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Preface

The velume is based on the papers that were presented at the Inema-
tonal Conference Moadel-Baved Reasoning in Scientific Discovery (MBR338).
held at the Collegio Ghislieri, University of Pavia, Pavia, Italy, in December

Q4.
w The papers explore how scicntific thinking uses modsls and explanatory
reasoning 1o produce creative changes in theories and concepts.

The study of diagnoatic, visual, spatial, analogical, and temporal rea-
soning has demonstrated that there are many ways of performing il'Hsl.l.igﬂ?l
and crentive reasoning that cannot be described with the help only of radi-
tional notions of reasoning such ag clussical logic. Traditional accounts of
scientific reasoning have restricted the notion of reasoning primarily to des
ductive and inductive arguments. Undesstanding the contribution of model-
ing practices to discovery and concepuual change in science requires x-
panding scientific reasoning o inclede complex forms of creative reasoning
that are not always suceessful and can lead to incorrect solutions. The study
of these heuristic ways of reasoning is situated at the crossroads of philoso
phy. artificial inwelligence, cognitive psychology. and logic; that 15, ol the
heast of cogmitive selenoe,

There ane several key ingredients commeon to the various forms of model-
Pased reasoning to be considered in this book. The models are inund_-bd A in-
werpresations of target physical systems. processes, phenomena, or siuations
“The models are retrieved or constrscted on the basis of potentially satisfying
salient constraints of the target domain. [n the modeling process, various formn=
of abetraction are utilized. Evaluation and adapeation take place in light of
structural, causal, andfor funclional constraints, Simulstion can be used 1
preduce new ses and enabbe evaluation of behaviors and other factors.

The book also addresses some of the main aspects of the nature -:I'Ial:u!_u&
lion, connecting it to the central epistemological question of hypothesis with-
drawal in science and model-based reasoning, where abductive inferences ex-
hilsit their mest appealing cognitive virmues. )

The various contributions of the book are written by interdisciplinary re
searchers in philosophy, amificial inelligence, and cognitive science who are
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prnareh Enorspel e gaiechedi

A pact: My obpective in this paper 15 to argoe thal rescasch om moedeling within science
wnd techinobagy showuld be cautious abaut sppeoasching reodels i iaolalion bul
should regard thom as part of a comples, penerative field. While there oer-
lainly may be rhetonical purposes for ololing o parisasine medel 2 keing (=0
reflief a particalar “way of seeing” im the Misiory of sclence, coution is essential
il such o presentoticn of models doesn't become more o cancabare of eiense
The plathora of books. represending the hstory of seience thiough @ seres of
1cons of greol figures &5 an example. Oihers ecamples can ke fewsnd in the
misleading assimilazion of Kubn's idea of parsdipes (Howningen-Huene,
1909, Nevsecmnn, 199E). After rabung several brisl commens skl snoadel-
haed reasoning, | will nockee whar mighe be leasnad from rending about 1he
gerermiive cagnehive Dield wvn which madels emerpe 1 will cansluds My CoMm-
mems by making several commems o the relation bereoon models and dias

Frans.

1. MODELS AND CONTEXT

Whether one considers the papess présented o o recent conference de-
voled to “Model-Based Reasoning in Setentific Discovery” af the University
of Pavia or surveys recent literature on seientifie modeling, one ig strack by
the multiple vantage points from which models in seience ane appreached. In
his book on magnets, the seventeenth-century polymath Anasthasius Kircher
teicribes a thought experiment in which a stawe, located on a stage, is
Placed on movable pedestal operated by magnet hidden from the andience,
When a magnet s tummed beneath the floor of the stage, the stae moves, To
eomplicate his experiment, Kircher notices that multiple mirrors behind the
stufue gencrate 4 seomingly infinite number of reflected images from the
viage point of individuwals seated in the audience, Kircher's 5.p|cn|;||-|il:|.' b=
Iwjue expenmeént reminds the reader that there are muliiple wavs for visw.
ing phenomend but unless one comprehends the fundamental elements of
cawse and effect defined by the magnet the audience will be kept puessing
(Kircher, 1643). The multiple images of the twming state offer an interes-

Mocdel-Baved Keasoning ta Scienrific Discovery, edited by L. Magnani,
N1 Merssisian, and P, Thagand, Klewer Academiclenum Pehlicherns, New oo, 1969
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ing amabogy 1o the multiple ways for approaching the use of models in sci-
e, Inthe broadest sense, a distincioon may e made berween rescarch di-
recied toward EI.FH.'.I‘i!T!lI!nt!L' Jil,'.pla,s._l,-mrnl of madels (Ciommbing, 1958 Wim
sam and Schank, TSR, the iuru:n':l.lcin.g conneciion Between modeling and
visunalizatian Iﬁ:hnl:lll:lgiu wialhii coimgiler envirsmmenty ﬂ'hug,ﬂrdl | 'y
o wark that weould id.EI'Hll'].' izl IIIIE:h[ B el led e ]:lEie:t: ol mu]u]mg und
thie Fq:d.iﬂl:llg.ll.':ﬂ role of models. The fiiige pinc luicles Er.tlil.'.rllingI within bio-
fngical system (Pennock, 1999 oo the administrateve enforcenant of madels
within sciendilic projects (Freedman, 1990)

The observation thar there are models “all the way up and ull the wiy
down™ (3 comment made by Eonald Ghiere ar the Pavis conference) deserves
comsideration especially since the large magonty of stichies have Tooked W
modeling within the comext of pamicolar case studies from the history of
scicnce. The comment is suggestive and cven o hit enigmatic. While there
may ko models "all the way down,” it i= nol simply a maver of genreral pla-
ralism [ think ot s important to emphasize the contmuem of modeling tha
takes place in cognition. Fumhermose, it may be useful to recognies how
reading provides an imporant analog for approaching such o continuom of
modeling. Before 1 urn o reading in porticular, it is useful to ask whether
the discussions about cognitive modeling are not imiating discussions which
hivve already taken place in the study of poczics?

Aristetle’s analysiz of génres in poctey can hardly be separated Troom bs
il:l'l.il!r'ﬁiv.'\. of animals. The qul"_ﬁ['lun o ar:k.i.u].: i be '|'.rnw|:|:| nik om lhn:
level of the individual work kil a3 4 gueslion ol the Tield, The inferest n or-
dering the writken foems of science réally marks the development of & poetie
ol seience, The desire to catablish a henvrchy of such forms points a5 well 1o
an Wles of develapmeant and the assémbly of more comples forms of com-
runsication, For example, while just e we might speak of a poelic of so-
et thul would create o laxonamy of Tocms, sot might be possible o spoak
of a genealogy of saenlific forms that presupposes an wden of evolving comr
plexity sind purpose. Indeed, here it is appropriaie w underseone that the very
efliort g eutublizh such orders within literature are regirded s pan ol scien
i Ahrough the early mesdern period and cominue 1o be embraced s such
willtin the hL"I'I.'I.-..I_ﬂl_' ol ﬂa‘r:rr.'rlw::r.lr.ﬁ'.;'i:p_frfu {Bambach, 195038 Gasdimer,
TRETY. I is poszible to sou the inderest in modeling in philosophy of science
s impulee to develop o iypology of models tha paralie] linerary typelegy.

Thee smplications are imporant: for it sugzess thar madels in scienee
[romest dos 18 adesires Doonmmyeee weieniifie diseourse, Doowe have literury analysic

! Boiaakas idaicsd @ the gennéy ol soicnbilic and foclaneal duiiamiiealeidg g delimod 1o a
Eurs-Ansssican selnng provide an inbfguise sie fof the foeaisn ol such tasisios, Sog
LSTIE S o H R R

Madels and Liggrame wirhin rhe Cogritive Field [T

surned inside owt? It is hardly surprising that historical surveys of such forms
provoke idens of evolving osder,” Tt s valushle o make a comparizon be-
fween the laxonomic structures identified in literature and the impulse o
crente laxenomies of wriling in science because in both cases the historical
field provides examples that lead o the d-l:p;:rilu:inn of models. Beyond the
xoncmies of the wrinen forms of science, there have been multiple 1m-
pulses 1o consider the topoi, or figures, that have been used in scignce. For
example, effons w identity the use of metaphor scienci: are part of an
evolving impulse to formulate a wopalogy for sepence, The mecognition that
it is passible and even necessary to assume a “rhelonc” of science is andlher
clement of such a tropology (Gross, 1990, Bazerman, 1988}, One of the most
,-igmlicant components of such work has been the recognition that the cle-
ments thal comprise such a tropology may also emerge within the non-
natural or ereated languages associated with seience, Modeling in literature
ix displayed by a developed practice of eollecting of topod or figures which
are assumed 10 contribute 1o the evelving constitution of lieerature.*

From the vantage point of modeling, efforts to identify taxonomics or
tropologies within science as it has been practiced reminds us thal scientifie
miodels are hardly iselated but continually in play with one another, Kuhn®s
work on Copemnicus offers a good example (Kohn, 1957). In contrast to
broad overviews of the histery of science that often give the impression that
the change between Prolemaie and Copemnican views of the universe oc
curred quickly, Kuhn's work remands one that the shift from one model to
another ook place innumerable times if viewed from the vantage point of
the individuals who constituted 1o the scientific community. The modeling
practice associaed with taxonomics and tropalegy pertaing fundamentally o
our own acts of interpreting historical evidence rather than defining the ac-
tual use of models in the practics of science. From the vantage poim of proc-
tice, 1 1s imporiant o make a distinction between status of a model as a ve-
hiele that reveals something about how séience was ‘Fll'Hli'Eﬁd in contrast o
the made] as an instrument that shows how felence (@ being P-I"liﬂli-ﬂﬂ"j-‘ The
distinction is important becapse it shows that models may assume different
rolez as the mediate between interpreting the past and the fulere, It ix pre-

* See the isferesting history of malheratics included im the introdectory essay of Wallis
C1685) Wallis's hisiory provides a cudamenlary epology for mathematies thal Bears
cumparisan 1o Vico, Alikough Vieo receives much crodie far delincating ideas of evalving
wider within natural Linpuages, be dess 6ol takeé up the idea of evalnng orders wilhin
symbodic languages.

"M sshylantial cxample of tops i Biertor i3 faind 1n Cuntiey (1961),

“ See Latoor (1#ET) Whale Latous's discussion of modalite i on pan indehied 1o Greimas,
hig diteusdian of inscripains devices does not really wike op the physical imtervention of
differcnt furien of wellng or of graphic represemation wilkan bachng-scientifie litzeature,
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esely for this reason that models can function both as riuals tha represen:
the way something has been done or as projective forms that may lead 1o
reomentation.” Jusi as the sdea of modeling in science may function in his-
Parscal |uu|l:|.'5;i.|.' of science of in the praclice of sorence, o the idea of mod-
eling within the field of literature has a function that may be associated ej-
ther with interpretation or with creation. But while such a comparizon is
cerainly appropriate, reading iself provides an even beder analog 1o the bi-
nary function of the model in science.

2 THE MODEL OF READING

I want 10 consider a msdel of reading which provides a synthetic stmg-
wre Tor approaching modeling within science. The model &5 proposed by
Cesare Segre and in itsell combanes several components from formalist line
nstics {hegre, 1979, pp. 1-56) As we read we are continually in the proc-
ess of generating and evaluating hypothesis. On a fundamental level each
word we read 15 the consequence of a leamed ability to recognize letters and
form words, The mcognition of individual words leads to the formation of
sentences and the mental praciice thit we associate wath meamng. The act of
reading involves nst simply the activation of meaning on the level of the
sentence Bt an evolving formulation of hypothesiz abowt what we are read-
ing which are ever under revision as we continse through a text, IF we orish,
wit think about reading s (he movement of an arrow that discards possible
meanings al the some fime that it makes projections aboot what will be en-
countzred mext on the honzon of reading, The process which [ have de-
senbed s truly mualtilayered becmse i involves both the chronolopical ac-
similation of sentences and their reformulation inle the ideational o1 nareati-
val structure of the text. Bven though the text hos been resd it may reeeive
multiple interpretations in as much as comprehension of the plot or fabuls
may ned at all be synonymous with an understanding or interpretation of the
narrative. There 15 a sense in which the process of reading i3 never com-
pleted,

Although the process descnibed by Segre may be sugmented (Iser,
1974, 1978}, even ils simplest formulation prevides a vehicls that may be
used 1 approach maedeling within science. As | noticed above, the act of
reading inevitably functions as a moment of medation on an evolving ho-

¥ Warz and Martsgnen | L#2E) observesd the placs ritesl willen malhematical practics in a paper
prescneed w1 the Pavis Conference, 1 have alus benefined from discastiong with Elke Kurz
an har recenl vidil o Georgia Tech,
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izon. Such mediation is hardly passive bul involves a process of formula-
gaon and reformalation,

MEMORIAL
SYNTHESLS

PLSSIBILTIES
EXCLUDED

Figure 1. Sepre modél of reading.

Ewven though it may scem thal such a process ceases when the teat hua.-:
been completed, it is evident that the text cither may be read again or thar i
comes under intermogation as one reads other texis. A similar practice occors
in the practice of science for the construction of model is first grounded on
snc's previous experience and second, continually under examination given
one’s evolving experience. While there are broad similurities, differences
also appear in the referential assurnptions associuted with the model of
reading and the deployment of the model in scientific practice. Although the
act of reading may have multiple referents (ie., the landscape in a novel by
Jane Austen or of a planet in a work of science fiction), the referent of the
scientific model is assumed 1o be a symbolically mediated link to nature.
Angther difference appears in condensed forms of representation found in
scientific modeling. Rather than being nasmative structures alone, the scien-
tific model is often formed in a metalinguistic setting.

Izaae Mewton's “Trinity College Notchook™ provides remarkable exam
ples of the formulation of a working model or diagram (1 will retumn o the
distinction between the twa of them below) (Newlon, 1992} In addition o
serving as an important document within the history of science, the notebook
wrovides a rich collection of cognitive problems in the practice of science.
Fram an armay of problems that range from comets o quantity, 1 woald like
e comsider Mewlon's ¢ffont to describe turbulence.
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Rttt Relrimiom & 1inclvilasises
CIF wialznt maticn

WVinlen molion is mode [cominued] eidher by ye aire or by mdion [a Fores] im
prest. U by the aatugal] gravily in e body moved. Nod by ve pire since ye aing
selie-yi—fd Crowds more uppon ye thing projecied before, yn behind, £ mus
lwerebore ruther hinder i-tusipopsro-felpailvdie-diolh-pe-dbing st Lasi fall for
wnu may abserve i water ¥1 3 thing maved in it doth carry ve same water behind
fl along wih it as 10 a cone o al least ye waler is meoved from behind il wth bist a
small force as you may obssrve by ye matex in ye waner supose {a) 10 be ye
boddy moved: (h d. e L)t be ye water moving hehind (a0 10 give it place. (o)
ye waler beharal (a} fallowinig it & going alang wih it The if ye wmer a1 (0 ran
30 wiclenlly against ye backawle of (a) it would boats pway ye warer o (ad wih
viedence bul v waler i3 medved very alewly from belund a.as-vou if it be moved
AWy &5 you may pereeive by

Fl',guu' .t

¥E NS IR Ve WHteT, Sepnine-tui-wil the [ike must happen in aire if you say Bo ]
usswer missd yn move [a) forwards in waler. So if hot leade drop imto witer y
pae wich is behind &5 will be pointed. Ye Fore ple round weh wauld be siheraise
if ye aire pressed ax much on it befase hind o behindfore. Thirdly how can ye
aing continue ye moten of a globe on i axis [_] (pp. 367-68)
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Mewron's texd reminds us that correction and clanficatien s an aspéect of
formulation. The words that are crasssd out are importam az a record of
Sewlon's thought process. MNewton's drawings, however, serve as The focal
point and oriend the way that we approach the text. The drawings are e
rrarkable because ey show Newton providing a mathematical Tramework
for the maverment of water arownd a snall obstroction. The emended 1ext
aecompanics the two drawings as a commentary and should be distinguished
hath from the deawing of wrbulence and the xymbolic inscriptions that im-
e 4 schema of polential interpretation on the phenomena. Significamly. n
i the symbolic muthematical language uged 1o describe the phenomena thit
provides the link with the commenary, It ix precisely Newton's cffor 1o
farmulare the problem through symbols that s so interesting. The [oremila
fign of the problem, however, appears neslther i the teal o the dravwimgs
slone but in their interaction, Once the problem 4 Bgeeed oul, however, the'
dravang may become the representation of the problem. While diagrams or
models participade in the mediation of the marralive, they alsd stand out and
serve as a focal points or registers provoking further investigation. In effect,
deawings or diagrams inevitably function as memorial devices as well for
they seize the strains of the possible just as they let others go. By simltans:
ously opening and excluding possibilities, they anticipate the course of a
projected explorition. Every drawing becomes a polential site for discovery.
The deawings organive fwlare disooirse,”

(e efforts to understamd Mewton’s problem are alse shaped by our
knowledge of Newton and our understanding of the development of science.
Each shapes a horizon of expectation. The fact that the preblem appears i a
netchook of person recognized as a won of science shapes our expectation as
we read. The more we know about Newtan, the more detutled our expecta
tions may be. Another set of expectations cones from the way we siluale the
problem within the history of science. Who else sought 10 represent tarba
lence mathemarically in the seventeenth century? Although there suill mey be
histarens of science who beliave they can recreate Mewlon's 0wn expecti-
tion, il in meose predent 1o recognize thar our offorts 1o understand the past
ar¢ inextrcably shaped by our own experience.

A conception of reading as a proeess of continuous hypothesis formula-
vt and evaluation especially when it includes the creation of meaning
throwgh metalingaistic forms provides n uselul ground for approseching mod-
¢ling within seience, Just as models are constructed in the practice aof reading

" Adt analopous funclion is found im uerbone wheee the ligurative becomes qrmcd as an inbc-
fretise prahlcm tha poods Lo be -::-;l\.'la-r.nﬂl Pramimgs, hivvesved, o i Fpn‘.‘-:lk anlirghy S
thapes ves b imvite wiitien of ool clabotation, The Jrawings = aod hae we may alse say
dliggrams - are analogous o Figures of spegeh cuch 4 meinphes binh are imuiuve and
proselse ol yhorntion on anothor bovel
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they arc fermcd in the practice of scence. While scientific models may he
articulined through natural losguage, they are defired through drawings or
diagrams. What s ol unmost impestince, hoowever, ig that the practice of
rdeling e naol static bul mvolves o conlinuoes eonversation with ather pos
sibilicees. Above all, reading provides a ground for approaching the penera-
tive fleld in which modeling ooccurs inscience,

3 DIAGRAMMATICS AND THE FIELD
OF GRAPHIC REPRESENTATION

[ have suggested that the discussion of medels within science cannot take
place withoot recognition of the prevalence of modeling within cognition.
Farthermore, 1 have suggested that reading provides a vehicle for approach-
ing the omnipresence of models in cxperience, Tn the fellowing paragraphs, 1
want 1 suggest that mther than using the term mode] 100 broadly. it s usefuol
to distinguish bevween different forme of graphic representation in science.
In ]:ﬂ!l'lir_'ulm, it 1% uxcful o 'nll,:rﬂ:'if:," A p]'-l:lg'[ﬁ;;iﬂ]‘l_ within the feld of praph
representation, Such a progression incledes muluple symbolic forms, (The
study of these symbolc Forms and their relation might be referred 1o as dia-
Rrarasa s,

In turning my attenlion o diagrammatics, | want to refer 10 my carlier
comments on reading. However, af this moment. [ also wamt 1o register the
differences bifween reading and writing. As an extension of writing, mod-
eling in science should be regarded as an active process which is fundamen-
tally prajective. As in the case of reading, modeling looks not only 1o the
future but carries an implicit rejection of other possibilities. Tt is significant
that the modeling process in science at an carlier stage may be acourately
descrited a8 process of reading especially when the observer thought of him
sell a5 copying out patterns that had Been written by God (Bono, 1995). In
fact a distinction beywesn the modeling process used in reading (interpreta-
trom of meaning) and the medeling process used in writing (the construction
of meaning) is crucial in as nuch it indicates a particular relation to natre, Tt
i possible fo view westem selence as fondamentally shaped by hermeneu-
cal strategies that would “"read” natural structures and then suppress the very
technological steategies that show the ways nalure i also being wriiten.” By

- Wulcan provides mybographic asalop especially if one consders bis contrahelory idensity
Im ke Middalbe Ages, While belng siewed as o chscwvone and Rabacior as well ax his 2.
waalioe with ingeniom. This wemiiny is oontrmdcsal by snother st portrays him 2 iome
ane ai ik askamed when be gjaculates prematurely whin be 1s im the presence of Vesus,
See Wetherboe {1972).

Models and Diggrans within the Cugeitiee Feld i

ermphasizing the centrulity of diagrummatics. we arc calling attention not to
an act of inlerpretation but o an act of mwlervention,

In his recent book, Les enjoas o mebide: imurhdmarigne, physigue, pli-
fovophee, Gilles Chitelet surveys the ways diagrams have been used in the
nvention of geometne space.” The following are anang the fungtions that
may he associated with diagrams:

Diagrams congitere rechnologies that mediate herweret other foch.
nerlngies of writing, The physicality of the dingram is also an exten-
sian of the literal rechnalomies vsed i then construction. ™1 donc
ansi en quelque sore propulsé une mean par la pensée ef on seral
tentié de dire gque B pince on le compas donnent un por e waie @1 |3
previm, en assocti i la saisie un angle sou keguel inervalle ean “ve,”
{p. 221) “Mous pouvons apprécier oot oo gqui sépare la régle du
compas ¢ de Fangle. La régle implique une mise boot & d'unités
énalons, une manipulation d'un morcean de direciion. La régle est un
transfent qui o &4é gelé - un bame™ (pp. 221-222).

|*Hence 1 have thereby as it were propelled o hand by thought and one
might be tempied 1o say that the pincers or compasses give o paind af
wiew to the hand, by associating an angle in which the inderval is "seen”
with the grasp”™ (5.3}, "We get the full measure of what distinguishes the
ruler feam the compasses and the angle. The roler implies an end-10-end
placement of standard measuring units, 1 manipulation of a picce of -
reclion, The raler is a transfer that has been frozen - a bar” (5.3))

—  Dinprams create space Sor mathemeonical innation. “Cn poerral parler
4 son propos d'une technique dallusions™ (p. 331 "Une philasophis
du physico-mathématique ne saurait ignorer celle praticue symbalgue
en amont duo formalisme, pratique de condensation of d"amplification
d imtutaon” {p. 34

|"We could describe this as a technigue of allusions™ and “A philosaphy
of the physico-mathematical cannot ignore this symbelic practice which
is prior 1o formalism, this practice of condensation and amplifwation of
the imuition™ {Inmroducten, po 17)].

= Diggrams are not sanic bt preject virlwality onte the space whech
they seek to represenr. “Faraday bouleverse la physique en dégigdam
de ne plux les voir comme des figures subsidiaires, mais comme des

' Al quotes arc fruen {hlkes Thiltelel (19931 Translasgns are from the fitheoming English
iranslarion 1o be pubilisted by Kluwer in 1955 unider (ke stk Comfigerng Space. Page ref
crence are i preliminay page-procd in which each chapler is pagitaied separaely,
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incitations 4 provogeer 'espace, comme des diagrammes. conme des
capériences en peiniiflé faisant alluson i des expenences "réelle’ gui
rendent flasranies des actions latentes, Les lignes de forve ne sond ni
rielles' ni tartifcielles”; elles ne mathémarizent pas les forees: elles
ne plaguent pas du géométrique sur da physique, elles, substitualite de
reprendre ses droits” (pp. 241-42),

[“Faraday turns physics on its head by deciding no longer 1o see them
{line< of force) as subsidiary figures, but as incitements fir proveke Sphace.,
us dingrams, or dotted-line cxpeniments alluding to “real’ experiments
that manifest latent actions. Lines of [orce are nesther ‘real” or "artificil”;
they do not mathematize forces; they do ot pin geomelnizal onto physi-
cul, rather they substitute an idea, but elastic and toagh, network, whech
allaws virality 1o reclaim its rights” (3,211,

Diagrams reprasent o visia! strutegy for enfaifment, “Lhorizon n’est
ni une beme qui interdit ou sollicite un dépassement, i unc barre
interite dans be ciel en pointille. Une foi qu'il a éé décidé, on emporte
[CROurs o0 horizon wvee soi, C'ea le odd exaspérant de 1" hari
décapant comme le visible, ienace comme une odear, compromettang
comme un taet il n*habille pas les chose d'apparences, mais imprégne
toul ce Que NOUS Nous sommes fésolus G osaisie (p. 92). “Saisir une
dimencion, c'est nventer un diagramme ol s egulibrent lo pure
dispercion de ce que Hegel appeluit ausrereinandertein (1" éant 'un a
eité de [autre simplement extérieur’) el la pélance de 1'imensaf: le
déploiement de celui-ci nourrit la mobilisstion et le redressement de
celui-1i, of ||:‘x.:E]|ru-r.|u¢|:'r'rEI1I:” ipp. 172175

[“The horizon 5 neher a boundary marker that prohibits or solicits
ransgressaon, nor a barrier deawn in a dotted hine acrass the sky. Omee if
has been decided, one always camies one’s hogizon away with one. This
i% the exasperating side of the horron: corresive like the visible, tena-
ciots like a smell, compromising like ouch, it does not dress things up
with appearances, but impregnutes everything that we are resolved o
grasp” {2,220 "To grasp 3 dimension i: o mvent o dizgram where the
pure dispersion of what Hegel culled prrrersinendersein (the "heing o
side one another’) and the exuberance of the ntersive balance one an
other out the unfolding of the latter pourishes the mohilization and
sieaightening of the former, and vice verse™ (4.19]].

Divagrenns are mediaring vehicles whieelr meanes Hheed Beev coenct oily
b recovered Bul rediscovered. Whle they medinte bebween other
1.;,._;]...._.[:.3’..:5 of wriling, they may alse mediie oo reveal links be-
tween problems, “Rien n'est plus fécond, tous les mathématiciens e

Mierelets coned E¥aoprams witfer e € ogeradvee Freded Mk

silvenl, que ¢t obscures anilopies, cey troukles rellets d wne théore &
whRE aneeE, o2 furives carecoes, ooy heosillerses |r:-|.=.!.}l||-|:.'|l:-||._-.l.: ren
aussi ne donne phes de plaisic oo chercheor. Un jour vient ob illusion
se dissipe: le presscatienent se change en certitude [...]. Hewreose-
ment pour les cherchears, & mesure que bes browillarnds se dissipent sur
un point, c'ea pour sc reformer sur un watre™ André Weil as ciled by
Chitelet (p. 28).

[“Mothing is mere fertile, all muhematicians know. that these obscare
analegies. these murky reflections of one theory in anather, these furtive
caresses, these ineaplicable Uil wlse nothing gives as much pleasure w
the researcher. A day comes when the illusion vanishes: presentiment
arns im0 cermainty [...]. Luckily Tor rescarches. as the fogs clear at one
podnt, they form agam at anather” (André Weil as cited by Chatclet, In-
treduction, p. 11)).

Dicgrams have & pedagogical foree that could Be fnregrated into
emcerhesmarical ecuwcation, “Les lignes de force de Faraday réussissent &
s'approprier ce que nouws proposons d'appeler des expériences
effcyramarigres el & donner un slatut & cetle langue du “parler avec
les mains', du “sens physigue’ donk les plus grands élecirogdomidres
om deving la puissance d'entrainement ¢t qui sait smsir I"instant de la
solidification de |3 métaphore, au mament o I opération Tui dispate la
souveraineté, Cetlg langue se nowrnit de gestes aen plus que de
formes mathéminiques déja dispenibles o posséde une puissance
allusive propre, transversale aux chaine déductives de la physigue
mathdématique et capable d’illuminer des pans enfiers de la géometrie.
1l v & une vocation expérimentale intrinségue du champ qui le soustrait
aux prétentions de ['entendement (en ce sens il st irrdductible & une
saisie trenscondantale) @ aus appétits des causalitgs. 11 a'y o pas, au
sens propre, J fapplicatien’ des lignes de champs, mais ghe élonnanie
p&dagn.g:ie par allusions qua mteaduisent d'emblée & un Cxpace
£lastique et & jouer dhe son aptitude i rententir” (p. 244).

[“Fornday's lines of force succesd in approprialing whal we are propos-
ing to call diggramensite experiments and in giving a status of this lan.
guage of *speaking with the hands’, of the ‘physical sense’ whose driving
power was sensed by the greatest electrogeomerers and which can grasp
the instant when the metaphor solidifies, when the operation comterds
with o for sovereigndy, This languuge Tesds on gestures. much mose than
on already available mathematical forms ard possesses o particular allu-
sive power, which can traverse the deductive chains of mathematical
physics and illuminste whole sections of geometry. The ficld has an -
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trinsee experimantal mission that peatects il From the pretensions of the
unlJcnillll:uli.nE_ (i this sense 0 s irredueible o0 tranecendental grazp)
wd Trovmy the Appstites all cavsalities. Thene 5, 10 Che literal asense, no -
pli-uril.i:m' ol the lves of Delds, Bul rather an '.l.a..'.nemihing p._'l,;l:l_gug;.' h:,'
gllasions wheth :-;Ir'.u:r.hl wway rerodsces an elasiic space wrd plm:n,: with
= l;:upnril}l Lo resgsrile” [‘.‘l-I?’-]'.

Although 1 cannod do justice to Chitelel’s discussion in the space that |
kave here, even the wentibication of ithese functrons demonstrares whar 1
have referred 1o above as the generative hield of grophic represcmation of
science, Their resonance may be demonsirated by noting that cach has por-
ticialr relevance te Mewlon's representation of the turbalence problem cited
above. Rather than spelling each out in deaal, [ would make several further
comments applscable both to Chitelst’s discussion and the examiple from
Mowion. Dhagrams shoald ned be thought of only within o rigid and con-
tralled tercann of malhematics, but should alse be approached a8 ludie (orms.
In effect, daagrams may b approached as aspects of “play™ in the sense that
Pragd dessribed the ways children cxplore space through pestures and
drawangs (Piapcd, 1932, 19731 As the examgde of Paul Klee and Cy Twosm-
blcy show, ludic aspocts of diagrams are abo foumd i arl (Barthes, 1985,
198560, It is hardly mislendhng (o view MNewton's drawmps a3 a form of
playfull and puzzling imteraction with his experience,

In my earlier discuzzion of reading, 1 observed that graphis representa
tions were complemented, ac an initial stage, by a wrinen 12xt The namative
setting for graphic representation may alse be determinsd by speech. The
question of how we move baween or integrate different symbalic codes -
the problem of translating between the namrative and diagrammatic matter of
mathematical discourse — has boen rarsed by many scholars (Rotman, 1993,
19950, 1 want 16 suggesi that we learm something imporiant aboal these ne-
goatmtions by paying allention to speech. Although we readily acknowledge
the place of aral trudition in the transmiz=ien of Homer or of speech in tha
shift froom philodogy 1 linmuisties, the impartance of arality in the (eansmis
spon ol methematios and scienee hay remained oddly bracketed. Reminding
carselves of the srality of our inguiry may scund Bke a truisme 1 dan’t think
e, The megrative function that relates the diagram 1o the text is one tha
cocurs throagh spesch, The centralily of speech in performing these irunsla-
trons oo fufsited L-.'.u.'r:,'\dny in elpswrooms angd leboratones aroangd the weorld,
We must be |_:|-r|:'_|:l:.ra|.1 Lo concerve ol Lu'alll!_'g,' not :-;l:llqﬂ}' i 3l ptlnu:llll.-.'rum thaat
may help us undersctand o particular experimen Bul a5 a constan phepamenon
that comiributes substanziolly 1o scence.” There 15 a sense inowhich the 1exix

¥ The fursctaun of afalily an b el of soeno: 1 e SI.:‘.‘?HI: of & currci vl ehitod
Faaxf Sevence.

Modely and Dingrams wirthin fhe Cognitive Field )

assemhbled by the history of science amount (0 CeS OF O SC0Fe Walling o be
performed or enactad,

Duagrams are controlled by modalities. Thess modalities must be ap-
prozched as having aspects that wre both written and oral. I we approach the
broad FAngE of gru.phi.l: lq'll.ru:nl’.ﬂ.liun willin scienee and |ﬂ:'|'|r||:|[-|:‘g}' ac g
E‘Eﬂ'-‘mﬁ'\'": faxld, we see that Iu:hm:'lilng}l mERy ke I!I'lll'luEpl ol ns @ pmmim
of states which involve the conLnUoLS iNErECHOAR ﬂd"d'la.gl.alm or mesdels.
Rather than viewing technology as jump from an idea to an artifact it would
be constitwled by a process of increasingly complex sign systems. We need
to think of technology as a confimuous set of interactions with signs thar be-
come increasingly reified. One way to enter this zone is to think of diagrams
ax devices thar mark a process of becoming. Dingrams might also be thought
of s providing access to a trace of thinking - somewhat analogous to efforts
1o describe the transformation of matler from one slable siale o another.™
From such a vantage point diagrams ane inlersbibal stmctures, The architec
tural blwe-print would be an example. There are multiple mediating drawings
im the development of most slnscture and artifacts,

Diagrammalics pertaing nal sunply to the imited use of drawangs in sci-
cotifie texts but identifics a cognitive field conceming with the use of figures
in the mediation of meaning. From such a vantage point, figures are not
peviral bt reveal matrices through which meaning 15 negotiated on an indi-
vidual and social level, What the Henpissance regarded as “thinking in pic-
tures” is nod simply allegorical but an imelication of the -Ei'l.l:l.'nil.i".'E field in
which meaning emerges (Gombrich, 1939; Flacher, 1964} Allegory is not
only an interpretive strategy for deahing with a hierarchy of meanings (the
contral and moderation of meaning) but a practice that permits us to see the
coordination of emergent models and emergent meaning. Allegory assumes
commentary whether associated with a written or graphically portrayed nar-
rtive, In effect, allegory creates a setting for the emergence of meaning with
symibolic languages. It is important, of course, that Renaissance painters
were also mathematicians {Baxandall, 1972). Punting in effect also works as
i symbolic language that provokes commentary, Micholas of Cusa's use of a
self-portran by Roger van der Weyden to demonsirate the ommigresence of
Goad 1% an r.:l;am];ﬂ: LEIHH;I‘LTI’. |‘;‘?2}. F.H.'inling:i, hike dia.gn'a-'m.. i.d-ﬂl'll.ir}" The
copnilive space in which meaning i generated,

Samewhat mare abatractly, we may say that iechnelogies of nepresenta-
tion simultanesusly have the capacity to reveal and transform space. While
oricmed by language, our thought process is shaped in fundamental ways by

"' The naziom af & “ienze™ within rabaral languages has been staged by Jeogocs Demida in
wadionis won ks, The {dea of & “oace” or within nea-phonstic symebalis languages deitves
harther consmderabon. See Derrida (1974, 1981
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pattern recognition and patiern manipulation. Models and diagrams enbody
sintegies of whting that function as vehieles for constuuiing idiosyncratic
coherence and mezning. But bevond such individual mearmngs, they also
work s vehicles for the constitution of shared meaning within groups and
fimally, as mechamsme for the exploration and seci] constitution of
sranshistorical meaning that give coherence 10 the practices of science. Por-
haps it is appropriaee for us to think of curselves as members of the Kircher-
like awdience commenting ned only on the mubiple angles Trom which
"models” may be viewed but on the broad field of represemtations From
which they emarge.
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