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TOWARDS A FRUITFUL FORM U-
LATION OF NEEDHAM'S GRAND
QUESTION

Steffen Ducheyne

ABSTRACT

As it stands, Needham’s Grand Question is simpdygeneral and ill-posed to
be answered in a meaningful way. In this papes ialigued that Needham’s
Grand Question, to wivhy did science emerge in the West and not in China
can only be fruitfully pursued, (1) on the conditithat one explicates the as-
sumptions and conceptions involved in an infornatwd motivated way, and
(2) on the condition that the question is conceatiand fine-tuned by means of
and in terms of a series of specific questionshis paper, | attempt to reformu-
late Needham’s Grand Question on the basis of amalrconception of modern
science. Next | will split up the Grand Questiotoim series of more specific,
controllable and arguably more fruitful questions.

" The author is Postdoctoral Research Fellow oRiagearch Foundation (FWO-
Flanders) and is indebted to Erik Weber and thengmous referee for their
comments and suggestions.
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1 Aim

Why do people keep asking why the Scientific Retiofudid not take
place in China when they know enough not to explelity their names
did not appear on page 3 of today’s newspaperm($885, p. 42)

Needham put the following question on the plataisforians of science:
why did modern science emerge in the West andm@hina?Needham
himself sometimes associated this issue with thestipn as to why there
was no Industrial Revolution in China — howeveratwoid confusion and
unnecessary complexity, | shall keep the two qaastasunder and con-
sider the former question only. Here | do not afieta assess Needham’s
China studies in any way. It goes without sayihgt the material which
Needham provided in the substantidience and Civilisation in China
series offers a cornucopia of material that isvaté for understanding
Chinese science.

Following Sivin 1985, many have come to criticizee tNeedham
guestion. While agreeing with some of the critigsthat have been
raised, | do not think that it implies that varsf the question are in-
trinsically meaningless as well, or so | will arg@igne caveatfrom the
outset: throughout the paper, | remain thoroughipostic about any
socio-economical, institutional, philosophical, tawhl or pedagogical
factors that one may come up with in order to gievan answer to
Needham’sexplanandum | shall be exclusively occupied with arriving
at a fruitful formulation of Needham’s Grand Questicf. Cohen 2001).
In section 2, we will take a look at the statusahhNeedham ascribes to
modern science. It turns out that Needham remadmsewhat vague
when it comes to characterising modern science ahdiously, such

1 On such factors, see the papers by David De SaegkBart Dessein in this
volume and the references therein.
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conceptual vagueness needs to be addressed. intengenedy this un-
desirable situation, | shall, in section 3, provaleninimal conception of
modern science and reformulate the Needham quéstigiew of it. Ac-
cordingly, in this section | shall provide an maletailed characterization
of ‘modern science’. Finally, in section 4, | shptbvide a list of ques-
tions which naturally follow from my reformulatiayf Needham’s Grand
Question.

2 The status of ‘modern science’ according to
Needham

As it stands, Needham’s question simply assumds‘iti@dern science”

is an easily identifiable entity. However, whatwe mean exactly when
we assert that “modern science” was absent in Chima we referring to
descriptivesciences such as botany, geography, natural yistod the
like, or rather tatheoreticalsciences such as dynamics and mechanics?
Or do we mearpure as opposed tapplied science? Or, do we refer,
more specifically, tanathematicalsciences? Or tempirical or experi-
mentalsciences?

From the material that is surveyed 8tience and Civilisation in
China (henceforth.SCQ,? it becomes clear that Needham was not refer-
ring to the absence of descriptive sciences in &hihis is clear from his
detailed treatment of the Chinese botanical tradli(feeeSCC VI, Part ).
Given the ample attention Needham dedicated toiepcience and
technology it is obvious that Needham was not referring ® asence
of applied science either (see especi&lyC IV, Part 2 [on mechanical

2 For a succinct synthesis of Needham’s China ssudiee Cohen 1994, pp. 418-
482.

® To Needham applied science and technology werensynous (Needham
1973, p. 3).
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engineering];SCC 1V, Part 3 [on civil engineering and nautics];dan
SCC V, Parts 6-13 [on military, textile, metallurgiand ceramic tech-
nology and mining]). Moreover, Needham frequenttgssed the central-
ity of applied science in Chinese culture. Sincehia third volume of
SCCNeedham scrutinized Chinese mathematics, whichm@® alge-
braic than geometrical, rejecting the absence dahemaatical sciences
was not an available option for him. In Chineseisce, there also was
attention for quantitative measurement as the lbioki Nan Tzubefore
120 B.C.) testifies§CC IV Part 1, pp. 15-17). In thilo Ching(ca. 300
B.C.), the Mohist canon, several propositions al&cted, which testify
of an abstract-theoretical approach to the natuoalld. Examples of such
propositions are the following:

- When an object is moving in space, we cannot(Bagn absolute
sense) whether it is coming nearer or going furéveay.

- (The idea of space is like the idea of) duratiqiYou can select a
certain point in time or space as the beginning, @ckon from it within
a certain period or region, so that in this seriisépas boundaries, (but
time and space are alike) without boundaries.

- Motion is due to a kind of looseness (i.e. to dhsence of an oppos-
ing force).

- The cessation of motion, is due to the (oppo$imge) of a ‘support-
ing pillar’.

- If there is no (opposing force) of a ‘supportjpidar’ the motion will
never stop.

(SCG IV, Part 1, pp. 55-56)

“What remains in these brief fragments,” Needharatgyris so striking
that we may be allowed to believe that if morels physics of the Mo-

* | have omitted Needham'’s insertion of the origiGainese terms.



A FRUITFUL FORMULATION OF NEEDHAM’ S GRAND QUESTION 13

hist school had been preserved, we should have found inntesdiscus-
sion of trajectories, the effect of gravity, and @o” Moreover, “if the
Mohists had no technical term corresponding to timpeat least they did
not suffer from the concept of ‘natural place’ betawkward idea of
antiperistasis” $CC IV, Part 1, p. 58). The Mohists also possessed-th
retical understanding of Archimedes’ law of thedevDenying the pres-
ence of a theoretically-oriented scientific appfoacChinese culture was
therefore not an option for Needham.

When working oneself through Needham’s tomes, @obwes clear
that, when Needham discusses “modern science,’s heferring toa
particular integration of mathematics, experimentasting, and theory
(and the open publication of the results harvestereby):

The birth of the experimental-mathematical methetiich appeared
in almost perfect form in Galileo, and which ledatb the developments
of modern science and technology, presents theriistf science with
one of its most important and complex questionsubih we cannot do it
justice, a brief analysis here will not be out &fqe, for only in this way
can we gain some idea how it was exactly that nmasties and science
came together at the Renaissance, and how fahtiebyemained apart in
earlier medieval, as in earlier medieval, as itn€$e, society.SCC llI,
p. 156, cf.SCG VII.2, p. 24).

Unfortunately, he did not add much as to the smecibf the particular
integration involved. Occasionally he seems to hessociated it closely
with the hypothetico-deductive metho8GGC Ill, p. 156). As is clear
from the above quotation, Needham ascribed a givola to the age of
Galileo and his contemporaries:

® SeeSCG I, pp. 165-203.
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When we say that modern science developed onljhénWestern
Europe in the time of Galileo during the Renaissaaied during the sci-
entific revolution, we mean, | think, that it wasete alone that there de-
veloped the fundamental basismbdernscience, such as the application
of mathematical hypotheses to Nature, and theufudlerstanding and the
use of the experimental method, the distinctiomken primary and sec-
ondary qualities, and the systematic accumulatibmpenly published
scientific data. Indeed, it has been said thatas w the time of Galileo
that the most effective method of discovery aboatuke was itself, and |
think that is still quite true. Nevertheless, befdine river of Chinese sci-
ence flowed, like all other such rivers, into thea of modern science,
China had seen remarkable achievements in mangtidins. (Needham
1981, p. 9)

Needham'’s characterization of modern science walsden crystal clear
and exact. Although he suggested that “the appicatf mathematical
hypotheses to Nature” was somehow involved and ni@dern science
encompassed “the full understanding and the usthefexperimental
method,” he did not further elaborate on theseeissiBy contrast in
China, “[t]here is no one to correspond to the alted ‘precursors of
Galileo’, men such as Philoponus and Buridan, Beadime and Nicolas
d’'Oresme,” Needham pointed out, “and hence no dyecgor cinematics
[sic]” (SCG IV, Part 1, p. 1). Three branches of Chinesenseghow-
ever, were particularly developed in ancient andlime&l China: optics,
acoustics and magnetism — the study of which erdeege was culti-
vated in the Mohist tradition. On the other hanéchanics was “weakly
studied and formulated” and dynamics was “almosteali SCC IV,
Part 1, xxiii).

Note also that Needham oftentimes closely alighedrise of modern
science with atomism, discontinuity, and lineankimg, which was in
opposition with the Chinese wave-like conceptionnafure §CC IV,
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Part 1, pp. 3-14).He also ascribed an organic, rather than mechanica
view of nature to the ChinedeRecent work in the history of Western
science has shown, however, that the ascriptioa pféirely mechanical
character to seventeenth-century and eighteentithgescience is far
from unproblematic (e.g. Henry 1989 and Dobbs 198Heserves being
pointed out that my reservation on this point igntyamotivated by the
fact that there is a lurking danger inherent in ddean’s casual ascrip-
tions, namely a potential disproportional attenttonspecific scientific
doctrines, conceptions or beliefather than a focused attention to a spe-
cific method relied on to make knowledge claims aboutetheirical
world (cf. the discussion ddctio in distanan SCG IV Part 1, p. 60). In
order to transform the Needham question (hencefdt) into more
manageable questions, we requiffeuétful conception of modern science
and, more specificallyan adequate characterization of the particular
integration of mathematics, experimental testinggd aheory involved
which | shall both provide in the following section

3 A minimal conception of ‘modern science’

‘Modern science’ refers to a scientific approachicthwas primarily
shaped in the seventeenth century. In this sectiatiempt to provide a
characterization of the specific sort of scienderred to and rephrase the
NQ accordingly. To begin with, the NQ calls for explanation of why a
specific sort of scientific thinking and practicedame dominanh one
culture and not in another. The aim of NQ is notraech to explain the

® Needham noted that the Chinese never applied wagk-conceptions specifi-
cally and systematically to the interpretation bf/gical phenomenaSCG IV,
Part 1, p. 12).

" In the first volume ofSCG Needham asked: “how was it the Chinések-
wardnessin scientific theory co-existed with the growth afi organic philoso-
phy of Nature?” $CQC I, p. 4 [italics added]).
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absence of modern science in China, but ratherelp to track certain
factors that played a role of significance in thmeegence of modern
science in the West (cf. Cohen 2007, p. 499).

Allow me to provide some preliminary clarifications

* Note that | have deliberately decided not to falate NQ in
terms of the (non-) occurrence of the Scientifiovélation (pace
Sivin 1985 and Singh 1987), because the latterufretly raises
concern. One might dispute on whether ‘the Scienftfevolution’
is an adequate term to denote this particular goaethe history
of Western science. However, no present-day h&stoof science
conceives of itsignifié as a radically discontinuous process that
happened overnight. Moreover, it is undeniablylsd by the sev-
enteenth century our ideas about how to obtain kedye of the
empirical world had changed significantly. That arsnot pro-
vide a stricterminus a qu@andad quemnfor this process is a natu-
ral consequence of its accumulative nature, rathan a real
worry.

» Secondly, the words “a specific sort of scientifhinking and
practice” are meant to avoid all undertones ofuralt superiority
or teleology, which has unfortunately accompanieNQ (see the
examples in Dun 2006)However, the problem dissolves when

8 E.g. Sivin's laments: “These assumptions are Uisliaked to a belief — or a
faith, if you prefer — that European civilizatioh along was somehow in touch
with reality in a way no other civilization coulépand that its great share of the
world’s wealth and power comes from some intrirfititess to inherit the earth
that was there all along.” (Sivin 1985, p. 43), fFoe past of other civilizations
the test is always anticipation of or approximatiorsome aspect of early Euro-
pean science, or modern science.” (ibid., pp. 45-d6d “In other words, if one
begins with the assumption that the paramount igsube study of China is
accounting for the inevitability of backwardnesseois unlikely to question
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one conceives of the NQ as a questiortomparativehistory of
science: what we are doing is determining the wifiees between
Western and Chinese science and providing an exjitemnof these
differences.

As we have seen previously, the sort of scientlioking and practice
referred to consists d particular integrationof mathematics, experi-
mental testing, and theory. In what follows, | wilbrify what the latter

consists of and, in doing so, | will provideminimal conception of mod-
ern science First of all, | consider the following features eelevant

characteristics of modern science:

* Scientia operativa. A major characteristic of modern science was
that it broke with the Aristotelian separation beémnaturalia and
artificialia in a systematic way. Aristotle had argued thathe
formation of products of nature and in the formataf manmade
products different principles were at play. Moreedfically, he
emphasized that human interventions in nature rtigtue normal
course of things and thus offered no legitimate waybtaining
knowledge about the natural world. By the severteeentury,
natural philosophers had become convinced that tiseno onto-
logical difference between the spontaneous workofgsature and
the workings which are directed or manipulated bgni® pur-
posive action (see Ducheyne 2005 and 2006 for fiperase-
studies). Bacon’s project of reform was to be fathdn “natural

whether backwardness was inevitable, to ask whélleee were not in her histo-
ry prominent patterns of success from which we inigharn, or to re-examine

the assumptions about the modernized West thahey&uropean history as a
crescendo of success (with setbacks, to be sudéngado the complexity and

thus the charm of the crescendo).” (ibid., p. 46).
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and experimental history”, i.e. on a detailed symwespecific phe-
nomena as they occur in the spontaneous coursatafen on the
one hand, and on a systematic experimental studptofe “under
constraint and vexednétura constricta et vexald i.e. nature
“when forced out of her natural state by art arel ltand of man,
and squeezed and mouldecuih per artem et ministerium hu-
manum de statu suo detruditur, atque premiturregifiur),” on the
other (Bacon 1887-1901, VIII, p. 48 (= ibid. Ihstauratio magna
Distributio operis p. 222)° While there is currently no widespread
consensus as to which traditions and thinkers waetaally respon-
sible for the rise of @cientia operativge.g. Pérez-Ramos 1988
and Smith 2004), the claim that the idea stintia operativavas
central in seventeenth-century thinking is widedgepted.

* Interventionism. During the seventeenth-century a new scientifi-
cally useful notion of causality emerged, which wasnected to
the idea of acientia operativaThis new notion of causality is an
interventionist notion. According to such notiousal relations
can be discovered by actively exploring and maiifud) natural
processes. In order to know nature, we basicalx ta intervene
in nature. Generally: if we wish to explore whetlAdgs a cause of
B, we will need to establish whether deliberate puagposive vari-
ations inA result in changes iB, thereby keeping other variables
as fixed as possible. Paradigmatic of this is tikwWwing text by
Galileo:

® According to Bacon, nature exists in three statagure in its free and ordinary
course ¢peciey nature forced out of her natural state by viblempediments
(monstrg, and nature constrained and moulded by art angahuministry érti-
ficialia) (Bacon 1887-1901, linstauratio magnaParascevei, p. 47).
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Therefore, commencing to investigate with examaratly ex-
act experiment how true it is that shape doesanhatl affect the
sinking or not sinking of the same solids, and hg\already dem-
onstrated how a greater heaviness of the solid seispect to the
heaviness of the medium is the cause of its asegrali descend-
ing, [then]whenever we want to make a test of what effectsiiye
of shape has on the latter, it will be necessarytke the experi-
ment with materials in which variety of heavinesgsl not exist
For were we to make use of materials that couly warspecific
weight from one to another, when we encounterettian in the
fact of descent or ascent we would always remath ainbiguous
reasoning as to whether the difference derived thdm shape
alone, or also from different heaviness. (Drake1198 74 [italics
added])

Connected to interventionism is the notion of dafreely) closed
physical system. A (relatively) closed physicalteys is a (rela-
tively) isolated system which is maximally independ from its
environment: ideally, there are no interactionsweein compo-
nents of the system and the surrounding environm&ntlosed
physical system is intended to screen off extemfalences — and
hence, if successful, it warrants that no extemiliences, other
than those we produce ourselves, need to be adfiucte: effects
we observe in the system under consideration (sehé&yne 2005
and 2006).

« Experiment and mathematics. Contrary to an experience, an
experiment presupposes the involvement of a spegqtiestion
about nature which the experimental outcome isgdesi to an-
swer (Dear 1995, pp. 21-23). Experiments alwaysriles specific
events and attempt to provide answers to spediistipns. Robert
Hooke, for instance, recorded that experimentakfmps” are to be
accompanied by a specification of those observatimnexperi-
mental outcomes that would answer the questiorntakiesi.e. a

19
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natural philosopher is to specify “what ObservadioExamina-
tions, or Experiments would seem conducive thereuahd ac-
cordingly under every such Query of Question, hghtuo set
down the things requisite to be known for the abitej the full

Knowledge of a compleat and full Answer to it” (H@o1705, p.
33). In an experiment a physical process is deliiedy manipu-
lated in a controlled and quantified manner. Furtitze, by quan-
tifying physical parameters, mathematical patteimsthe data
could be sought for. Experimentation obviously sgaanicely
with interventionism. Replicating and reproducingperimental

designs were crucial in the establishment of moderence. Pro-
cedures of epistemological control, such as hawrgeriments
witnessed and attested by qualified observers wareial to the
establishment of experimental results. This presspg an explicit
social technology, i.e. a set of rules scientibtsutd use in dealing
with each other and considering knowledge claimsl, a literary
technology, i.e. a written account composed in suglay so that
those who did not witness the experiment are fanuked with the
experimental accounts and that one could find #giired infor-

mation to re-do the experiment, if one choosesotea (Shapin &
Schaffer 1985).

* Physical laws. Scientific laws and theoretical principles (e.g.
the laws of motion) were obviously quintessentiathie establish-
ment of modern science. Such theoretical principkysed as ab-
stract inferential tools from which conclusions kkbibe derived
once specific information is provided.

However, by providing a series of characteristatdees of modern sci-
ence, we have not yet arrived ahaimal conceptiof modern science.
What we need in addition to them is a characteamaif how these fea-
tures werdntegrated
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(MC) When doing modern science, Western natural pbgbers
accepted the following precejit: order to obtain knowledge about
the empirical world, one should rely on systemditjcquantified
observations or on the results produced by activigrvening in
natural processes in a controlled manner by medmexperimental
designs (whereby the results of the experimentalgat hand are
guantified) and explain the observed phenomeneefgrence to a
set of physical laws or theoretical principles

Let me illustrate this with an example. In Bookfltle Principia, New-
ton established a systematic dependency betwegprésence of certain
forces and specific (observable) mathematical ptmzethat characterize
the motion of the bodies being acted upon by tHesees,in casuhe
related inverse-square centripetal forces to Kepiemotion:® When
demonstrating this, he relied on conclusions exddily the laws of mo-
tion. By Law | he was able to infer the activity afi impressed or cen-
tripetal force from non-inertial motion, by Lawhk was able to infer the
magnitude and direction of an impressed or centiifferce producing
non-inertial motion, and by Law IlIl he was ableétate the impressed or
centripetal force to its corresponding reactiorcéorin this way, he was
able to integrate (astronomical) observation, nrattes and the laws of
motion. TakingMC into consideration, NQ becomes:

(NQ1) Why did the precept that order to obtain knowledge about
the empirical world, one should rely on systemaijcquantified
observations or on the results produced by activigrvening in
natural processes in a controlled manner by medmexperimental

1 Since | only want to make a general point hetieave simplified this discus-
sion of Newton to the extreme. Details are spetiatin Ducheyne 2009 for
instance.
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designs (whereby the results of the experimentaigat hand are
guantified) and explain the observed phenomeneetgrence to a
set of physical laws or theoretical principleecome dominant in
the West and not in China?

In China mathematics was highly evolved, an abtthreoretical ap-
proach to the study of nature was at hand in thengs of the Mohists,
and empirical sciences were practised. Howevem ftloe Science and
Civilisation in Chinaseries it appears that an experimental approach —
the sense outlined above — was not highly develbp@dken this into
accountNQ; becomes:

(NQ,) Why did the precept that in order to obtain knesge about
the empirical world, one should rely on systeméiicquantified
observations or on the results produced by actiirgBrvening in
natural processes in a controlled manner by mehesperimental
designs (whereby the results of the experimentaleat hand are
quantified) and explain the observed phenomenafgrence to a
set of physical laws or theoretical principles baeodominant in
the West and not in Chindgspite a highly developed mathemati-
cal corpus, an abstract-theoretical approach to $iedy of nature,
and the practise of empirical scien@es

Hereby we have arrived at a more exact formulatibNQ. ThatNQ, is
fruitful can be seen from the questions which ratyrfollow from it.

| consider this issue as an integral part of tig and strongly encourage fur-
ther research of this matter.
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4 From the Grand Question to manageable ques-
tions

Given the present state-of-the-art, it seems téobesoon to provide an
answer td\Q,. Before we can provide a(n) (partial) answer tovi¢ will
need to find answers to some smaller, but more geaide questions. It
is important to note that these questions are miit-gsiestions to
Needham’'s Grand Questions, but rather particulastijpns which need
to be answered before one can reasonably addresSrind Question.
As | have argued previously, modern science rdfesparticular inte-
gration betweenmathematicsexperimental testingndtheory. In what
follows, I will list some examples.

4.1 Questions on mathematics

Did the Chinese insist on quantifying empirical pbeena? And if so,
to what extent?

Did quantitative accuracy play a role in the evaaraof knowledge
claims on the empirical world? And if so, in whaay?

Was prediction predicated under quantitative aaytiradnd if so, to
what extent?

Were quantified relations between empirical phentargeen as provid-
ing a mere descriptive account of the phenomeharad or as a crucial
element in providing explanations of them?

4.2 Questions onscientia operativa, on intervention-
iIsm and experiment

How did the Chinese conceive mdituralia andartificilia ?
Did or did they not make an ontological separabetween both?
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Did they think that by actively intervening natugahenomena were
disturbed from their natural courseofitra naturamversussecundum
naturam?

Did the Chinese perform experiments in relativétysed systems?

Did they apply screening-off procedures in ordekeep specific vari-
ables constant?

Did they systematically quantify empirical data?

Did they conceive it as their business to raisecifipequestions about
nature which the outcome of a physical procesgsigthed to answer?

Did the Chinese have a tradition of withessed dslipuexperimenta-
tion?

Were scientific accounts written so that the reameid gather suffi-
cient information to re-enact the procedure desc

4.3 Questions on theoretical principles and laws

Did the Chinese use theoretical principles or lawsch served as
abstract inferential tools from which conclusiorsuld be derived
once specific information is provided?

Did theoretical principles or laws allow the Chiede provide a theo-
retical interpretation of natural phenomena?

What are the similarities and differences betwden donception of
physical principles developed by the Mohists arms¢éhdeveloped in
the West?

4.4 Questions on the integration between mathemat-
ics, experimental testing and theory

Did the Chinese relate observable mathematicallagges to a theo-
retical account of these regularities?
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When explaining natural phenomena, did they prodemd theory to
guantified data or conversely? And if so, in whaty(g)?

What is the role of theory and theoretical prinegpin Chinese sci-
ence?

By paying scholarly attention to these specific gjioms, we might
perhaps, in a few decades, come closer to providirigh and subtle
answer to Needham’s Grand Question.

Ghent University
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