentation is primarily aimed against the idea tttedé Chinese correlative
worldview only hindered science, and not technologgcording to him such a
narrow limitation is unlikely; on the contrary, arcelative worldview is suppo-
sedly more efficient for building mechanical coptians because every element
has to be seen as part of a greater whole. (B&l&, 2{p. 127-130)
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A.C. Graham, this gap meant that completely difiersnethods were
used for cosmology and philosophy than for techgwland practice.
(Graham 2003a, pp. 317-319) Examples of this aboasdne can ob-
serve in the case of astronomy, where astrononzes igo heed at all to
the philosophers who developed cosmology. Likewilke,philosophers
paid no attention to the astronomers who made Itisergations and cal-
culations. (Sivin 1973b, p. 11) It was possiblebtidge the gap, of
course; there is, for instance, Shen Kuo, who wasonly interested in
mathematics, but also in mathematical harmonypastny, magnetism,
cartography, metallurgy, medicine and more. Inthfise cases, Shen
showed remarkable technical insight. Unfortunatélg, insights remain
quite superficial — because of his bureaucratieararhe was too busy to
investigate any of these fields of natural studiese thoroughly (which
illustrates the time demands of a bureaucraticecgréSivin 1973a, pp.
41-42)

Joseph Needham describes the situation similadgording to him,
the largely illiterate (but sometimes very talentadisans were separated
from the literate scholars by an invisible wall:

During all this time the masses of the people reediilliterate, having

no access to the manuscript books which the govembicommissioned,
copied and distributed to the various nodes ofafministrative network.

Artisans, no matter how greatly gifted, flourishagon the other side of
an invisible wall which separated them from theadats of literary train-

ing. (SCC, I, p. 153)

While these artisans are not to be underestim&teddham compares
them to Da Vinci), they could not succesfully caupiheir practical de-
velopments to abstract theories as Galileo didr&keere several Chi-
nese equivalents of European figures such as Dei,\Agricola or Tar-
taglia. Needham mentions Song Yingxing (“the Chene&gricola”)
(1587-1666) and the pharmacologist and botanistShizhen (1518-
1593). (SCC, lll, p. 160) One can also add the omlsgist Zhu Zaiyu
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(1536-1611) to this list. (Qian 1985, p. 78) Thekpem, according to
Needham, is that these artisans do not rise aboxe gmpiricism: an
abstract theory is required to link observationshyoverarching theoret-
ical principle — to be more precise, the mathemaafmrmulation of hypo-
theses is required. Given that these artisanstdstrdy abstract mathe-
matics, such a requirement posed a problem. (Astitition is the tale of
Cao Chong, which shows some similarity to the diecp of Archi-
medes’ law. Cao Chong tried to weigh an elephanplaging it on a
boat; the assumption is that a certain weight caasboat to sink in a
proportional fashion. Despite this useful insightwas not generalized
further — otherwise one could actually consideastidentical to Archi-
medes’ law. (Qian 1985, pp. 51-58)) Needham claimas this problem
was solved in Europe due to social changes thatvad scholars to res-
pectfully interact with artisans (“the Galilean owation may best be
described as the marriage of craft practice wittokrly theory”), while
these changes never took place in China. (SC(yll154-159)

Needham'’s judgment has been criticized by Qian Wanywho ar-
gues that Galileo did not stand out because olubés of mathematics.
After all, Nicolo Tartaglia, Leonardo Da Vinci aiBimon Stevin already
used mathematics. Qian remarks that the crucigl istét mathematisa-
tion, butaxiomatisation

Needham insists that a crucial step of scienfifisgress has been made
by Galileo, and not by any of the previous praotiers. Why Galileo?
Because of his mathematics? (...) But his predecgsdso had mathe-
matics. (...) | think we ought to be aware that heatatisation could not
provide the true ‘magic touch’, but ‘axiomatisatiaiid. Galileo and Tar-
taglia both did mathematisation, but one did itha realm of basic physi-
cal science, the other in the realm of technol¢@yan 1985, pp. 64-65)

Despite this critique, Needham'’s point isn't undeed: the problem is
still the relationship between theory and practidewever, this refine-
ment allows for recognition of the fact that thegirce of mathematics,
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like the crafts, were part and parcel of the loalesses, just as artisanal
production was. By virtue of sharing in the sosi@tus of craftsmanship,
mathematics also shared the condescending attifuderati.

Cultural resentment towards the crafts is mentioogd/atteo Ricci
as well. Ricci was a member of the Jesuit missiohdte Ming China,
and he was trained in the Aristotelian sciencesodgnother things, he
was responsible for a partial translation of Euslidlements into Chi-
nese. After having observed the relatively devedopsmthematics and
astronomy in China, he remarks that nobody in Chinald aspire to a
career in mathematics or medicine, if he were tweeheven the smallest
of chances of becoming a philosopher. As suchehmarks that almost
nobody engages in these studies, except for tkedéented or otherwise
constrained. Biased though these views may begeheral cultural im-
age of China they create is largely correct. (Eli2a@0, pp. 462-464)

Needham'’s (partial) answer to his Grand Questiosciileed above
seems based on the theory of Edgar Zilsel. Thisxigahistorian was
active during the first half of the twentieth cemtiand focused on ex-
plaining the Scientific Revolution. According tonhi the Revolution
could only come to pass after the class of schdlacs united with the
class of artisans. These artisans wielded a formathematical rules of
thumb, which were converted to scientific laws iafte unification of the
two groups.

Floris Cohen, a historian of the historiographytte# Scientific Revo-
lution, applies some nuance to Zilsel's thesiss & dubious idea that the
rules of thumb used by artisans are as closelyaxind to scientific laws
as Zilsel claimed. While these rules no doubt plagerole, they have
never approached the concept of a law of natutosely as Zilsel sug-
gests. Cohen identifies another problem in Zilsii&sis: by positing that
the unification of the classes of scholars andans caused the Scientific
Revolution, one does not explain that unificati@ohen 1994, pp. 336-
342, pp. 345-351)
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One needn't worry too much about Cohen’s firsicaitremark: nei-
ther Needham’s nor Graham’s claims are as radg&ilsel’s. | shall
(partially) address Cohen’s second remark in a ketion, after having
described the third epistemological obstacle tlaat loe identified in the
imperial examinations. When one approaches Zilsk€sry in this man-
ner, it becomes less powerful, but it does seem plausible (particular-
ly in the case of the Baconian sciences, whicif@resed more on expe-
riment and less on on mathematisation.) (Cohen 199349)

To conclude: Confucians assumed a position of kshi® a position
which came with a contemptuous attitude towardseheorking beneath
them. This contemptuous attitude was one of theores that artisanal
knowledge wasn't subsumed into the Confucian autnim, and thus one
of the reasons why the knowledge required for primgt science re-
mained absent from the minds of the great majofit@onfucian intellec-
tuals. In this situation, one can identify the Gain administrative-
generalist focus as an epistemological obstacle.

3.5 Orthodoxy and indoctrination

The indoctrination caused by the imperial examoretiwasn't absolute;
it did, however, have a large impact. Scholars ¢antertain various
ways of thought, but such tendencies were limitgd\erwhelming con-
tact with a single strict and orthodox interpretatiof centuries-old
books. The examination system caused the examtoeiesernalize the
orthodox patterns of language, thought and obsernvatEIman 1991, p.
20) In fact, Benjamin Elman believes producingtyoif thought to have
been one of the primary goals of the examinatictesy:

late imperial dynastic educators prized orthodomg the rote reception
of that orthodoxy by insiders and outsiders aliRepetition as a habit of
learning was the key to developing the memory g®edagogic tool to
produce uniformity by education. (Elman 2000, p). 64
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Not only was this the intended purpose — it acjusilicceeded, as Elman
confirms elsewhere:

Cultural construction of neo-Confucian orthodoxyotigh the required
educational curriculum for examination candidateargnteed the long-
term dominance of neo-Confucianism in intellectifal (Elman 1991, p.
8)

Both the public schools and a number of privateostshfocused wholly
on entering the bureaucracy, and as such, on axyodThe small
amount of schools that didn't abide by this paléicprogramme, the so
called shuyuan were increasingly placed under state controlabse
they were seen as breeding places of heterodoxg.Wds not an unrea-
sonable belief, because the influential heterodbiogophy of Wang
Yangming was developed in such institutions. (Einig¢l1998, p. 91)

| have already noted earlier that orthodoxy waomefd on students
taking the examinations. This didn't only have mpact on purely philo-
sophical and political matters. It also played le mn the scientific level.
If a candidate were to answer an astronomical guresndesirably (pos-
sibly because of empirical observation of the haayehen this could be
problematic. After all, an answer that could beeipteted as a negative
omen for the ruling dynasty was equivalent to hlatery. (Elman 2000,
p. 482) Now, it is precisely such astronomical sfiess that lead Ben-
jamin Elman to argue that the humanist nature tfoaloxy was not li-
miting literati knowledge of science and technolo@lman 2000, p.
473) However, it seems that he fails to realize tkisowledgeof science
and technology doesn't imply a scientific attituwstanethod. The science
studied for the examinations is a form of scienest@Gn Bachelard calls
dead it is information, not scientific practice. (Bahrd 1975, p. 102)
The technoscientific knowledge Elman mentions &spnt, but the type
of questions doesn't stimulate further investigatad the world. It is
merely orthodox knowledge. The questions ask f@ormation that can
be found in books, not in nature.
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4 The universities

At first sight, the aforementioned obstacles migltan important counte-
racting cause for the occurance of a Chinese $iateRevolution. How-
ever, it is possible to counter this claim by dexyany relevant cultural
difference between the Chinese and European iotedfs. Nathan Sivin
has formulated this claim quite impressively:

Exactly what does “inhibiting factor” mean in sucbntexts? Consider
one of these often adduced to explain the faildr€hina to beat Europe
to the Scientific Revolution despite an early hs#aft, namely the pre-
dominance of a scholar-bureaucrat class immersegoaks, faced to-

wards the past, and oriented towards human institsitrather than to-
ward Nature as the matrix of the well-lived lifeutBn Europe at the onset
of the Scientific Revolution we are faced with fheedominance of the
Schoolmen and dons, immersed in books, faced tentre past, and
oriented towards human institutions rather thanatmwNature. (Sivin

1982, p. 57)

Even when allowing for the small differences thabwd no doubt
emerge if one were to compare European universitines the Chinese
imperial examinations more thoroughly, it is notreasonable to claim
that the attitudes promulgated by both institutiares very similar.

As in China, the study of additional languages wasential. Like
Chinese literati culture, Scholastics focused arieart books, particularly
Scripture and the works of Aristotle.

The Chinese administrative-generalist focus fitslquivalent in the
traditional hierarchy of the universities. Like tRenaissance humanists,
the schoolmen loathed artisans (as Galileo, BandrGilbert loathed the
forms of argumentation used by humanists and sofergl. (Cohen 1994,
pp. 338-339) The sciences in general and mathesnatid astronomy
(then not yet wholly distinct) in particular werequired to take over
elements from (natural) philosophy without questignthem. (Westman
1980, pp. 108-109) In comparison to prestigioukifidike law, medicine
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and theology, astronomy had a low status. The ipasif professor in
mathematics or astronomy was a stepping stone @mw#y to a more
prestigious position as a professor of law or mediq(Westman 1980, p.
119) Scholars didn't frown upon mathematics in @lafone: the rupture
between theory and practice can also be found ingeu

The enforcement of a philosophical orthodoxy waessent in Europe
as well. Nakayama Shigeru remarks, not without aeaghat most
universities resisted Copernicanism, because it enmihed the
Aristotelian philosophy that was taught there. (Alama 1984, p. 112)
To undermine Aristotelianism was to undermine theversities and the
scholars working within them. The structure of tireversities was also
quite rigid. As in the case of the imperial exantimas, it was very
difficult to fight the dominant culture, which graa the sciences a lower
social status than philosophy, theology, medicind &w. All in all,
Sivin’s claim that the European and Chinese edoali contexts are
very similar is quite plausible.

5 Patronage

5.1 Socio-professional legitimation

Despite the similarity between the Chinese impenaminations and the
European universities, the broader social systemshich intellectuals
thrived were still distinct. After all, Europe offed a second way of ac-
quiring social status as a scholar: the instituttbpatronage, which had
become commonplace during the Renaissamgile it had its own ri-
tuals and etiquette, the system was far less titad the university sys-

" There were other circuits external to the univisiin early modern Europe,
such as théccademia del Lincefpunded in 1603. However, | shall not discuss
the role of these cirtuits here.
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tem. These universities did operate under some &rpatronage (West-
fall 1985, pp. 12-13), but there is no doubt tiat patronage of universi-
ties differed radically from, for instance, Cosiie patronage of Gali-
leo (1564-1642). This latter form had Galileo akddden only to a single
person, while he owed responsibility to many dutimgtime at the Uni-
versity of Padua. By virtue of cunning preparatgom the cultivation of
well-selected social relations, it was possibldittd oneself to the right
patron and thus acquire a high social status. ppeoariate patrons were
generally not rulers of large empires, but of sarglirincipalities such as
those of Denmark, of the Holy Roman Empire (Westrh880, p. 122)
and of Italy (Biagioli 1990).

Not only anindividual could rise in social status by binding himself to
a patron. He could also grant this social statuant@ntire discipline as
the patron’s status became reflected in it. (Biagi®90, p. 5), (Westman
1980, p. 122) Patronage allowed mathematical astnens such as Gali-
leo to debate with philosophers, although philogophditionally had a
significantly higher status than mathematical awiroy. Philosophers
were usually not required to respond to any cosgicéb claims made by
astronomers:

Philosophy, it was held, dealt with the real causiesatural phenomena,
while mathematics could only deal with their “acais,” that is, with
their quantitative aspects. Consequently, mathemat were not entitled
to produce legitimatphysicalinterpretations of natural phenomena. (Bi-
agioli 1993, pp. 105-106)

However, by accepting a scientist as their cligggirons essentially
forced their philosopher clients to respond. Wthile challenges of ma-
thematicians as private persons were not signifieaough for philoso-
phers to respond to, the challenges of mathemasicidth titles such as
“Imperial Mathematician” or “Philosopher and FiMathematician to the
Grand Duke of Tuscany” could not be trifled withuc challenges were
the scientific equivalent to dueling; one did natnt down a worthy op-
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ponent’s challenge to a duel. To deny the judgnoérat great patron by
still considering such a mathematician unworthyredponse would de-
prive a philosopher who took part in the economyatironage of all his
support. (Biagioli 1993, pp. 72-73)

Astronomy’s evolution from an inferior discipline that of a fully
respected science only began with Copernicus (1443), who no
longer accepted the idea that astronomy was tofetan the framework
laid down by natural philosophy. Such a tendency mat with remarka-
ble resistance. Neither Copernicus’ heliocentrisim lmis claim that the
earth moved were popular among the astronomersdinte. A popular
geocentric interpretation of Copernicus, the Whing-interpretation,
held that his theory could accurately predict thgla under which a pla-
net appears. Especially his replacement of the rédoya epicycles was
appreciated. (Westman 1975, pp. 165-166) As caselea, Copernicus
was not ignored altogether: elements of his théoay didn't have cosmo-
logical implications were not off limits. (Westmd®880, p. 117) Clearly,
Copernicus did not revolutionize the practice df@awomy; breaking out
of the constraints imposed by the governing cultwes left for those
who followed in his footsteps.

The increased social status granted to astroncanersnathematicians
by patronage connections allowed such philosoptdoalstraints to be
broken. The first to break out of the metaphordains of philosophical
orthodoxy was Tycho Brahe (1546-1601), a Danishlenamder the
protection of the Danish king Frederic Il and ofd@lph Il, Holy Roman
Emperor. Johannes Kepler (1571-1630) was underptbéection of
Rudolph Il as well, while Galileo’s patron was Gusi Il de' Medici,
Grand Duke of Tuscany. It wertheseastronomers who bridged the gap
between the development of abstract (cosmologitedpries and the
practical observation of reality:

That right came into existence as a social normngrily because it was
asserted by a new claimant to knowledge about palyeality, the court
astronomer. By conferring the status of noble frge on the activities of



THE IMPERIAL EXAMINATIONS 77

astronomical investigation and cosmological dispiitecho Brahe freed
them from the old guild-like divisions of the acate Tycho's example
became a role model for others, such as Keplerstingn 1980, p. 134)

Patronage made it possible to practice this refdrigpe of astronomy
and remain a respectable scholar. The universitigsaccepted the new
discipline later on. (Westman 1980, pp. 127-133¢ Phesence of many
powerful nobles with sufficient wealth to ‘buy’ su@amounts of prestige
thus seems an important factor in the developmiemtoolern science.

5.2 The motivations of patrons

While it is clear what scientists had to gain bgasating themselves
with great patrons, it is less clear why the patrdremselves would be
interested in employing such men. (Biagioli 1993gsctibes the
processes involved in this institution quite thagbly. Patrons had two
things to gain from scientifically minded client®aterial or immaterial
gifts on the one hand, and debates on the othek han

If a client engaged in debate, a patron gainedtigeesPrecisely the
acceptance of a challenge to a debate implied lamoadedgement of the
patron’s high status, and thus increased his pgeesBcientific debates
were a method of expressing a patron’s power. (Blgneompels us to
admit that patrons did not seek a final resolutmithe debates — in fact,
associating with one particular side of the debaie dangerous to them:
it put their honor at stake. Patrons demanded depttey did not choose
sides unless not choosing sides was an even gneablem for their
economy of honor. However, this attitude was natessarily shared by
their clients.)

Even greater expressions of a patron’s power wezegifts a client
dedicated to him. Taking Galileo as an example, dignificant examples
of such gifts immediately spring to mind. For otteere is the lodestone
gifted to Grand Duke Cosimo I, the power of atti@t of which stood
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symbol for the evidence of Medici power. Galileolsn commentary on
the motto “[v]im facit amor”, which was written adhe magnet, speaks
for itself:

[This motto suggested] the dominion of God conf@meon the just and

legitimate prince over his subjects, which showdshch that with loving

violence it draws to itself the devotion, loyalnd obedience of the sub-
jects. (Westfall 1985, pp. 14-15)

One of Galileo’s other gifts was even more prestigi his dedication of
the moons of Jupiter to the Medici. This dedicateas particularly im-
pressive given the mythology that they had develgpeund themselves.
Jupiter and the cosmos had been symbols for Cokirftunder of the
Medici dynasty, since the beginning of the sixteecgntury. Mario Bi-
agioli makes an appropriate statement when he Galikeo “was able to
present them [the stars] as perfectly fitting thed\i discourse of the
(problematic) legitimation of their absolute ruléBiagioli 1989, p. 48),
(Biagioli 1990, p. 41) Scientific discoveries wdhais presented as mo-
numents indicating the power of the patron: “Galifgesented [the Me-
dicean Stars] as a kind of object that, while digplg some of the fea-
tures of our notion of scientific discovery, alsarficipated in the econo-
mies of artworks and monuments.” (Biagioli 20063p.

Such gifts were not only flattering, botéquiredin order to be ac-
cepted as a client: “Galileo needed to produceiscogter things that
could be used as gifts to his patrons”. (Biagi®®Q, p. 25) This stimula-
tion by discoveries went as far as Richard Westfadjgesting that in the
case of the telescope, Galileo’s attention wasdedunore on ensuring
his own future rather than on the investigatiorCopernicanism. (West-
fall 1985, p. 12)

Both reasons for why patrons desired scientifierdd can be seen as
boons for the development of modern science. Ndbtiahat form of
science had not yet shown its face; the institati@oulture was still com-
pletely alien to that of modern science. People lkalileo spoke the
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language of a courtier, not that of a contemposargnce professor. Nev-
ertheless, it was a step in the right directioerehis no doubt that these
mechanisms (that is, the demand for ever more dis@s to be pre-
sented to the patron and the demand to defend lbagsainst criticism in
debates) have stimulated scientific discussionurpe. (Biagioli 1990,
p. 32)

5.3 Patronage in China

As discussed earlier, the mechanism of acquirirestiye by virtue of
gifts and debates was the main reason why greainsaaccepted clients.
Particularly central is the idea that a scientistsvable to increase the
prestige of his patron - whether this occurs thiogits, debates or oth-
erwise is less important. However, such a praetias not commonplace
in China, as it only finds fertile soil in times cdmpetition between vari-
ous courts. In general, in the centralized Chirséate structure, the Chi-
nese court did not have a cultural opposition aiad widely acknowl-
edged as highly prestigious.

During times of internal division, however, thene draces of such
competition in Chinese history. During the Warri@tates Period (481-
221 BCE), China knew an efflorescence of (natupdl)osophy — an
efflorescence that did not really end until aftee tHan (206 BCE-220
CE) had come to power. Even in those Early Han dagévidual feudal
princes competed with one another culturally anittipally, and contin-
ued to function as patrons. (Lloyd & Sivin 2002) ¢Anilar situation is
found in the Arab world, where the sciences flchets under court spon-
sorship. At first, this was the court of the caigh Bagdad, but as more
and more regions became independent, each of Weesed to acquire a
high cultural prestige. As such, the fragmentaidrthe Islamic world
opened more options for scientists. (Cohen 199438@-387))

Naturally, none of this implies that patronage oger existed in Im-
perial China. The difference lies in the motivati@f patrons, and in the
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differences in institutional culture that such naational differences imp-
ly. Chinese imperial interest in the sciences wagmpatic. The useful-
ness of medicine is evident; the usefulness obastny lay both in the
development of a workable calendar and the agdeliéf that heavenly
omens about the ruling dynasty could be discerndta stars. However,
as | have already remarked earlier, astronomictdrnmation could
threaten the dynasty if it were to fall into theowg hands. Therefore, the
court was often benefited by secrecy, rather thapublicized debates or
monumental gifts. This secrecy was institutionaliby several policies,
such as the ban on promoting officials of the Astraical Bureau and
their children to positions outside of that Bure@eane 1989, p. 357)

Patronage began to play an important role in tlotogurofessional le-
gitimation of scientists in the aftermath of thenglicalendar crisis. The
crisis had been recognized long before the araf/éthe Jesuits, but these
scientifically trained missionaries were centralttoresolution, after the
introduction of "'new' methods (at least to the @k&). Jesuit Ptolemaic
astronomy allowed solar eclipses to be predictethéonearest minute,
rather than to the earlier standard of a quartemotiour. Because of the
existence of such a highly improved method, theoidethod was con-
sidered unacceptable for use. (Elman 2005, p.r6&)fect, because pre-
diction to a higher accuracy became possible, ptiadi with a lower
degree of accuracy came to be seen as not prefadourately at all, and
thus as a bad omen.

When the Rites Controversy had made the Qing Kamgwperor
(1654-1722) aware of the dangers of relying too lmoie the Jesuits, he
saw the need for the development of a class of&Skimathematicians-
astronomers. Imperial patronage lead to the devwetop of a new social
position: the literatus-mathematician, a type dfiatar that might still
have somewhat lower prestige and a lower status tha literatus-
official, but was ever more accepted as a necesdargent of the hie-
rarchy. (Elman 2006, p. 66)
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The iconic beneficary of this patronage is Mei Wegd1633-1721),
who fused the traditions of Chinese and Europearthenaatical
astronomy. Mei met with the Emperor frequently, wiealized that it
might be possiblenot to rely on European mathematicians for his
astronomical requirements. It was the Kangxi Empgrcanonization of
Mei Wending that lead to the change in status oftheraatical
practicioners. (EIman 2005, pp. 153-160)

Following this canonization came the formation of Academy of
Mathematics, in which over a hundred scholars weceuited. The most
influential scholars, such as Mei Juecheng (168&3)7and Wang
Lansheng, were named “palace graduates in mattoamnastronomy’,
increasing their status in a parallel way to Galdebeing named
‘Philosopher to the Grand Duke’. (EIman 2005, pjp7-180), (Elman
2006, p. 42)

However, these evolutions remained limited to mathiecs and as-
tronomy. These Chinese were not alone in usingopatre to resolve
particular matters of importance. European monangre often interest-
ed in astrological matters as well. (Westman 1§94,00) It is important
to realize that there were many incentives foriatiiig patronage rela-
tions. However, these differed strongly from tbeltural competition
found primarily in early modern Europe. The prirycaked to compete
with other princes and establish one’s status $atad and legitimated
scientific enterprises. While these dynamics ottiemtion can be recog-
nized in early Qing China as well, they were indthless often, for dif-
ferent reasons and in a different form.

6 Conclusion

The imperial examination system most definitelyremthed a number of
epistemological obstacles, and as such formedtahiiimg factor for the
development of modern science in China. Howevenilai obstacles
were present in the European university systemrefbe, a comparison
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limited to this level is doomed to fail as a pdraaswer to Needham’s
Grand Question. However, after taking into accotim system of
patronage in Western Europe, the situation char@émnts could spend
their time on whatever they thought would imprdssirt patrons, rather
than on the study of ancient books. It was posdine client to bridge
the gap between theory and practice: gifts werk bbtechnological and
scientific nature. While patronage cannot be takeran explanation for
the bridging of this gap, it did not artificiallyamtain it, as the university
system and the imperial examinations did. Fingigironage had an
easier time escaping orthodoxy: it was simplerdovince a single ruler
of the value of a research program than to convamcentire community
of scholars, when that research program confligtéd an orthodoxy —
particularly when those scholars owed their positmthat orthodoxy.

Given the role of patronage in the careers of msgeentists it is not
unreasonable to consider patronage as one of terdathat allowed
Western Europe to overcome the epistemologicalaches institutiona-
lized in its university system. In China, patronatj@ not take the same
form it took in Europe, and the local patronagdeyswas not as condu-
cive for breaking free of these epistemologicalst@ints as the Euro-
pean system. | do not claim that patronage wasnhepossible way by
which the identified obstacles could be overcomeweler, only a li-
mited number of paths are plausible, and the phttompetitive patro-
nage is one of those. On that ground alone, theemions between Chi-
nese patronage and Chinese science deserve tovdstigated, just as
they have received attention in Europe.

This argument rests on the presupposition thasystem of patronage
common among the major scientists of the Scienftiwolution did not
exist in China at that time. My review of the la&ure confirms that view:
while there is a great deal of literature aboutengd patronage, there is
very little information on any possible competitipatronage as it existed
in Europe. Perhaps this means that such a systenotiwidely exist — if
so, what | have argued will remain valid. If ndteh a lot of research
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remains to be done into the systems of Chinesemage. Questions then
need to be asked about the social class of patmot<lients, how syste-
matic it was, the activities that were sponsored, o forth.

Ghent University
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