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Prologue

st becomse we are fimite beings, locared, sitwared, embodied, we ran, and car only,
miudidle throwgh. _ . . Seientists marddle through with staggering suceess. Only theis
suceess (5 rather different than they imagine. It depends not on any possibility of
trunslaring theught inee action, but on the confaining practices of a colluding
communily of commaen language speakers, Qur task . . . &5 o make sense of the
successes of scienge in terms of the particular inguistic and mareral conventions
thear scientises ove Jiuw'dﬁlr thetr own sons of sreachiMiing hrenaggh,

Evelvn Foy Reller

For thee soweraists whio woerk sotbim vhern daily, and Lor the peoprde wha avidly tune
in to theirwork through che media, the sciences are an endless seurce of exhilara-
won, insight, and wvention. The scierces dermand soime of our best thinkessg and
ol dexrrons I'|'I.I:III|1|_,I|.!ri-\.1:I.!G e terees thar seem |,|II-=:r|'_.' I,I{'[M'II‘.I.,‘I‘II‘IL'. ang authiori-
sanively fimal, the sciences rell vs about whats truly happening in thie genes, cells,
and crgans of vur bodies: abour the evolutien of lite; showt how owr brains and
maneds relly work, as well as abown the Brains sod (perhaps) minds of computers,
al
stretches of time wnd space. The ingenuity of sclentists conncels 1o the inttcicies
of mature, and the resuling combination of the these forces feeds us, heals us,

about the liwlul and wwe-Tul realmies o subatonie pamicles and vast cosmalog

IrAnsports us, Inspires us.

Yet [ew things are more unseitfing than working in or observing the sciences to-
day. Yesterday's truths arc quickly loggonten, made obsolete by the troer vruths just
released], Medical brealahroughs soon show serous limitions or disturlung side
cifects. The next cosmic discovery will cost taxpayers a billion dollars more than
the previous one. Many scientists with areat ideas see thoe ideas po unsupponed
or undeveloped, and they encounter a public that is often wmmterested, ill-in-
lormmied, or hostibe, Unent controversics over health, behavior, and environmerst
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reseal conisensis and olren seem only 1o splinter into bater disagroements among
scienlists, Mature seems nol only more and more complex but also opague and
evern downneght oriery. And 2o the prohlems pile wp, and disimss and disillusion-
I SElin

These are contradicieons, toosay the ast This book swall dooas work oot by ne-
:.«1|1'1r1!,_'| theety, e 51}' ,J.%L:iIIJ: the CUESTINES then (a0l i berween, 'M.!'l-nr:lg sense ol
these comtradictions s perbaps the hardest challenge for democeacy o the twenty-
fere cemtury Of covrse we need 1o cultivate sciemtihe ltermcy, but fiest we need 1o
ask soane hasic questions abous how the scieres are produced, applicd, and ¢

cherspond,

The sviences of wday create the workds of tomoraow, They show their elloos on
our badws, our conceptions ol sclf, and cur poliey. Yet the sceences contmue m
large part 10 be viewed as a wesource of absolutely cemain, ohjective answers
gleaned from a pure and exact “soientific method ™ This is, coopur i hlunely, werong,
and all the really great (and some not so great’ scientists know it Thev kenoa that
the refarionabup Between creative sclentific mauiry and the requiremems of 2 plu
ralist demwcratic sociery 15 anything but the straightlorward applicatron of sop-
posedly newiral fcas w social problems. They know that today we ane living “after
the Fct,” inow world in which science can no longer be regarded as the oracle of
thee culiueal and material velorms necessary 1o a just society

Ihis world dermands a kind of literacy thar makes sense of the soepces nov i
terms of infinivy and trensvendence, bue of Imitude and Tocatien; pot in enms of
awesamie Lransdations from the real wo the sleal, But of complex conpunenions asl
collusions smong things, words, and deeds; not in terms ol a book of nature dis

covered and decoded by a sanall group ol experts, ot of an ongeang essay writlen

weieh -\.-|:-L|1.|_'r| h:.' many, i a L]‘li."llrlg;_ pEneralive ].I:!'Egll..l.gl:. In shor, we bave to en-
g with the scicnces i the kind of acevities they bave abways been, the onlv Rind
of activities they can be: muddling throsgh

Muadidllinng Thocwgh s Lookabout the sciences inthe lee vweniierts conury and
about the kind of sciences we necd Lor the pwenty-hirst, [ s a book abeut how the
seicnces make sense ol the world and provide sense 1o the world, Thank of Muad-
illmg Th
ject to reumagine and then cnect the sciences as operatons of langoope and
ihowaghe and a3 agempds, erials, fiminad experiments invelving things, ideas, and jus
about cverything in between.

rough as the basic text for a dafferem kind of science literacy project, a pro-

This is also a book abeur politics (net policy) and culiure—akal is, about how
the sciences are made through arduous and diverse politicall processes. This book

1% aboair hoaw the sciences alfect pelitics not only through technological invention
bt by penerating the inmges and metaphors that we apply to every situation and
phenenenon we encounter, and by providing the Bluepnnts we wse to make and
legiimate crucial socal decistonz, The connectinns hetween the sciences and
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democriic pluraliem need 1o be revialized, through both new concepis and in-
novabive social forms.

W use the plural “connections” deliberstely w illusirate that the sceences and
demnoe FOCy IS link U sHl Ty lewvels, Trorm b [:ll'-|il_}' |J.III-.']:|. in "l.'n.-'.l:~||i.ll!.1ln.'rr and
Brussels to the workines of cunesity and tnguiry incach of us, Demscratic sockety
necds F:||:|,|..':|.||:.|'|| and rErtic prtion net |II||5.' i the 1;1i:|!.i|.;|l|-:1|1 ol science, Bur even
mare impartantly i s prodocien. Inthe words of Frangois Jacoh: “An age or a
culture is characterized less by the extent of its knowledge than by the nature of
iher questions i pus foraand.™ Wee want mwee people asking moneand dilferer,
kincls of questions about whats “really” the case, and we wang them in the labor-
perries, inthe feld, inothe Bospital wards, in the classrooms, and cnothe funding
panels.

For this kind of social tnnovation 1o happen, and 1o happen i a way that hebps
proshece goad sctence rather tham heing simply probehinve, people nesd an under-
standing of the sciences that s more complex than conventionzl accounts provide.
Such acceunts ofien Tunge on the image and inesgination of the hero, a “greas sei-
entizt” like Einstein or Mewton. But the notion of greamess making history, and as
the proper bazis for wizing history, is passe. Sull, ihere will be many places in this
hool where we will involie the wards of people trom the high culture of science.
Try diingg s we play a risky dovhle game: vsing their authority and feric statre
not o undemming thar authoriny oF stature bat o call them into question. Where,
precisely, does 1k force of their ideas come from? Was it wrested from aaoure? Did
ik sy fall-blown Troee their minds? O are other things, other processes, and
other people invalved? Indeed, many of the scientists we discuss have olien been
st skilled at calling thear own authenty, as comventionally understood, into
Guesnion Artheir best, the seiences themselves [ borh the l.l.-:lnr'll.il and their own
proscesses of guestivning that world, meeo the picture, the lame ol inguiry. We aso
e recent hstoreal and cultuml explorations of some of the great bgures of scl-
ence—Copernicus, Galiler, Darwin—uo work wward o more complex rendering
of what the soiences sotually are, and why they are olien so suecessiul, as well as
SOTICLIECs ri_-k'_-' and destnactive

Even so, the sciences are far more than whai these neble figures represent. 5o
many Books teday wale thar lecus, purveving the conventional picture of science
as an exalted mode of wondrous discovery, intelleciual adventure, and abstrac
theonizing, undertaben by a chosen beve W chovse toinclude stores about lesser-

known sclentists, with an emphasis on the schenees as practece, an activity deal is
soctally complicated as well as inteliscually complex. Oar stories come not just
Trom the realm of hagh cultwre and theery bat Crom the laboratory, the courtroom,
the toxic waste sie, the popular television prngram

These steries are moere Irequently included, and at greeter length, than the
resuder may be uzed 1o finding in books of this tvpe. We dothis hecanze it is neces-
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sary both to convey the complexity of 1he issues involved, the enormous anount

of detail and ihe subilety and difl:culty of the questions, and 1o provide a bater

gemse of just what kind of remarikable achievernent the sciences in fact represent
We miix the old and the new, jurmping acress tine, -;J!:_u_"ipllr1|.'._~: and culiures, We
range all over the sciemifc teeritory, displaying fragments that dont always assem-
Bl imter anm overall lessom, a moral, 2 sense of COTEUIINY, OF S0me other com
forteng whole, We want these brief, devailed, ot incomplete Tooks into partioular

episodes 10 spark sheprical mrerest and [uether inquire And whale we cerainly

want 1o convinge and persuade, we de ool wam o ovesimplile Above all, we
want to upset faith in, and move 21 beyond, the usual accounts of the sciences.
The Bamiltar steey goes ke this: The “sciemilc method” alwavs stans Trom
stahle, goen facts—aobservations, measurements inthe form of numbers, solated
and purhed substances that are pant of an urchanging, solid reality. Logic then
compels the assemnhling (2 process carefully commolled by existing theary? of
these mndisputable picces of the neal world into a theory which temlly re-pre
sents that world: a perfecy march thar, when done correctly, adimits no doubi, The
theory is cheched by the fact, by the real world, and underwritten by the mgor
ared purity of the sclemific method. Together, hard lact and reliable method pro-
vide the sciences with a enique and powertul ol for sell-correction that elimi.
nates (in the long rund all forms of bias and ervor, yielding u nevtral and abjective
progressive approach to equally nenmral and objective finaf tnuhs, Facr and
method thus answer what we call the “really? questions: Docs this particular
chemesl really cause camcer? Is wielhgenee eally genetic? 15 the physleal wni-
verse really made up ol quarks and leprons, held togenlber by bosons? 1s biodiver-
sity really imporant for the survival of the pland? 1= homosesualiny really mooted

n ]bln.anl-L:};r And 2o ap, These aeswers, arrved at ree Trom the distarbing inlla-

crogs of culiere, society, lamguage, or palitical power, can then be apglicd winh

the utmost ¢

surance in the lrger spheres of society and pohucs. Becawse ol ther
faichiud objeciviy and serupulows nevtralivy the sciences can be a sovial re-
somrce—solving problems of health, hsnger, and commumicanon—precise ly be-
cause they are immune 1w sochal or pelitical inlluences. Their hard-won apparem
newtrality, paradovically, makes the sciences socially powerlul.

So much ot conventional accoums. We can no lenger excuse the errors and
simplifications on which such pepular ales are basad, no longer afford eo have this
view ol the sciences arcubate in the sectal and pobtical realms. The stakes are too
luigh

if there iz a sipgle concept central 1o the errors, simyplificarions, and negative so-
ctal ellevis of this conventional accownt of the sclences. it i purity And segicst this
concepes famety ol lerms—purry, pure, punsts—we will nin our own family of
terms: muddicd, muddled, middled. messy, complex, hylmdized, and many oth-
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crs. W are non particularly fond of such stark oppesiions as purefaeddled, as the
reader will see over the course of this book, but occasionally they come inhandy.
[t is Beter 1o tbank sbout ehe sciences as muddled eather than paee; (e imagine the
honders hevween the scicnces and the woelds of language, cubiue, and politics as
mucdded ratber thar clear and disting ;o Enow scientists zs complex hybnd Hg-
wres vather than rarefied l:l.'n1c.\'. 1o ace the worle of the seienges os ac n:llllpli-:'::l_-:'l.l
irteraction with a messy world, an exchange involving wols, words, things, and
evert imose nebulows entities, rather than a methodical, prisnne encounter between
mimed and natu e,

Char point is nof wo drag the sciences through the muod, nor to disemess the po-
pemtial of sctence for social sefonm, Mothing we wite bere should ehscane the pas-
sion we bave, and the drve that the “great sowentiss” embody, 10 create truly
embracing, challengiyg, and productive encouners with the world. Pursuing the
sciences oan he an amazring enterprise of mgorous thinking and subele puessing,

creative manuiacturing and respectbul listening, exercised will and milicted sur-
prise, B work s even hander play. We need 1he sciences now more than ever,
but we have to have them reimagined and re-formed-—re-formed by attention to
thetr own Ristory, by oven atempes te enact them dilferenaly, and by new provo
cols for quessioning and judging the sciences as they develop.

I thiese times whien, as Avital Roecl] phrages i, “America is being empried of
the desare Lo know,™ anyone wha oritieally questions the sclences nuns the beavy
risk of being labeled “amiscience,” 3 charge leveled as liberally as “anti-American”
opee was, 1 we have toe make such il generalizneens, our prelerence 1s 1o say
ihat we are siply “pro-inguin:” Each ol us is o conumined practitioner ol the cralt
e which we were onginally trained, vet we cross the Tines as well, The physicist
{Bernsivin .'Ii'!l'!r;'l.._'i.l'll:‘\ the sl of seholars imothe felds of science gudies, and
coraiders it at ins besn, oo be just as robust, intelleciually demanding, smponan,
and valid—and puast as fallible and cultwre-fownd—as the sciences. The hiszorian
of sowence respects the work of scienises, knowing the power, creativiry, efficacy,
and begittmacy of the sceences—and their Bovitatwns and socal embeddedness—
through historical, phalosophicel. snd coliural unalvsis, W belicve thar not only is
such a dialogue between these endeavers possible, but thar such collaboration and
hvbrdization can preduce both Beter science and bener scholarship on the sci
ences, as well as mote democranic social PRCCESSES

Expanding on Evelyn Fox Eellers imagery i the opening quote, we angue that
the porswit of both the sciences and of democrscy s best imagined and enacied s
“muddling through.” Few things are more dangerous than unmuddled absolute
it im any answer or method, sciemific or political. When i comes o the sci
ences, there are no simple answers like “just purify them,” “jus add values o
them,” “just keep therm in their place,” “jus get nid of them,” or even “just demnog-
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rovize them.” They can’t be pure, they already have values, they're everywhere, we
con't pet rid of thees even il encupgh ol us were stupid coough te wanl Lo, and de-
o FAlZEng Them s an experiment, nol an answer, We reject these and all simular
IETpICCise, !1:i|.I|-:| Tormulations: thar the sciences disenchan the world: thm Ih;‘:.'
contribite o the Toss of oor souls, that they mechamize and redoce an craame,
Tolistic COSITAS,; thm I||.c'1l. arge 1,'.*.\.,'r:'.|:|.||1l.' a vinlent Wy af |-:r1nwi||-!5 that Ihr.:.' de
stroy comemenity, and soomany more, Very high-minded, and very unbelplul—
which is hardly surprising, since these expresstons of the problem depend an
concepis tha ane just as pure and idealized ouls, wholes, commenitics, and val-
tes) as their counterpans m the sciences which they

A Lo oppose.
Thruughour this Bock we will showe the sy such paired se1s of opeesites recur

botb i and around the scences. Dichatomies such as scencefantscience, me-

chanicalforganic, factfvalue (and countless others) structure the way we do and
think ahour the sciences. While such polar oppositions ate in soms sense in-
escapable, new scientific literacics wall depend on getting tn between them. It is in
the in-between, the muddled maddle, where change happens, winere creanivizy cat
be tound, wiere the new emerges, where abundance dances—where the sciences
dre the sciences

I'he in-between is the place scientists have in {act sought 0w and worked o for
hundreds of years, and which they stll seek today, While eheir own puldlic repre-
senations of their work and the waws in which we hear abourt it in the media em-

phasize the scemingly mirsculoss, wondnows, and powerfully theonotical aspects
of soentihic ipguery, anothier pan of the story that 1= vsually (o et always) suls-
sumed is the trial-and-crnor method: doys, months, and years of what many scion-
fists call “vinkenng ™ —rving (o get g piece of equipment 1oowork properdy,
INCETPRCling reRsy dara, 'w.-\;|1:||:|'.|.Ii.r1:._'| ﬂgh:]l Ironm rakse, ,Jrl:n;ul.l:nn]_'. (3 [ '||'|.l:\||r':. asmd
explanations for new phenomena, Any decent scicntisn knows thar resolts and ex-
planatiens are always open o revision—mndecd, must be reovised if those results
el explanations ane womesn o work for anythung, Answers are always only rem-
porary, one-ell close bt no cigas, They ane guaranteesd 1o make themselves ohao-
Tete b virtue of their own inescapalble insulliciency

The middle i also where uncenainty, nisk, chance, and error can be found, and
where one @ therelon best advised 1w “mudidle through ™ *Muddling threugh” is
by no means & perect principle—how could o be, centered a5 00 s on imperfec-
uon?

The polivcal scientist Charles Lindblom wiote an impoman amicle oy 1952 -
tled *The saence of Muddiing Through” Lindblom was working in a panicular
histerical context i which operations research ond sy=tems theory were becoming
quite powerful in organizational theory and in governmemt policy. These disci-
plines claimed to be comprehiensive and strialy rional, wking every possibilicy
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Lo accound, optimizing mareral ouweomes and masamizing efliciency while min-
imizing social conflict, providing the best solution to differences of values and
goals. Lindhlom called them “roo methods,” and while they were rarely practiced
as [:lt-._'-,:i:c'i} as they sapd 1hey could be, and jus: as .'.'llg:]':. }i;‘|dn._'-.| their intended -
stlts, these oot mwactheds, these tegal sciences were formalized as the best theory to
T et in '|?|11||.':.>i|sll.'|'| schaools and 1o use |"‘1Ii"1." circles,

Torehis Lindblosn opposed the “branch method ™ the “msddiing through™ prac-
sieed mothe real world by adminisieators and policy makers, b bardly ever ac
knowledped a5 svstematic gnd koowledge-based. “Muddling throegh™ worked
with incomplete information, lack ol time and resources for full anatysis of all fac-

perrs anid oo, iereducibie conllicons of values and political cheices, the pressure
of outsde interests, the wmeria of past decsons, and =0 on, Branch methods were
better, in Lindblon's anicularion. because they acknowledged nitude, the neces
sity and value of compriomise, and they admeirted that the fack of a system could -
sell be sestematic 1 its own wav Therr was no sense of hnahty. an analysis
avcoanplshed and ser o motion; vou always hid o g0 back again and agan.
Moreover, even when people clammed to ke doing rorally rational and systemic
analysis, they were gctually muddleng shrough—they kad 1o, given the complexity
of the probleres and systems with which they were dealing. Abstract oot methods
may lave leen the idealized theory, ot muddliong branch methods were the ac-
tual, empirical pracrice.”

Wie angue many of the same points lor the sciences in general. Acknowledging
than thuegs are msddled seems e make i dithoul o ot impossible o eader the
kinds of jud groerus abwout the sciences thar we say our society sorely peeds. Judg-
mig mdelles s dilficubt, as we'll see; s oy impwssible, Sull, there is another
[T TR R :I'!I:1['H'I.'I.,I| '||||,|dd||||;|;IE1n:-|.||5F|:_" whether Bansh or Austro-Hungarian, relied
om the shared assumprions and prejudices ola pemry class wiose education so s
thair thinking that irmprovised and mueddled solutivns—creative as they otherwise
miglt be—wevenheless pesubied in solutions thae preserved cliss privilege, We
have 1o be on thie Jookout ber these kinds of elfects, the way thar the terms and
[ramies of inguiry can sneak backe up and surprise or contradict us

Wi ask the reader to be pasient, to lel cur anument eemenge, in e mauddling
[ashion, over the course of the book. Whale we will return again and again to the
domain of the n-between, 1o the middle zone bawween opposed tenms oF view-
points, to the place of compromise and negotiation, this does not mean thay mud-
dling through amounts simply 10 a destre for a happy medivm, i political or
imellectual terms. Instead, it entails a commitment to the “unbhappy middle.” Far
from being indecisive, noncommital, or Mandly middle-ol-he-road, muddling
through is marked by perseverance: a dogeed pursuit and relentless enactment of
both pointed mguiry CHow do you know that?) and thoughtlulb social and polie-
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ical work (CGiven rthar, legs toy this L ") As a resuly, it does oot imply muddle-
headedness, bat in fact the opposite. Through precise description of the complex
wikes that the work of owr heads, our Besns, and our wngues intersecia in the sci-

ciices, gnd bow these rersections e in wern inexuicably linked 1o everts and

moverments in calture and pelitics, muddling through represents the only inguiry
:=;|_|.'|.|I|_|I4.' ter this monsimos, rJ:'|11|.“}' i,'h.l11!_'|ill!= worlds of Both rangre and FOCICTY
Recognizing s own limss, 0 suggests only actions tha are castbous and responsi-
ble. And if it Iacks wiwavering beliel in tmeless principles, it makes wp for it in

vigilance, inventveness, and demacranic spirit.

How, then, do we us

pitis brook s mudd ling it muddling through, e sieer
through the bountful and trescherus waters of the soences today? Chaper by
chapter, Section 1 introduces and elabomies on four navigational wetics that we
gether define the method of muddhing through, They are not only defininons,
however, they are also responses to some hoary assumptions about the way sci
erce is ehowght abour amd conducted, ramely, char Bt aze found, thar theory and
language mirror the world, and that science is a polivically and cufturally newtral
teral.

First, Faces are not jownd, It made, The scientibe method does not discover
vruth, it produces it Chapler | ihos [ocuses on experimenting il is an this middle
Tevel that the muddle between facts and rheories in 1he sciences is most easily lo-

cated. We aveid unguestioned theeretical abstractions, grownding cur inguircs
ietea] i the realin of boman acnvites, whiere Hesh-amd -blood peopie negotiae
with cranky equiprent, mueky concepis, and an evasive “rauee,” One of the most
impertant stories toeld heee concerns the particular secial Baoctien plaved by Fuos
wnd rhie experine rital i'.-n'-|||.|.|.1!|l|1 of {acts in severeenth-g ey |:|||__'||.|:1.J. thi
vimie andd place in which the sciences st became truly exprenimental. All of the
stories in this chapler help us see how Eets are made, without bring made up. and
T Tacts shoukd always e subject o exiensive inguiry

second, Theory and langaage refract the world, not aofiecnit, Chaper 2 tums 1o ar-
tondating, [oeusing on the arsy of activities tha produce whal ane conventionally
referred 1o as scientific theories, a5 well a5 the broader namatives, world views, andd
interprelations that sepplement their meanings. The netion of anticulating steers
us away from conceprions of theory as murrenings of & werld compesed of auom-
1stic facts, and wward an undersianding ol (many kinds of) theory whose status as
“truth” dipends less on faibiul reflection of o preesistent world, than on the via-
hility, strength, or robusmess of a tangle of connections, or anticulations. We em
Pl ar lease o wsagses of the word “aniculaton”™ One, we argue that pursuing
sciences regLines @ better understanding of how, and where, language worls, 1hat
the sciences invelve a struggie Lo articulate something that bas never been said le-
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loze, an atterapt 1o pur new things imoe new words (and new wards ot new
things). Two, we wse "articelation” w refer to the way the sciences are coupled and
jointed: avast connection of words, things, instrumenis, socil wrends, and fund-
1150 SOLTES These amiculations rexch down inwo the level of experimenting and
the experimental production of B, across (o other articulations from the =ame
or oither fields of r||-.11|:;._"|1'lI and L[ Bt the domain of culiure and s narsaives, amnd
iherr embeddedness in social instiietons. Our challenge is wo demonstrate how
the appeal and elleativeness of the sciences come wot rom thetr mirroring of ma-
suere, b fromn (e densiny and peculior sirengths of these webhed linkages
Which brings us to our response o the thind sssumption: Science s mover neu-
drl, bt atwaivs charged, maving i a field of caltu ral and political forces. The sciences
are ot tsals to bee waeldied Tor good or evil by the powers that be, but mgquiry in-
frastructures composed not only of instements, theores. and bnguage but of
larger instirurions and sheir material and culural resources. Thas, insiead of rein-
torcing the usual distinctions between lmowled ge and power, reason and fomce, we
introduce in Chaprer 3 ohe analyvtic of poweniskaowine, Vsing Galileo and Crarwen
as central examples, we show how the conventional ideals of knowledge and rea-
son unsullied Iy baser considersions of power and resources do indeed require
rethinking. But that docsn't mean simply that might makes nghi. Good science has
always depended on a variety of power sources, and the sciences have always been
an active, charged magrix remarkably sensinve 1o the pushes and palls of seem-
ingly distant ideas, nstiations, people, caliere, and, of course, capital. Gu the
“ehibrees” between the stiences and vhear bistoncal amd social contesas are contin-
gent rather than determined; the affinities among 1he sciences, politcs, and cul-
subile,
delzne, and indirec. o any Case, these conlmgen alhininies me gt real; Iih';.-'

inres are sommelimes coprse ad commanding, bl just as ofien supgle

shape and shade what we know, whar we call ruth, reason, paure, and justice.

If vhe puanty and objectivity of the sciences wene once guarantecd by their free-
dom From the corrupumg infleences of power amd therr Tathliul smicroring of 4 real
world, whar upholds and legiimates a sy=tem built out of expenmenting, articu-
lating aod powering? W the scences are geared less toward faithlul, olyjecuve nep-
nesentations of a primordial reality, and moere toward the produciien of novel
cllects and entitics, new social possibilitics and vaheandeof ideas, docs this mean
shat anything goes? Can we consirtet lacts o theories gooondi
ktical whim? Wi take up such knotty ssues in chapier 4, and suggest that the de-

» perzomal or po-

mandmeg wnd dilfficuli process of fudsing showeld be mstalled near the center of the
complex webs spun through the sciences. We discuss notorious  historical
episodes such as the leginomation of esgenics in Geomany and the Unied States,
and Lysenkoism in the Soviet Union, and equally angled cumment dilemnnas posed

by tomic tors and scientific Traud, to show how everpresent ambaguity and the
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volatibe mix ol the palitical and the scentihc dermand subadle, thoughtbal, ver wlri-
mately risky acts ol judgment, every step ol the way

(s, o Section | we are commuted o muddhng aep: messing with conven-
vional understandings of be sciences, blurring the boundaries between suppos-
edly distimct things like faces and theones, hybridizing categones ke “oaliral”
e “scientihe S n'.'1r|'.['l||.'1i.|'}"i:1-," 1he hgrures ol Famous -,_:l.l:u.t el =-5-lanous) scien
ti=ts aned the variery of forces which they drew upon aed unleashed. Scientisis (i
least the really pood ones) have abwaps been adept at such muddling up. It has
Pecn cracial o their sucoess, even i they weren always sware of i1, and we have
much to feam from it sctentists pweak their mstruments and experimental setups
1 break up current tbwories. They imagine and aniculate new ideas 1o ondee pre-
viowsly disorderly and nonsensical expenmental resulis. They judge, they puess,
they leap logical paps, they combine rigor and sk, they cobble waether money,
vime, people, ideas, and a host of ogher things, Section 1 esplores these unmerhaod
olomcal metheds, confrmung that close iInguiry into the practices of the sciences
can help us understamd the vital rale they have te play i our fursre,

It Section 115 about muddling up, section |l can be thought of as accounts of
muddiing lic gening ones bands diny, monning new experiments, creating new in-
stitutional resonrces, organizng communities. I Section 1 develops one meaning
of “afler the fac"—developing the wols and questions [or living in 2 spacelime
where facts are no longer as siraight as we fiked w think they were—rhen Seciion
Il interprets “after the Tac™ in another way; as the active purseing of the sciences,
chusing alier them, wending them.

Chaprers 3 through 8 detail, vespectively, effonts to clean up the militarys noxic
wasles al Weslover Air Beseive Base in Massachusents, an emengent dliness that has
been dubhed :|::||.|:|I,|.|1:||.' chemical sensitivities (MOS), the aencubuions berweesrn
health and “homan maore” prodoced in b felds of molecular Biokone amd

batechnebogy, and carent work: st the theoretical and expenmental froners of
GAERLUNT mechanics

[hese chapters vary somewhat w voce and tone among themselves and from
the test of the ook, The mixtere of vou-are-there meportage and mone detacleal
accounis fellects our diffening degrecs of direst, personal involvement in the sto-
ries 1oded But all of the accounts detail the criical tensions involved in worls within
ihe sciences and the many ways in which culoure and the sciences both collude
and collide. They show that the potential for pluralized democratic engagement
with techmical problems does exist, as does the urgent need for new ways to think
ahout, and take, responsihility within the sciences.

Aler muddling up and muddiing in, we reitenle some ol the processes,
promizes, and problems of muddhing thi

vin Section 11, an essay on the guid
iy principles and metheds tor the scientibic hteracies we hope (e ancourage.
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Feimagining and reenacting the sciences ina democracy 5 a demsarading project.
W will all have o develop o stomach for contradictions and ambiguity ad fond
wavs 1o dek vet anothet guestion, Beoause every insght we gain will be sccomm-
nied ]1':. 2 cenmain blindness, we will have o kt;n:rl experimeming-—w ih new sub-
¢ habis of thought, new

spances and machines, of oourse, but also with o
|.:|'.1g1],|;._"u-1, [{TSatH |1r;|.r|_iL-|_':‘I amcl 1mew I.'|l".1IIEi1r1:..'| CONMUNLINLIICS

Al el which is a fady divcor imroduction o the content, guestions, and themes
of the baok. Bat pursuing science is never so direct (Bor which we should be grate
Tull, =0 b ws procesd as the sciences procesd in theie modes of inguwiry and -

Sl

tion—hy indirection az well as dincction, by the meander as well as the bechine, by
uncererellable excess comvined with careful delimitation, Ty wial and eeeor .
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PART 1

“ P mﬁfn'ng a ratio naﬂt}: U

I think that the central issue of philosophy and eritical thought sinee the
cighteenthy cenmury has abways been, still s, and will, [ hope, remain the
equestion: whar is this Reason char we tsse? What are s hesroncal effecors?
What are is limies, and whar are its dangers? How can we exist as rational
betngs, fortunately commirted 1o practicing a eationaliey that is
undis rLr[:I.“L'I}' crrss-crossed hy HTTIESIE dangﬂ'{:‘ e should reman as
close to this question as possible, keeping in mind thae it is both eenal
and extremely difficult vo sesolve, I addivion, if it is cxtremely danperous
ter say that Reason is the enemy thar should be clminated, i is just as
i‘frln:.;ﬁ'mm T sy thae amy eritical questioning of this r:|i|nn.1|Llj.' rishs
sending vs into irmtionaling

—Mlichel Fonecanle

T he eltort really 1o see and really 1o represent is no idle business in faee of
the ronistant force that makes for muddlement. The grear thing is indeed chat
the muddled state too is ane of the very sharpest of the realities, thar it
also lus color and form and characrer. ..

—J'iq'nr:y _|.a!m'.-c, IR Madsie K apw
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———— Chapter 1

ExPerimenting

Invisible Lines of Force

The most priminne things in conventional accoums of the soiences are faois, Facis
are supposed to be “brute™: stubbomn, unchangeable features of the word which
aerve a5 the building blocks of science and s theoretical represeniations, That the
word “hrute” 15 usually attached to facts sipnals their primal, even wiolent, nature:
If you ignose the [acts, vou're going to get hur

When something is brue, s heyond-—or bereath—angument. Hence the persis-
tenice in the memory of nuny sciemiss, and in their dizinbes sgaingt antirealists and
sotal constructionises, of sories [k the eighreemb-cerury Englsh aushor and dic-
tionary-maker D Samuel Jolmson Claithluliy reporned by the fehnsen-fact-obseased
Bosweed]y kickimg a stone, thes reluting iealis philosopher Georpe Perkeley: POW!
Brodeeley’ ralling trash, 5o whars the point of fsfening or debating? O the even mone
apecryplial story of Galibeo e Bis Vatican tial, having agreed toorecant Tis be-
liscemitri !q‘.J...'|'||r|5,__l,k_ el 1-Ln.:lrr||:i|1:.;]'||~. foon: CLOMPE And vel it moves! Or [m|:|} when
a socialogisn challengess the maive realism of scentises, the moest Trequest responas
thar a seientist makies i defense: You've a soctal constructionist? Try stepping out of an
airplane; AAAAAITEEEEREE, SWHOMP Almost Before it begins, the argumenm
abways ends with some kamd of thud, The whole thing stans o look bike the comic
boak version of science that it i, 5:}11:1'] wiocs dhegpiag it ol with villains i cone
[rontaions that regpuine only minimal and gooural wexis inballoons,

Mutters of facteor questions of what fts are and dewe demand much more
subcle treatments. Surely there are ways to approach fsas, ask questions abow
them, that fall between these polemical cancatures. To begin wath, you could ask
swhat Facts are supposed o do acconding o conventional philosophy of science.
That &2 what are {acts, ideally? Then you coutd go on o ask how (and why) tacis
have assumed thal role lugtorically, How do people in varous silaaions and inodi
ferent historical perinds go abow deciding what iz oris no 2 fao? [noother words:
wihat ane facts, in lact?
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The most imporian gquestion, however, is wheiher, o parmphease Foucault,
ihis is pealby ihe best place (o start staying close to the guestions of the sciences.

I Bt e vsrL As the tide of this chaprer indicares, the Bearer (bt b no means
|'||.'1f|.'|._'| or essentiald E'Il.ll.l'.' W start is with exprrimenting, which, for the maomem , we
take as the emblematic acvivity of the sciences. Sarting sn inguiny into the scenoes
with a focus on L':-an'r:I:n_'Inirl!.; |1|:1r1'.|.'|,|i.|'|-r|w_.' [l vl in the muddle of 1|“"F-“'.
where people butld, weie, guestion and requestion, Blusder and tiumph, ane sur-
prowsed and deappointed. Expenmenting s o lantastic, puszhing, producisve,
mcasy complex of praciices—ineluding the practice of theorzing. Expenimenting
invalves encounters with a .. . world. (Later in this chapter, we'll introduce wheas
we think is a beter teem—realitty—bu “warld™ will have w do for now) Suchen-
counters are indeed forcelul, but hardly characienzed by slapstuck violence,

Sull, “the [act” exens a gravitatonal ferce that seems o draw all discussions of
the sowences mexorahly wward 11, Conventional views of ihe sciences are all abow
grounding, and Ezcts are the sohd ground on which the butlding process stans.
{Thars why the Foan and the ground, and all thae kicking and stomping aed falling,
keep tuming up in those stories defending realisms honor and vinue.} You have to
srart with the facts, and ey warh the facts, And =0, as much as we would like o
starf this hool: clsewhere, we can'i

Earlier in vhis century, the dieam of those philosophers and scientists associ-
ated with the Vienna Circle and s vanows brands of logical posinviam, was 1ha
the sciences would be Grmly grounded in these brute faces, once one delineated
the strict rades by which lacts could be bl upp inte theory, Facts were (o be the
fundamental building blocks ol the sciences, the only solid foundation on which
b build knowadedpe and sociecly, Despite decades of cokigue, this remains @ widely
e -:;|111_'d and 1\-.|..[|;|:.-' |.||;l:||||1_.'.;'d paeture of sfenee: Sepemests make chservanions of
am uncharging workd, develop hypothieses o the hasis of those chsenvations, sub-

miek these e logical
re-presentation of the world,
Bt all thae e soidkeal a5 vo be daskl, and B wo gerseral and vague. Mo schentist ac-

red empirical testing, o fnally amve ot a mirrening, a lierl

lu'.l'.lg-' wooths that WL, CVERL il l|tc}- wile lestbooks o pupuh: articles thae say l.iw_v
de, It much betser 10 ook at specific matters of [acl in spectlic cases, 1 see what
they de and how they do il We now have amgale evidenos tha the distinction be-
eween what the world is i B, and our theoretical representations of 0,15 a quire
muddled allair indeed. But belore someone stans locking a stone or thumping a
watale, the point of muddling this distincion i cooe deny tarsomething called “the
real world” ar “nature” matters, or that we are free 1o choose between relativized rep

resentations, nome treer than any otber. That also would be b s general and
vage. The histories of the sciences, and their eontinual daily pracrice, are chock-full
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of unexpected encownters, strnge new resulis, and daily conlromation with o mae-
rial world ehat cortimeally surprises and forces inguiry 1o begin again.

For thse thme Being, we'll accep the cosvenuons] conception of [os e the solid
hiasis that assists in the sciemific project of Feprescoling 3 world, Tt podt that Fros
as building bloncks aremt capabile of providing selidivy; they can prosaide aselid ba-
wis for scientific work, bt .'Llu'x}':- as part o i ar lvitegnural sirategy; and alter a ot
of skilled and sometimes nig-soeskilled work. The reconstraction of our represen-
tations of the world is & neverending, anavoidable process. Looking at the inter
play Besween solid Bacrs and shilting strategees of wepresenation alliws s o oask a
dillerent set of questions: What muddied world-representation stnactures ane nev-
crtheless stable—at least vemporanle and ferspecific purpsoses? Wihst makes them
stahle, or unstahle? What will further expennmenming accomplish?

Oar views are close 1o these developed as pant of the pragmatist tradition in
phifesophy, often disnlled down o the "Big Three™ figares of

harles Sanders
Perrce, Willlam Jamics, and John Dewey. That tradstion worked in o middbe space
berween tdeali=m and realism, trvang toavoad 1he simple collapses wowhich phi
lesophy was so prone, evervthing petting reduced to either a subject or an ohject,
a foot or 3 stone. Words Dewey wrode in 1916, te fntroduee his provocarively itled
Essays in Experivtental Logic, could just as well describe anr posiion:

The position taken in these essays is frankly realistic in acknowbedging
i ceriain brute existences, detected or lad barve by chinkang bBar in no
way constinuted cut of thoughn or any mental process, set every problem
for refbection and henee serve 1o st its otherwise merely speculative re
stilts. 1t is simphy insiseed dhat a5 0 maceer of Tace these brove exissences are
equivalent meither to the objective cosatent ol 1he situanons, technslog-
cal or anistic or social, in which thinking criginares, nor o the things ro
b Jewrwm—of the ubjeces of knowledpe.

Wiriting in an cra of rapid industrialization, Dewey and other pragmmises oflen
emmployved metaphors of produchon o make the conceptual distenctons they
1l'.~r'.l~=',|1'l tigortant. Dewey wenl o i i casdy Lo Oompane biule existences W
mineral reck or rw ore " its undisturbed place inonatare” 8 “hue dawm” to
“the metal undergoing extraction from rew ore for the sabe of being woought into
a useluf hing,” and the objecr(s) of knowledge wo the faral “manufoored ohjec”
It 15 g scheme that depends not on twe oppesmg terms (Bctitheory, objecysubject)
bt on ihree terms, with “brute datem” in the middle, berween nature and luman
commerce. Existence, purpose, and knowledge would be another way to express
vhis indissoluble triad. The moest imponant chamcierstic of Deweys kind of G is
thae 1t was made (b not mede wpd 1o continue the producrive process
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Semplistic cherges ol subjectivesm wene i Dewey o “depressing revelaion” of
the traps people were prone to Balling isto when taiking about knovwledpe—idiotic
vraps involving stepping out of sieplnes and soeh. “To stumble on astone need
not be a process of knowledge, to it v with a hamoer, w pour acid on i, 1o pu
prieces ins the cructbile, tosubject thizgs 1o heat amd presseee to see il a similar stone

can he rrl.'|-:||.;I dre PIOCEREs ol .r-;.r1|u.'\'|-:';!:|_'||:'."" The sciences, a3 a form |-|'1I1-;,|1:'i:"|.'., de

peascd on che thind, middle term highfighned Ty Dewey. They also epresen a kind
of third werm thermselves: the seiences are ncither subjective musings dreling in
side ones biead, nor rendiom collisions with a bruwal wirld, hur something in the
miifdle— something than abways involved mgns:

In every case, 1= @ mattes of lixing some given physical existence a= a
sign of some other exastences not prven in the same way 05 15 thar which
serves os a sign. These words ol Ml might well be made the motio of
every logic: “To draw inferences his been said 1o be the great business of
lifie. Everyome has dawly, hourly, and momentary need of ascenaining fcts
which he has not directly observed. . toisthe only cocupation i which
the mind never ceases 1w be engaged.”™ Such being the case, the wmdis-
penszble condition of doing the business well is the careful dezermina-
vieen ol ghe sien-lomee of specifie things i expenence. And this comdaaon
can never he fulilled as long as the thing is presented 1o us, so 10 say, in
bulk.’

What Lellowes i this chagier are some stones i which et Bgure contrally, bug
not in bulk. Foaos are pot something from the bulk bins of raw nature, but the

carefully packaged items neatly deplved on the supermarket shelves of the =<o-
enees, The h'-||1lw'||:|!.; are atories gl facte, less in the sense ol iy dizect defin-
iviores G this eerm, and moee iothe sense of trving w show what goes on about amd
arovindl Lacrs. Thiey should iliwstrate bow: if you consider facts not as inert things
et as a “sign-Toree,” your Gind yoursell po just bumping e them, b being
pushed or pulled mocertain dircctions. Dike one magnet approachong another, ap-
proaching the tepa of Lt con invalve overwhelimimg attraction or repulsion, sud-
den reversals of polarity which tm things upside down o nstde oot and the
seeminghy magical ordering of randem Blings from 2 (ar-dunge wermtery inw pa
arns showing the invisible lines of foree,

Getting Centered

The Copernican Bevolution s the paradigmanie example of a saenuhc revolution,
when the ofd wayvs of seeing, lnowing, and doing things warch the natural sworlid
sirddendy-—or ot s suddenly, as the case may be—change into new pereeptions,
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concepaioms, and activities. The Copernican Beveluiion, the story goes, estab-
lished one of the most basic, entrenched, and universally accepicd facis thai has
hecome practicafly atestof santy: Evervone knows than the eanh goes around the
ST ".'-.lu.'.'] Ieave o be ceazy, or |:1l:lj.|:n.' juast a ,:.kt'|eti.'.|:_~l|| infected ]h\:.l,!l'lﬂl.ll.'rli axcial
constructionist, o fhink otherwise.

e B evenl imore narks Europel cmerpenes from the Dark Apes, when we
are im effect wold tha velyzron enforced insanivg, s worthwhile Tooking closely m
who Copermeus was what be did and didet do, and how exactly he did i

Lets quickhy ger some standard masconceptions our of the way—misoongep-
tions that nevertheless carry a [ut of werght within scientihe communittes and the
general public woday, Alter a lov of work by a lon of histerians and philosephers,
dedecated vo describing how and whey thes sciennfic revolation tuened out the way
it did, there 15 lintle doubt thar:

1. Copernicust helioventric system was ot simpler than the carth-cen-
tered, geodentnc system inhented from Plolemy; it was full of barogque
mechaniama, some of which were more contrived and complicnred thar
Prolemy, (Techmaally, 1 wasnt even heliocenric—Copernious had 1o
prtt the center ol the universe alan abstnet point sear the center of the
sun. b

For 2 long time, the Copenzican system was no bener at predicting asten

I

peinical evemis than the Prolamaic.

Copernicus didat build his systen up anducively from the “Taces” of oh-
servation; as Johannes Kepler would pont oue 2 b later, beth
Copernican and Molemaic systems ag times conteadicied observations

(which were ot altogether velielile o Begin with).

The Frolenuic system was not fulsifiad, e, demonstrated 1o be wrong,
while the Copernican theary continually beld up under tnal * Here
things become a bit more complicated, but it secms clear that even if
such disprool is considered essential, that kind of falsificatton didnt
really ocour unind the carly nineteenth century {wath the introduchion of

s

stellar parallay observations in 1B3RL In which case vou hove o very
fomg, amd very muddy, revolution—not to mention a Lo of explaining to
o s toowhy all of the prean sciemtists unil then were woally, ratonally”
commmatted to behiocentrism,’

These critenia of smaphony, mereased capacity lor prediction, relianee on n-
duction rather than metaphysical hypotheses, and withstanding tesis 1w prove i
laize, were for much of the twentieth century thought to be the hallmarke of rano-

nal progress in saentlic theories. Litle wonder, then, that when hstorians and
phitosophers showed that Copernicus and his heliocenine system didnt exhabin
these cheracienistics, Thomas Kuhn would wiale in [9%9 than “1o sstronomens the
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initial choice between Coperntcuss systent and Prolemsy’s could |r|'|1_‘:,' b a meagrer of
iasie, and matiers of taste are the most ditficult of all o debine or debate.”

Bt visin pewdnt be o 2ealows soence punss o feel that this phease “maner of
asic” could use a limbe more precision oF spec I.Fil.i'l':.. Simce Kuhn, historians and
phitesophers of science have become more adept o defining ard debatmg what
“rmatters of tasee” are and bowet |1-::}' OPCTEE And by h;.-l-.m!.; an aone ol their '-'\.'llrLi.l
we can betier understand bow thase maniers of taste meld with matiers of Faci,

IFs rot that Copermican schodars have stopiped loaking at what hestonans of s

erice semetimes call the “inernal™ complesities and achisvements of sixecnh-
century astronomy. (Panticulady inothe 19605 and 19705, histonans of science
themaghe i was their joby o distinewsh between imernal™ Brerors [mathemtics,
loge, e, —ihe “real saff] that pushed the sowences w progress, and the “exter-
nal” facrors |cultural Beliels, social institutions, e which could only hoid =i
ence hack ot dizton it Mow many of them knoaw thar the most interesting things
happen in between these categories.} The conventionally saientthe pant ol Coper
micanism s 0l a saluare and inexhanssibde wpic, and yow can find hbrary shelves
packed with volumes of armicles crammed with detailed accounts of Copernicuss
obszrvational daa, intncate geomenmic demonsications, avd other rechrical lssues
considered inermal to the sclences, and exchusively constitutive of them. This as-
pect of the Copernican achievenent remaing compelling to histodans and as-
tronomers alike

Bt ot quite compelling enough. Wy and kow the Copernican Revolution hap-
prersnd, and whiv  bappened soslowly as e make “revelmion” & misnomsr, wenais
nagging questions for many. Simple stovies have an easy appeal—and the siory, "the
revedution happened beciuse Copernictes got the facts right 7 i as simple as (hey
come. Bur 1o really understand such a ]1:r\-:zf-.1||r||,| acieniibie and culiueal L'iI:I.rIJ:I' Q=
uines mwane Than stremtion wo the fenoe of logic and faciwasl evidence alone.
iy -

[ birginy complicating this story, we condd ask whether Copermicus roa
Tieved thxa the sun was at {or sear) the center of the universe, or just thought tha
thiz was a convervent and satsfying maodel. Moreover, whatever Copermicus neally
believed in the prvacy of kis own brain, how did bis book fmsect readers, Uien
and now, 10 think about his system?

Copernicus® Do revefationthus was prelaced by o lewer frem his edivor, Andeas
Csiangler, a lener that he hpnu.:ml four hundred yvears of controversy and much
il wall tovward editors o general. Osiander has been called evervibung fron steped
e wnethical, feom an ehstructonist and obesguicus theologian amd an enemy of
science 1o @ daring religious and sciemific heretie. What has heen ar issue is the

view which fie pur an the Tront of Copernicuss book, that it s guite clear that the
cause of the apparent unequal mations are completely and stmply unbaown o
thiz ant Jastronemy]. And if any causes are devised by the imagination, as indeead
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very many are, they are not put forward o comvinee anyone that they are teue, bu
mercly to provide a correct basis for calealations.” The inscriion was anonymoeus,
and thes ambiguous o readers

Did Copermicus himsell subscrilse 1o such a view, thar his SYSIC was just a her-

ey madel for “saving the appearances” and possibly improving the calendar, b
did not describae Lo the universe 11_':||11_\.' wing gonstracted? Almaost |_|.'r1:|i|||'3.-' ol
Tt such o view—shai philesophy (and natarl philesophy could provide plansi-
ble, probable explanatory madels but never the ultimare truth of Gods causal
mgchaniams—uwts nod wrnsuzl in ellber astronomy or philosophy mene generally
in this perod. (This conceprual mage of a nature which exceeds our capacity to
represent i perfecely s ome which will come up a number of Gmes in e following
pages, and wie will be saking i guite senoosly later ) Most schodars agree that in ad-
dition vo musrepresenting Copernicuss actual convictions, Osiander’s anonrymaous
introdisctory leter served a strateime soctal Function: i gave some protection to
Copermicuss work mm a time of profound religious and polincal upheaal. 1 this
appareniby anonymots intreduction ad e been tneluded, 200 thar was genainely
new and useful in Copemicuss boek might have been almost envirely overlooked
or wneecharely disnvissed as simple heresy, The dissernbling Introducnion an feast
loresialled and amelioraied tha: fare.

Al i fact, for decades aller its publicaen, most astronomers and other sehol-
ars weed De rpvalptionibas for prirrily the repson Osiander suggested; 1o moke
better calowlmions, The astronomer Practerius wsed it to improve the Pefenaic,
carth-ventered system, and did so quae ellecavely, The Danish nobleman-
astronomer Tvcho Brahe emploved it similady, devising o hybaid system which
made excellent predictions, i which the eanth remained motionless ot the center
of the upiverse whene it had :!|w:|:.-.\. hﬁ,‘ﬁ. with the sun g arovnd i1, while all
ihe planets wheeted around the sun.*

While not exoctly in the Middle Ages, Copernicus s pevertheless best thought
of as “in e middle™—the middle Borween the Midkile Ages and moderning Hism-
tachment to the crrele a5 the most virtsoos of the geometnc lorms, a heavy hang-
ever Trom the anclem Greeks, made him clieg to lareque mechanizms like the
orhit-on-orbir epicycle, the deferent, and the ecoentnc, and even more baroque
combinmtions of these. Such devices mude his system seem physically almund to
contemperanies not enly i the Vinican, b in the soentfic commumy as well
He held on ughily 1o the ides of erystalbine heavenly spheres. He worked with old
beliels, skerchy data, and “irrational™ commitments 10 both old and new disci-
plines of knowledae—and he did grear worlz.

We will come back 1o Copernicus amd his muddled position ina laer chapler.
For new, we anly wanted o show the dependence of a face an a larger framesworde.
Tor say: “Ivs a munter of fact that the canh goes around the sun,” acually excludes
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the srucial parenthetical remaric: ~(Within the Copernican system ol caleulation,
obzervation, and itheonzation) its a maticr of {act 1bwt the canh goes around the
surs,” This fact is no longer a face within the modern theary of General Kelaiviny,
which sllows s 1o specify any rame of seference for cemtering our facoual mea-
surements: earth, sun, center of the galaxy, or any arbitrary poent inespace. Within
vhe currenmt Einsteingn SyEICTIE of General Rl.'l.l[i'.'il_'_r_ ik a rmatrer of faet that the
movemenis of eanh and sun comespend o the corvatnres of a four-dimensional
constmuct calted spacetime

Mevertheless, there are siable relationships bevween the movernems and ob-
served positions of the plonete, the sun, and surmunding stars—a “brute exzs-
tence” of, i another of Deweys terms, “omginal res of experence.” Bur those
relationshups aren't o all meamngful or purposelul, and thus e Dewey—and for
us—do not make a fact. They still must be refined into a “sign-force,” which is
what the Prolemaic, Copemnican, Fechoan, or Finsteinian svstem does, Within any
of those systems, what was a jumbbe of observations and relavonships gets pack
aped mro a “wseful B ™ With ir, vou can haeld a Global Tositoning System of

sacellites as an aid to navigation—a thoroughly Prolemaic rechnology: You can pre
dict the appearances and even the impacts of comers—abe latrer on other planets
likee Jupiter, we hope, Usetul, reliable, even “mechanicnl” relarionships and iner-
actions? Delinitely. Universal 1ruth? An unnecessary and immodest, albeit reassur-
ing, metaphysical chuim

Thius, iromically, the people and cormpueters in the MASA contral reoms worked
swithinn ant earth-cemered Techoan system wo launch inhatutams of the twentelh
century e the moon, the first of the heavenly spheres, You could see his briefly in
i

view of the J,'Jri]l-.'h-l.'u.L'u'I::l[J.-lg._l,-l.'l._'ll.Ic:r-;!-lJhr--\'.'-.\.rrl.w- flashed |:r'||.'f!':.- acrids The

ihe Bl mowvie Agedlo 13, where the nssoncally obsolete Bal pragmatacally elfics

soreen, Bur such muddling within an ootmeded theoretical framsewaork was Targely
behind the scenes, while the main narrative centered on a dilferent brand of md-
dlimg throveh, The carth-Bownd engineers and space-cast astronuns wgether did
some guick-ared-diry cabealanons, and ha=ily ngged together companents in-
wended [or other jobs imo an sic pariber thar would geo them home again. Such

“Rludge johs” (see Chapter 23, whether cosmaological or air-cleaning systems, can

be remarkably clective, lexible, and henne, even in the lace of disaster.

Maerging Beliefs and Facts to Make Experimental Science

fon mig s, sven a corpus of alchemical ivestigations and writings tha
You mught thunk that, siven a corpas of alchemical investigations and writings if

was far more extensive than s famous work in maieral philosophy and mathe
matics, we would present lsiae Newton as a study in muddiing contradiclions.
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Instend, we ke a briel [ook ar the lesser-known bur nevenheless impoenang figure
ol Robert Bovle. Dovles worls s natural
anachronistically reler o s “chemisiry,” the less glamorous status of whvich migh
AT SOTTIE Wy l;-.!w:ir.'] Rk

Hosephy wis of the kind we would now

i why fewer people would recognize his name than
wonld recopnize Newton's. (Bovles Law states that the volume of a gas increases
||ul|1:'~r1i|11ur|.'l}' aF 15 pressure decremses at consaant tempreratire Wast slten writ
ien s pant of the “ygas law” pV = aRT, o descnbes the cehiable relationship between
the pressure (p), volume (V) and remperature (T) of a specifie amaunt (n moles
of s ) But Bowle, as one of the key Rgures inehe founding of experimental scienge

and of one of the earliest sciemtific institations, Englands Boyal Society, deseres at
least as much attenzion as Newton,

With Leviarhon and the Ar-Pump; Habbes, Bovle, and the Expenimental Life, the
histesrans ol science Steven Shapin and Stmon Schalier have produced one of the
most empirically and themancally nich and suppestive works on the ongins of
modern expenmental scence in sevemeenth-century Enpland. We can consider
all of their themes here i the dewil they deserveehow science was bath enter
uining spectacle as well as an engine for tacts; how experiments had ro be publicly
witnessed, and how new literary devices and genres [or such witnessing wene in-
suituted {ond still operate powerfully today ) how the labormtory became a separate
and privileged social space; how the problem of replication hauned all enace-
ments of experintent; and many others. What we focus on here 5 their explication
of how [acts became centrally important to science, and how objeativity and truth
cante W be defined an terme of these facts,

Umil the middle of the sevemeemb century, “knowledpe™ and “science™ wene
kept markedly distinct Trom matters of "opinien” The Toomer adbered to the al-
soliere certanty of “demonsireive scienges” like |-.1_L1:||._ amd Beomelry, Narural
philosophers—whom i wouldn Be ternibly weong o think of as physical scien-
tists—emulared thes

demnonstranve sciences, and o produced “the kind of cer-
iy tha compelled absolute essent.” Bug over the second half of the cempury,
eapermmentalists [tk Hobert Boyle and athers associated with the newly estab-

Lished Roval Society came Lo redefine out expectalions of science in terms of whst
was probably (that micdling, grav area between knowledae and opinien? 1the oase
abrowt maure. “Thysical bypotheses were provisional and revisable; assent w them
was not ehlgatory, as ibwas o mahensitical demensianions, and physical sclence
was, Lo varyving degrees, removed brom the realm of the demonstrative. The prob-
abifistic conception of physical knowledge was not reganded by its proponents s
a regrettahle retreat from more ambitiows goals; it was celebrated as a wase rejec-
viom of a failed project. By the adoption of a probabilistic view of knowledge one
could avain 10 an eppropriaie cestaimty and aim to secuse legifinnite assent to
knowledpe claims.”
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Ir was the “rvter of fact™ thar would undergied chis new project of probable hy-
pothescs, hecause the fact was wha could provide the greatest degree of assur-
ance, of mor] cemainty ke Copermioas—oar wl least lie Copermicuss
|'|||.'|':|.1.1_' writer and, a5 we'll see in a laer I.E1.|;|Il.::|'_ like Calileo E-.l:.']l.' and the

English experimentalists belioved thar God could produce stimilar effecs through
® \':lri:'l\l.' ol e hanisms.,

Flosw 1o ged 1oa “meanter of feet” then? Acconding o Bovle, by aggregasing mdi-
vidual belichs, Here is an interesting muddle a1 the oniging of experimental sclence:
Solid, foundational matters of lact had chemselves wo be founded on the somewhs
shakder mutter of beliel, To be mone precese: The beliels to be aggregated mro facts
wontld be thess ol individuals who could betrusied, whese eves bad been properly
vraned, and who would report Baithiully on what they witnessed—an a wonl, gen-
tlemen. Experimental soience would hove to be a noble pursuir.

(We're simplifying a bt here, and alse excluding much imeresiing derail, One
ctfeat of the “gentlemen” argument at the time was o exclude those people, n-
cluding woemen, assecipted wih alchemy and eiber radmions of knowledge,
keeping them gut of the historical process ot debinmg whar the sciences would be-
comme, And things would ger even more complicated later, as experimenal science
came to be celehrated as the best rovte out of the lower or middle ¢lasses, and inta
the more redined stratz of society)

Shapin and Schalter point to whar they call three “echnologies” thar allowed
Towte ard others 1o produce maters of fact: a naterial echnolegy of experimenta-
gk, inabns cose the aar-panmp o erany techmology tha masde “vinual wiinessing”
possible for o wider cammunity thar couldn’t be squeezed inwe the Roval Socieiys
demonsinition chambers [or every mecting, amd @ social echnology that estal-
Teshied eermain comventions lor how th[u'riuu:nulixh shomald deal with each other

and with each others knowledge-clainms. Each of these duee technologivs, ar

knowdedge-producing weels, “embedded the others,” and none could be sod 1o be
more fundamental chan the others, The material echoology of the air-pump re-
quared specifte socal orgamzations, soch as the distincnon between common me-
chanics, technicions, and demonstrators, and the gemlemen scientists, os well as
the creatton of a privileged laborstory space set apart from the rest of the workd
{social organizations which remain operative today ). The literary wechnelogy ol
the new scientific pepore extelled the value of those social arangements, embaod-
sed i its thetoric the new social values of modesty and probabilism, and opened
the new experimental lindings to wider questioning or aflirmaon. Indeed, ron-
ning the machine of the literary technology—i.e., rending-—was in some scnse
cquivilent o actually running the machinery of the experiment.

Ihe air-pump, 25 histonan of science A. Bupen Hall has put it, was “the op-

ckimron of the age.” Relatively few of them existed, as they required the patronage
aof a stue, rovalty, or @lise scientific sociely to be huile. They were cranky, prone in
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malluncrion and requiniag constam tnkering and maintenance, Thits work was
nob always preity and, as with all ithe sciences today, depended on a lot of cralt
krowledge and unseen, uncredued technicians, Although Bovle wamed a langer
air-pumy than the thiny-quan ene be used, he reponed tha bis nameless “plass-
men” were al the liots of theie abilities. As sealants amd fubncanss, Boyle had
TGOS {which be did mim J]W:l'_:',-i werite dowryd thar ineleded =sallad |.:\.lgl nil,”
“miehied puch, sosing and wood-ashes” and Tor fixing small cracks, linen spread
with a mixture of quicklime, cheese serapings, and water ground o oa paste “ta
Tave @ siromg and stinking smell.”

The ceniral problem against which all this effort was directed was the comro-
versial Torrcellian phenomenon, Fiest perfommed in 1644, the phenomenon oc-
curs when you take o long glass ube, closed arone end, and place o s o of
mercury. The tube Blls conypletely with mercuery, snd is then inverted so the open
enid remaing in the tuh and the closed end is a0 the top. Yot then see that the mer-
cury e lomget bills the tube, but leaves the top emmpry-—-or looking empty, anvway.
We call it a haromerer todday, and regand 1t 3 2 good measure of air pressure. For
the sevenieenth century, it might in retrospect be called a scandalometer, becanse
it was a good measure of the scandalous variery of dectrines and opinions abou
what actually was, or what possably could be, in ihat seerningly empty space at the
tos ol the wwbe Torieelli, Pascal, Roberval, amd Descaries were just a few of the
natural philosophers whe weighed in on this controversy, The empay space o the
1w ol the tube conldnt be BSolaed from ether social and philosephical contnver-
sies, what wias or wisn'tal the 1wp of the wube wis o gueston inesincably bagnd
up with disturbing dilferences berween conservative Scholastics and radical em-
piriists, and even mare disturbing associatons among The concepts of “subile
warter” and 1-[:-|rii Cand the praciices of wireheralr, In was g !-\.l_'l:rI::IIrIF]:.-' LMY S
hat sparked a seemingly endless series of werghty disputes

Heres where Boyle thought his materal-literary-social technology of experi-
menial seience could show s gremest value: it could swop, oran e sidesiep, all
these endiess viuperatve arguments that were so easily jomed with religrous, na-
tionel, and poltical differences, and restrict thee discussion {and theselore whn
woathd count as real knowiedge? o matters of fact. In terms that we'll elaborare
muore on in Chapter 20 where others cominually erticfatcd the phenomenon an the
o of the mercury column with ather phalosophical and religions beliefs or aric-
ulations, Boyle sought to disartsculate or disentangfe questions and statements

about meture from religious or politics] ones, and rearticulate these statements
within the new matersal-lirerary-social technology of expenmental science. Thus,
in his writing Boyle decided 10 “sprak so doulingly, and use so olien, perbaps, it
seems, it s not improbable, and such sther expressions, as argue a diffidence of the
truth of the opiniens incline to, and that Tshould be soshy ot laving down prin-
oiples, and sometimes of =omuch as venureg at explicarions.™ That decision led
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1o an exrrensely powerful and persistent “literary technology™ the often steained
rhetoric of this contrived modesty (as well 28 what Boyle called his *prolixiy™) still
choracterizes solentilie papers today,

This modesty was not o disadvantage or deferral, bur an assa, T there or fant

shere a vacuum—whose side ane you on Boyle wonld adrogtly sadestep “soniee a
cwestiony” and would not “dare tooalae LLICEEY T ey deterrine so ditheuln a contm
versy.” Dioing soowould "make the congroversy alsour a vacuwm rather @ meaphys-
eal, than a physiologieat question; which therefore we shall no longer debae
here, .7 As Shapin and Schafler commieni:

The signihcance of this move must be stressed. Boyle was not “a vacuis”
nor did he undenake bis New Experiments to prove a vacuum, Meither
wgs P i plenian,” and he maobilized powerful arouments against the me-
chanical and nommechanica] prineiples adduced by those who mats-
tained that a vacuum was impossible. What he was endeavoring o create
wirs 2 natural philosophical discourse o which such guestions were o
admissthle. The air-pump could aon decide whether or not a “metaphys-
:n_-.'ll' Vi L L,'.\GI'_".I\'I.I |.1':|{ s Rl t.iilllﬂﬁ ."-| ‘.Ell.' r‘ll.tl:il.r:l_ Ir!:'.ll,_'.'lal [T HES
one of its strengthe Experimental practices wene to mle out of coun
those problems that beesd dispate and divistvencss among philosophers,
and they were to substibuie these guestions that could generate maticrs of
fact upon which philosoplers might agree.”

Unhie vhe alehemests, the experimentalists posctioed therr teule in publac,
the assembly room ol the Royal Society (although cnitics like Thomas Hobbes
countem] that e exclusive Boval Society hardly coumted as “public™). There the
CRPCTIMENTS were swarressa] and, in I'""E"-”"?"'-"" drawn [rom the |:..'|_::|| witld, the re-
sulis were judped by many observers of the erial. (We Tl return o the inescapable in-
cxactigss of judging in the setences im Chaprer 4.1 But Boyle, perhaps o maximize
thee mwmiber of people whie could be recruited wothe new experimentalise ways,
showed o more inclusive stitude wowand alchemy and the alchemists than did
somne of his contemporaties, such as laae Newton, Newton believed tha alchemy
and the new science shoukd be ke as distinen practices and forms of krowiedge,
and so engaged in both while keeping his extensive alchemical pursuits secreL
Mewtor criticized Boyle for simply publishing wark that dealt {albein crinically)
with the alchemical tradinon. Worling his new separation between matters of bact
and the language of itheory, Boyles sen ol social conventions amcorporated some (al-
though not enormowes} tolerance tor social difterence: “Let his opinions be never so
[alse, his experiments being troe, [ am not obliged w believe the former, and am
left at libeny 1o henefit myself by the latter.”™ Taken seriously, thats not only a
laudable siocial convention for the sciences, but a produciive one as well. s an ex-
cellent legacy from this period which needs 10 he better preserved
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Poyles sociotec hical innovation i easy o “nawralize”: experimental practices
wiere simply better al producing a better kind of knowledge, as subsequent history
has shown, But as we'll see. just whar "Better” meant ot that e, i thar gocnl
COmiExy, wis ]1L1IE} debared, Thats where the work al the new “social 1ec ||||||-|I.|J_'}'-|
was important, since it redefined conventions of proper discourse and what woalid
CLILELL a5 I'i.fll".‘l'lll.!!._"l.' ]"ulr:.'lq' :Jr:;l:l.l.'l.: for amd established new social conventions con
cerning how knowledge wes or was not tobe prroduced: dispunes were ta e aboun
findings and no about the chareter of the mvestigator; ad hominem attacks were
oul. Tndeed, the stanas of the individual investigmer or philosopher, so prone w

dogmatism or “enthusiasm,” was supposed 1o shrnk in companson o the com-

munal endeaver. And the community was ehlized non we believe in cach others
opmen, but only o assent to what they helieved they saw in namre, appanent
through the matters of fact produced by experiment,

Again, these are in many ways admirahle ideals: public wimmessing, the neces-
sity of judmng, and an agreement to at least defer social, pelitical, and phtlosophi-
cal defferences—tir leave them aside and read only the nataral world s 10 was
presented through experiments. They can, with some cleaning up and rearricula
tiom, be salvaped as goals which the sciences can and should parsue wday.

Bt howe was such a consensus, based ondy on witnessing, possible! Mamre it-
self might be the basis for brote maatters of fact, bt did that esean that it could
serve 25 the basis of knoewledge? Whar makes some heliels more belisvable than
wthers! And just what dees “judging” involve?

Richard Feynman’s Half-Assed Atoms

Adrer all thar ancien: 'i!'\.ril!}'_ il |r|.|:._',|'|l b nice wis sheft TepErers o -,nrl:lu'l:hlr:p and

sormeee @ lintle more recent, a linde more Bamiliar, amd perhaps a linde stranger a

the samee time
Richard Fe

ey s sutrely one of the twentieth conunys st fumous physi-

crgs, and rghtly so. From his connbutions to the Manhattan Progea temploying

the ancient abacus [or caleulations of nuclear physics) w his work on the com-
missien investigating the space shuttle Challenger disaster frunning a tabletop
cxperirmenl with jce water ond O-ring in o congressionat heoring room?, he bas
waorked uncenventienally yet praductively on science i the most puahlic
spheres. His mvention of “Feynman diagrams" was encrmously important to the
theory amd practice of particle physics. He wrote thoughilul and deservedty in-
lluemeat physics texthocks, and was also adept in the more popular vein of the
Surely You'se Jokemg, Mr Fovaman!, snt-physice-amazing-and-beautifuleven-if -
it-is-a-hit-srange penve. Theres no gquestion that i this culiure he rates 15 a

Crenius, the word that science writer James Gleick picked tor the utle ot his
Feynman biography
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Bur when Feynman was no so concerned with oving up his owwm |;'|1|nk1r|._g and
the wonders of physics into tidy publishable packages, did e see the world any
differentiv? Dnd B think shoun hes own thinking in phvsics as somethisg that was
cven stramger than his books represemed—stranger because less scoessible, more
iddled?

Ttervicwed by the '|1|11I.'.,~i."i:.-'| ard hisporian of science Silvan S ".';i.'ll“.l.'!h.'tl

Fevnman tried (o anionlae how be worked and thought through visealizacion

Readsng this, we get some issight ino how Feyrman might bave actually experi-

enced the raw, brote world of things:

I eanned explain what goes onin my mind cleatly Because 1 am satvely
confusing it and T eannot imgrospect and Knew whats happening. Bul vi-
sualizanion in sonee forme ar ather is a vival pare of my thinking and i isn'
necessary | makee a dinpram like that. The dizgrom ts really, inoa cenain
sense, the pictiere that comes rom ieyvimg we cladly visuelizaion, which is
a hallassed kind of vague [sic], msed with symbaols, 105 very diffrculr o
explain, hecanse ir s nom clear. My atom, for example, when [ think ol an
electron spin in an atom, § see an atem and | see o vector and « W psi]
wiiitert semewhere, sartof, or mixed wirh it somchos, and an amplinade
Alb mmased up with s s wmpossible e diflerentane the symbiels froem the
thing; but it is very viswal, It is hard o believe it, bur | see these things no

as malhematical CXPICSSI0NS bt 2 muistoee of matkematica CXPTCSSION
wrspped ine ard around, inoa vagoee way aroumd the objeer, - What 1
really am teving we do is w bring bink and clary, which is ceally a half-
asgedly thought out pictonal sermi-vision thimg. OF?

Mo vosu magl sy thar we shouldnt ke suech statemerns very seriously:
theyre witered moan inerview, where the spesker doesn have time 1o think cane-
[ully. or come up with the mght words, lew alone better symeax or grammar. But s
aotwally mon far i sping from whist Feyiunan might e writen in one of his
bovks. Feynmeans brillance i physics = wnguestionsd. Bue you could alsa say
that when asked where thiar brilliance stems Trom, or whsl goes into it, Fevnman
finds exactly the right words—a language of perststent muddling. He really can’
“explain. . . clearly” be wally i “actively conlusing” his thought process, he really
dies rely ona “half-assed kind ol vague™ thing clumsily called visualization, before
he sets down a deagram or equation on paper.

When Feynman s doing the work ihat made hon lumovs, when hes doing
physice, he is worling with a world that 1= 2 mixiere, a concatenation of mathe

matical symbols wrillen over, or i, of smewhere areund-—smnehonw—an
like an atom. It is mpossible to dudferentinte these things, extract the symbols from
the things-in-themseelves. Feynmans brun s capable ol it, and neither are ours
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or anyone else’s, s hand 1o beliove, baciese it o goes apainst our [amiliar way of
thinking. You couldnt have asked Pevnman, “ls eleciron spin really a fact? " be-
sin” were onl of your mowh, he'd already
lave had some “half-assed™ buw nevertheless quite I,'I..:f\".l.'l{hi vision of a pai-lunc-

couse a5 2oon o the words “elecin

gion anal afl the anendant mathematics, together wirh an ameswdie angular maoe-
menin vectorn Clecrmon apie, o1 the Taer than electeonms have ity docsnt exiar
Comesning, in b rood sense of "exia,” 1 docsmn stad oud witkout the supporting
tathematics wrapped, vaguely around it Dont think of eleerran spin as a brate
existence; think ol it as 2 *sign-Torce. ™ Theres rot Aestan atom, and then some idea
of spin, and then the formulas for that spin-state: it all st once, and its not Just in

& totaily belor,
within, and constiuiive of sayng that electron spin s “real.” He s—we arc—it

Fevouman® head, s oul here, loose in the world, And e

is——olf and running, pushing and pullng, exerting peculiar sign-forces. The fact is
always after the fac

Sovt o,

KT

Charged Eleetron, Committed Physicist
Electron spin is one of those weind gquantuns progerties, vou might argue, but wha
abweur the charge of the electron? Surely there's nonhing hall-assed abour thar reli-
ably charged electoons rn throwgh the compuiees that (this manuscript was cre-
atesd on, powered the prmting presses amd other machines than produced (bas
bouok, generated the light by which you're now veading it=—-and even helped 1o nee-
diate the reural processes by which yow gave some meaning Lo the preceding pare-
j;r:]lb]l

Another kistorical episode shows how a focus on experimenting can compli-
cole even sométhing as reliable as electron chagge. It also starts o suggest bow an
cinphasis on mucadling actnadly Torces ws to pew kinds of precision—botly practi-
catly and conceptually, and in the pursuies of zoence and history. Eventually, we'll
Ot T well-scrutinized 1.-|.u"|:‘\-\.5L|L':\ (bt dlilferent pr:r:'.ul:u i e hul-_‘r}' al
soience, and two dilferent discplines. One story is about the Nabel prize—winning
Amcrican physicist Robent Millikans expenimental establishment of the funda-
mental charge of the elecuron early imthis ceniury, and how thar became a [acr via
what coutd be termed, ungenerously, as ludging the data. Thats the story wld
here. The second story is a more recent controversy, amd cemers on the moelecular
hiclogist (and Nehel laureate) David Balimore® involvement in a series of im-
munolegical expernments, which iz elaborated in Chapter 4. Goth cases invalve the
proper care and handlimg of “the facts;” bath show how ambiguity presems oppor-
tunities 2= well as dangers, elicits and demands creativity even as it allows for seli-
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deceprion or fraud. In the end, preciston and ambiguite end up in an aneasy oo
existence, requiring a series of judgments,

Millikans oal-deop experiment & fmows witbin both science and the hisory of
scicnee, 4 fmme secured in part Ty the ang

Y518 |:lr!.'|'l.'!|.||,'l.| | W 1hr| wsicisg wred histee-
ran of physics Genald Hofion* High-scheol siudents now oy o0 replicate
Whliabeank eflons in their |:-||_-!".i|. a classes, What Ihl;'} learn i bt even with much
Better equiprment than Millikan ad, and even knewing how the expenment is
supposed 1o ture oul (el the data are supposed W look Bkl o remang o mad
denimgly quirky, delicae, and difficuls 1ask.

[he guestion facing Millikan and others in the opening decades of this century
was whether the newest fundamenial pamicle, the electnon, had a precise unit of
elecine charge associated with it, or ol the charge vaned contimuansly rom one
chectron o another. (her physicists had already established that the chasgeo
mass ratio wedm) of what they called “cathode mays™ was constant, and that these
cathode tays maght be partacles better called electrons. i the electrons all carmed
the same chagze, they would also all kawve the same mass, and would .;||m[:t'3- a5
“aroms” af electnicity, in the original meanmg of that werd as an indivisible unit.

Worlang experimentally, Millikan ser aboun les inguines by construciing an ap-
pareus consisiing of two slightly eparred, electrically charged horizontl plates
enclosed ina box, He sprayed small droplets of oil between these plates, a process
which gave mast of the oil dropleis some eleciric charge. By rapidly and carelully
adjusting the veltage on the plates, while looking at the droplets through a sinall
telescope, Millikan toed we get one dropler alter another o bang perfectly suos-
peaded between the plates. A series of by ne means wivial or casy observations, as
sumpions, and caleulations alloweed Millikao 1o judpe the weizht of cach
hUNIJq,'IH.I\_'J dr.:-r&-h_'!, and 1o then et the fonee of aravity I i||,__'| ] [:|.:||'.' it dlovamr
with the elect ric force from the chianged plaes which ke in hanging, sespended in
the wlescope’s sighis. Knowing the volope on the plates, knowing the waeight ol
the drops, and knowing the foree of gravity on them, Millikan could caloulue the
only rematning unknows in the equations: the charge on the drople

W write thay Millikan was working expermentally, buar thats sl quite true.
s, he had ingeniously dreamed up and buil this apparatus, and disciplined his
by 1o =it in {rent of it with one oyve fixed on the webescope, hand vwididling the
vinitage dial and rapidly writeng doswn chservanions, But il he had been working
only expenmentally, he would have ended op wath what slmost all the gh school
students soday end up with: a dam set v sugeests i the charge on the oil
droplets comes in prectse units of one, two, thee, or tour eleciran charges, b
doesnt guite convinee, becawse the data set i muddled with observations and cal
cubattons that might aise indicate a comtimuous range of charge values in berween
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the nen sen of integers, and espectally some that seem to indicare a charge of one-
hall e one-third of the most compon value,

Millikan was successlul because T was warking thearetically as well as experi-
memtally, Millikan® noteheoks and writings s the time revenl thar he was commit-
ted i advence o the theory of unitary electron charge, and 0 knew which

L'A|'\._'n|11r|||;.:|! sutcommes to throw away, I he badnt been so a'.n.lrll.rl:ui|l{|,5I b wonald
Travee bewnn aweasly in g sea of Largely andiffereniizted data Tas was 3 competitor, the
Austran physieist Felix Fhrenhaft), Millikarn was an excellent muoddler. in the
waords of Peter Galisan

Mithikan supported atomec theory and i general o granular representa-
tion of mature, ., . By the steength of his convictions, he sel aside some
measurements nod in accord with his atomizsic hypothesis about electric
charge. . .. [He! was faced with a choice where dogmatle prosounce-
ments on Cexperimental mathod” would not help: to ignore all expecta-
wems leads 1o chaes vel 1o adamantly tellow prioer beliefs can blind the

experimenter Lo noveliye !

Wlillikan viclated the prune divective thar scientists are supposed o chiserve,
harboring an irratioral (in the sense of being before the kact commitment 10 a cer-
tain theory. And his violstion of that conventional expectation became the path o
the faer. A king of feeling forthe appazins was atze pan of doing good science lor
Millitan. He had an excellem sense of when the cquipment he bad built was werk-
118t well aed when it wasnt, when the comples and unspuanifiabie ervrmumensal
conditions in the room were conducive to a good experioental run and when they
wesent, when he had made good chaervations and when hie hadnt, Being a pocd,
[recse -:'.'\:|:Ig'r|:11.;'|:t|,,|'||.'«.r recuiTes 8 much more i|11i1:n'.|.i-.|,' :sh|||'|§_ that of ||.|.|..i!.;_|r1|'_I
(hut when we turn o guestions of judging and the case of David Baltimore in
Chapter 4, we'll see that theenetical commitrments in the face of experimental am-
biguiny, aned = “Teeling for sl apparaus.” dont always work ou so well

Seill, o mghe obgect, even il all thar ts troe and Millikan dadn® Bt the comen-
tionel model of the cithedox scientist, be was able 1o do what he did Because, in
the e, natwre meally 15 1t way, ilv thowes have & umiany charge
of L.602 x 107 coufombs, True=—or shall we say, true cncugh. Thowsands of
physicisis, electncal engineers, chemss, and ather soentisis male goed use of
ihat very stable tact every day. But not ane of them could tell vouw what “charge” re-

anil the electron o

aliv is in the livst place, what the mame refees o—at least not without referring o
an enormous seres of other concepts, measunng devices, experimental clfects,
and discplned procedures. As the eminent experimental Dnvish physicist who pi
oneered the study of elecericary, Michael Faracday, wrote in 18349 ahaout terms such
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as “ion," “dlectrode,” “cathnde™ and ethers that he invented: “These 1erms being
once well defined will

L1 hope, in their use eruble me 1w avoid muoch peniphiasis
and ambiguiry of expression. 1 do not men o press tem (s service more fre-
n;_;.'u:l;nlh han rt'L.ILJi:IL'i_I.._ feer T am Iu]]} awitre tha namses are one thing and science
ancther. ™ Names and sciences doa'l compnise such easily separated spheres, but
i i sl !;mu.l: e b remmanded tha “the charpe of the electron”™ 15 2 shormhand rerm
shat helps ws avoid the long, ambling, periphrastic descrprion of a fincly crafted
network of wehnologies, wehniques, equarions, social nfrastroetere, and other
mammies that togeiber allow something called “the charpe ofthe cleciron™ o be pr-
duced—and produced reliably I you really want v know why the charge of the
clectrom is really 1.502 = 10" coulombs, you'd want 1o know the incredibly pe-
nphraste hstory of electronmgnenc theory and expenments, coopled with the
wechnological and social hastery of electrical weehnologies.

Faradday, and later his compaerion James Clerk: Masweell, did brillian theoresical
and experrmental work in electncity and electromagnetic theory. We tend 1o for
ger, and our science tesibooks rarely reflect the facr, thar they did this work in
quite a different sciensihe culture from our own. One quality of that cultare ts
Fomwed anin Faradays statement above: these Brinsh physicises (e German phivai-
cists like Hertz and Helmholtz are quite another story) were always aware of 1ha
persistent gap between names and sciences, between our representations ol &
world and the world nself. Az our earlier stories have suggested, 1his kind of maod-
cary is an enduring philosophical sirand in the sciences, and one well worth pre-
seaving s modesty than redivects our atterston wodhe madedle space o1l lerms
and techmolugies that we put into that gop, stopgaps “pressed into service” w bet
fer mansge both our ideas and our worid,

Bt E'I}- the end of this .:|‘|.||:-I-.'r. Wi |11:|l_'E|r =1y '.-.1r|::|":'rl.:r:||__._I i,']ﬁ_'—'\-n.1:ll.l."|'|1lr1!_' 1t
trics to gt arovnd thas maest wsefuf, nataral, and ronally eutdared and inadegeare
stopgap phrase: “the world ivseff”

Lidwike Fleck and the Signal that Resists

Ludwik Fleck conduced notewoenhy sed sometimes remarkable work in the
feclds of bactericlogy, serology, medical practice, and socivlogy and philosophy of
sctenee. Fleck was a manat a number of crossroads, subjected wa variery of frenced
migrations, and dedicated o screntific work in what were Irequently less than

ideal chreumstances.

Fleck was born, educated, and began his biomedical career in Lvew, Poland
Beginming in 1928, he hesded the bacteridogical laboraony of the Socal Sick
Fund in Lvov, until ann-Jewish messures lorced his disnussal i 1933, He connin
ued his medical and rescarch practice in prvate, where in addition o working on
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sereplococsi he devised a mahod 1o improve the Wassermann test lor syphilis.
When the Soviels ol over Lvow in 1239, e became divector of the City
KMicrmhiological tahoratory, heed of the microbiclogy department of the Stae
H::l._[-.'lil:-|-.|,_';.|._.':| Trztatame, vl heldd o vumber of eiher [RISHIONS a5 well Then when
the Germans occuped Lvow m 1941, Fleck became director of the biectenalogical
|.:|E:l|.=r.1|_||1'!, of the _'Ig"u.'1,-i'|1 Hll.-.|.~i!u|. f"rl."rrlupr;'l.i |1n_.' the severe I:.':|1|1|J\ L'F1||.||.'I11'il, L
gripped the Jewish gheto, Fleck muddied shrowgh with “primicive means™ i nse

¢ urine of yphus panents tn rapbd diagrosie and vaceination procedures, His
mict hods were soellective, in Fact, that wher the Germans arrested Rime in 1942,
he was lorced to put his shils 1 work producing the vaccine tor Germuan troops

Drefiant truth-telling was not the mos effective survival staepy st the time
Asked by the Germans ol bis vacone would be sunable for Arpans, Fleck re-
sponded: “0f course, provided that the vaccine s prepared from the unne of
Arvans and not of Jews,” Fleck and his sraff were taken firs ro Auschwirz, whers
they were attached 1o the camps hespital and lorced to produce vaccine; Fleck was
later taken 1o Buchenwald, where he continued this warke, The MNazis killed Flecks
e sisters and their families mn Polaind, before he was freed when the L5, anmy
entered Buchenwald in Aprd 1945, He resumed his sclemific work in Lubling,
holding a number of presiigious posttions and Teceiving numerous awards, in
cludinsg elecvion to the Polish Academy of Science in 1954, Fleck died in 1961, in
Isrizel.

In addition o this extraerdinary life and carcer, ancther of Flecks cnduwring
legacies 5 s boek, The Gosesis and Developraent of o sewnitlie Focd, Pobshed in
Switzerland in 1935 {as a Jew, be couldnt publish in Germany?, the extent to
which this ook wis sl and discossed i Boropse s only o Begimning te be-
come clear, lis Ereatest :iul-:u-.mlu|p'{i ellect would seem to come much e @
she very least, Flecks book reassured Thomas Bobnothar many of his own ideas
about paradigms and revoluticens in the sciences were not crazy.

The books seemingly paradosical le struck Kebn when, as be repors,
Harvard presadent and Chrielly) LS High Commissioner o Germany James
Conant related “with glee” the remtarks of a German associate: “How can sech a
hook be? A fact is  fact, I has neither genests nor development.” But the book n
[act is, ord @ details the histoncal shifts in what was belicved w really cause
syprhibis, and how that condition came e be diagnosed and defined

Besides hos work on syphilis (which s best read in his own words), another,
brieler episode related in Flecks book also convevs his views on sciemilic reseanch,
cxperumentation, and the siatus of “facts.”

Fleck relates a story about bow he and an assistany grew a streptococeus [rom
the wnne of & female patiem, “lrs unusually rapid and profuse growth anrected
our attention, as did pigment tonnation, which s very rare with streptoceca.”
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Fleck had mever seen such colors in bacteria and “remembered only vaguely hav-
ing read abowt them " Wanting (o hid oot more abow these germs, be planned o
series ol experiments—and then didnt do them Instead—as he recalled and re-
counted alier the fwr—"the praject vwned Targely e a study of variabil

iy

Such a thing undoubiedly happens all the time in science: An imvessigator starts
[&I11 ] :|r1r|_'r|.'-5h'-:| in ope sel ol i|||-:,':.|_i::-|l\ ,l:l|_| |r||-;'||-..:|11-q1'.:|I .'|.I|||,i. |_'||1|.-‘ up -:J-:ri1|y‘ 0TS

thing completely different. Tur what doesnt wsually happen is that an investiga-

askes the cruacial reilexive quiestion that Fleck then ashoed: How could this have

LT
happened?

Biecause he inguined about kis own process of inguiry, wondering how it came
1 b thaat be did somethiog e didn't plan w de, Fleck becomes one of sure anche-
iyl muddling, reflexive, admirable soentists. He had been siudvang the hyerm-
ture on vamability i bacteria, and how they were clssified scconding to varous
species. and becanse he knew that Srreprococous often reminded aboratory scien
tists of Staphylococous, he also remembered something about staph colomes hav-
ing dilferens colors. So he suggested o his colleague thar she derermine if their
strep colomnies could be split inte fighter and denser colonies. They could: There
were a large number of “ordinary vellowish, mansparent colonies.” and there were
avery Tew “small, white, and miore opague ones,”

M they really began tryieg to pach things and explanations waether, unsure
whither they could “even claim with ony cermainty and sssurance thar a reat problerm
euisted at all.” Thoese tiest differesces that they had noticed—herween vellowish and
white Bustenal colonies—all hecame unstable in subsequent geneeaions,” B b
beeame a new diference 1o work with—the differcnce beoween the ollspring of the
few special colentes and tat of the majority, That dilference even seemed e incrsiss

s Thay L:cr.r [ nu.'lring new Qe of The e, winch Fleck atiebured 1o the

“panly subconscions selection of the most divergent colonies,” Doy again, “all -
termpls to formulate this dilference bad 10 be dropped nght alter the next inocula-
tons, 7 They contimeed working

Al this pouat, many scnentists would bave reconstructed thelr marmtive e the
“Eurcka!” penve, where the toeth siddenly becomes miraculously and inunedi-
ately clear But Fleck saow it differently: =, an kast, alier we had gained compre-
hersive experience, o lormulaton crvstallized ™ The cmphasis here s on
expenierios rther than the fash el wwitve confirmanon—rthe vagoe, “panly sub-
conscrous’ yet powerle]l cumuolative clects of habat, work, acquantance via un-
miersion, sl lallremembered sotentilc lerere, O course, sudden insight s
aften an imponant characterizstic of the saences, bt the frequent emphasis on in
gight in the soences can eazily lapse e a kind of mysticism.

For Fleck, the truth doesn't appear, the mind of the deity isnt revealed, the sci-
entists orind doesoit seize the wondrous bect, but a fermudation crystalizes out ol
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this viscous gel of experience. I wasn the dillerence in color thar was imposant,
as they had fiest thought, Twasn the dilference in intensity ol color in subseguent
generations that was tmportant. [ now appeared that all the colonies had the same
color, bur dilfered in stroucoure, And unlike the color, those differenzial s
allied the “smoetb” rype GO and the “oardy™ (iype L—"could be per-

iures—later o
||c|:u_|'|¢;-:| II"I:I'IIIJL"II transbers.” Tllw_, had-—discovered? made? L'I':,'E'I:I..”i.".l.'l.l_-" —a [agt

Fleck expiained why he thought it important 1o subject the reader to this kind
of aceoum (which we have simplificd imnmenselyd, one that followed the vietssi-
stegles of the acinal experimental encounters

lr shows (1) the material oltering wselt by accident; (23 the psychological
mool determining the direction ol the investisation: (3) the associstions
mtivated by collective paychology, thae s, profissional hahins, (23 the ir-
repronlnadile “minial” obsercition, which canmor be clearly seen in retrn-
spect, constiluting a chaos; (31 the slow and Lboriouws revelation and
awareness of “what one actimlly sees” or the peining of expertence; (63 that
what Dias been revealed and concisely swmmarized in a scientific stare-
rrent 1% an artificial geruciure, related but only genetically o, bath o the
ongnal intention and to the substance of the “first”™ observation. The
original observation need not even belong we the same class as thar of the
faets it deud towand.”

Fleck tricd 1o anticipate how many “theoreticizns,” trying to e this complex
mess of process wumed o the usaal omdered aocowns of saence, mipht come wp
with alternative formulations, They could sav that Fleck and his colbeagues inival
observation, “devoid al any asaamplions” was something Wke “Today one hun-
dred '|:|..-J_',-;'. -:_1-|:._:|-.1, i=h, LERTRL R i and o 'q.|1u|.h'|:. ||.J_:h||;r. FHEE O LUe colomies
have appearncd on the agar plate.” But that scemingly raw statement of b facos,
Fleck paims out, “antecipares a difference between the colonies, which could actu-
ally b established only w e Taer stmge of o long series of experimens,” Recall thi
the hirst observanion was colors, shoaly alter musdcled with the memory of some
Eteruture on color in steph colonies. All mzht, the theoreicians might respond:
vou would have wo investigate all the colonies, and all their propenies, and then
vou could see bow there were one hundred ol ches foest sort and vwo of the second
sor, Well, wrikes Fleck, “itk alwogether peintless to speak of aff the characteristics™
of semething like bactena, because vou always begin rom some combination of
liabit, professional expercnce, or soms motivation (hats net entinely conscous, A
gooed scientist always begins, at lzast in some measure, after the fact. Why delude
voursell into (hinking the process s or should be random, arbitrane or completely
inclusrve! “Ohservation without assamptien,” wrntes Fleck, “which paychologi-
calby is nonsense and besically a gpme, can therelore be dismissed.”
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Bue twe types of observation, with varlations aloog o transitonal scale,
appear detinitely worth imvestigating: (1 the vagiee initiol visnal percoprion,
and (21 the devedoped direct visaal peroeption o a forme,

Dhircct perception of form requires being expericnced i the nelevant
field of thoughs. The ababity divectly vo percetve meaning, form, and seIf-
contmned umty 15 acquired onily after much expenience, perhaps with
preliminary trainieg. Au the same time, of course, we lose the abiliny 1o
see semething thar contradicts this tonm. . Visual perception of form
therefore hecomes a definite luncrien of thowgh srvle, The concept of he
g expencnoed, with its hudden rrationality, acquires lundamental epis-
temological imponance

By comtrast, the vague, initial visual pereeption s unstyled. Conlused
partal themes m various sivles are chmotically  thrown together,
Contradictory mwods have a rndom inlluenee upon undinected i
sionn - Mothing is Faceaal or faed. Things can be seen alimess arbirae-
il wra this Dight or that, There 15 meither sapport, nor constrain, nos
resistance and there is no “hirm ground of facts"

This beamilul passage is well woith lingering ovee. Unsivled, undirected, or
purpeseless percepiion—:he kind of raw empincism that we saw Bovle apparenily
aiming for—can provide faas or solidity, Meaning requires discipline; all percep-
vion ang thoughe, in osder for it oo coum a8 science, has o be stvled, And 1hog
means living with contradiciions and rade-oifs. Dirccy perception of foeny o
e 15 vady possible thaougn the imdirection of being tesesed oo "theughil-
style.™ And while you gain enormously from being so styled-—indeed, its a prereg-

wisbe [ doimg stience—ioa lose af Teast some ol vour ability 1 see other, new

[]'lan__".\. The seiences drve a hard hareain,

Fleck was a scientist wha knew that conventional ideas about facis and wh
happenisd in the processes called experimenting had e be reworked, rechought,

el reinvented. And like scientists who continuwally invem new instruments and

procedunss, and then expermient with them, the amalvst of the scienees bas 1oin-
venl new concepts like “thoughit-stvle™ and “though-collective™—and then see i
they work or not, and for what ends. Fleck invermed “thowght-sovle” 1o drasw our
attentiom avvay frone the nonscnsical wea of ohservaton witheut assumption, and
the associated idea of brute Bacts draven from an independent realivy, and locws tha
attention westesd on what some scholars now call the elements and processes ol
secial corstruction: o Tabits of toughn, eng-standing disciplinary and cul-
tural assumptions, personal histony, professional education and training, and even
monds amd chance all work weeether w stylize perception and theorizing.

A thongghe-style is srmilar toowhar Kehoowouold ler call a paradigm; both tenms
have been ungenercusly equatcd with “fashion.” That's sirmply @ very bad tnnsla-
v {ofien deliberately sob You don't change thowght-srvles like an old shin or
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eledrt; 1hey are embedded, as we'll see in more derail over the next lew chapiers, in
words, practices, lunding patierns, our science curnicula, and in many other
things and celaionships, They change slowdy, and not simply through individual
will ar commercizl promotion, Thooght-sevles (amd there ane wsually muore than
ome operating within g given feld of soence at any one tmed are oreated and rrans-
mitned |r:, 1F1|:-|Jg;'|l_ collectives, which =t as ymalitaman as i :1:1“!'1r sernd
Marpowdy construed. Fleck wsed thought-collective 1o reler 1o the scienific sub-
commmity tha developed and tested new ideas, traimed s newer membens 1o see
cerratn forms and ask cenain tpes of guestions, and acted in @ variew of orher
ways tor control the arbitranness and chaos of unstylized reahing

Fleck, rumimating on his experience as a ereative, successbud muddler in the sci-
ences, gives fulure scientists a very valuable gl He gres o them, and to the rest
of us as well, some training and stylizotions o help us perceive the sciences and
five mearing o them ina mew way. He gives us a way to stop thinking ahout facis
themselves, and to start thinking about “how a fact anses. Aé frest there s a signat of
restitance i the chaetic ital thinking, then a defenite thought copstratr, and fineily o
Jarm 1o be dircetly perceived. A fact always occurs in the contest of a history of
theughe and is always the result of a defindte thoughe sayle. . . The face thus ep-
resenis o sivlized '-'|'h'rln:l.| of resisfange in thinting. Because the thought soyle is earried
by the thought collective, this ‘lact’ can be designated in briel as the signal of resis-

e i the thowghi coflecrive, | . L The fact thus defined as a “signal of resistance by
the thowghs colleotive” comtains the entire scale of possible kinds of ascenainment,
lrom a chld's ory of pain alter he has bumped inte something hand, w4 saick per-
son’s hallucinations, w the complex syszem of science,™

While it might seem that Fleck was something of an ulealist, Jocating that re-

CiETATCE I 1hi.r:|!n'.|||g s, o careful res |r|;'.;<,r1 thurt [EssaRe Jusl cined shows thar 1o

bz a poor imerprerasion. Fleck nearticulates (he facn as “the siymal of resistance by
the thought coflectve.” By menboning the childs coy he connects the idea of a
sciemilic thewghi-collecrive back 1w the naive realists canvon vidlenee of feet,
stones, and bodies Talling oo of airplmes. He even shows how priverbal urer-
ances, truly brute cries of pain, bave o be seen in social context: the oy is @ sig-
nal 1o prenis’

Scientists meet all kinds of resistance; they bump up ngist things all the time.
Thats what makes the sciences challenging, exhilarating. creative, and wseful. B
it’s a mustakor to think of reality, the matenal world, as either the hrst or only signals
of resistance. Fleck and numerous seholars sioce him help us see how habic, wools,
raonds, money, professional training, metaphors, and cther things that aggregate
ke a thought-aiyle and thought-collecuve (atedy imprecse tenms which we wall
try e specify in more dewil later’ have what we conld call very marterial effects!

When be says tha there is no “tirm ground ol faces,” Fleck tsn't pulling the rug
frown wnder our feer. He's rediteering our anemion again, hecause we've been look-
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ing For solidivy im the wrong place—or rather, we've been looking for it in just oae
place; the lacts. The solidity of lacts, like the truth of scientilc theories that we will
be discussng in more detail over the nest lew chaprers, snsimply & consequence
of their being "!:uml':dni fim e .L|i1'}'_ Fleck directs our argemion vo che “signal b
resists,” @ signal (or Bewey's sign-forced that comes nat just [rom mature ot reality,
Bagt Do . L L whene?

The shor. imprecise answer is: from all over the place, A betier answer comes
in the nest, final seeton of this chapres: fram realney

Experimenting with Some Physicists . . and Realiny

Later 1 the hoolk we undertake o more extended exposition of some lstory of and
current research i quantum physics. But it would be rather strange not o men
tion something ahour quantum physics in a chaper devoted o experimenting,
since this particutar branch ot plrysics is mest responsabie {or Mlurming the kound
anies hetween experimental instmments, the aces of measuring and observing, the
spinning of theary, and perhaps even the Ime berween muind and veabing

Ever stvee the physicist Max Planck introdaced the concept of the quanium
inta plysics in 1900, these once distinc and siahle categones have destabilized
more and more, Planek {snd many other phivsicists since? felt that the trembling
extended beyond the boundaries of phvsics isell, and ook on vast cileural igni]-
icance, “We are [living in 2 very singolar moment of history,” Manck wrote in his
1932 poputlar boal, Where Is Soence Cosgd—"a noment of onsas” that showed i-
self "ot cnly in the actual stave of public affairs but alse in the geoeral avitnde io-
wands [undamental values in personal amd social lile” There was o vague hul
U i|1|__l| unease 10 the world that Planck associaged with -.\,‘\.I-CA"'!CL'J'I anmack,” a '\.r1i.ri1
thas might have been appropriate (o religions “doctrinal and maenal” systems, and

evert to art, but mow the skeptic had “invaded the emple of stenee.” Even within
physies, the holiess of Boly dongins, “the spinn ol confusion aod contradiction has
begun 1o be active,” Establizhed principles ol causalivy, the independence ol exter-
el reality Erom messurement snd thought, were under suspicien fnom within,
Irom phy=icists themselves,

Indeed, Planck was in oo somadl part wesponsible lor this sitwation. Hes invention
in P900 ol the quanization of energy as a ratber desperate means of reconciling
disagreeable implications of classical theory with some reliable data on thermal m-
dhiaion was the small event that snowballed inwo the quasitum revolution that now
=turbed him.

Where zome believed this might mack the beginming of a “gre rengissance,”
Plancks sympathies were mere in bine with those whi saw the “ndings of o down

fall bo which our civilization s latally destined.” The “logical colerence™ of science
had once zerved a3 procection against ihis skepnical “contagion.” Now even grea
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scientists ke Planck kaew tha it could no longer serve as the “iirm foundaion,”
the “rock of truth® en which we could Stalie our stand and leel sure that it is unas-
sailwhle and that ir will hald Grm aguins the storm of skeplicism raging around

it

Thats @ ranber Tearsome, and fearful, vision, and ome that s s0fl felr and ex-
|||r::.‘-|:'|.] |:-:.' My OIS S I|.'-|.i!:|.'_.-' Concern about the lxrlli-:;.l'-ll.‘. culiural influenes
of postmcdernists, socal constroctioni=ts, amd other shepgical ivpes has alowoss
reached the level of hvsteria tn some porons of the soentihe community. s
something thet has changed linfe Betwesn Plancks vime, and the “Science Wars™ of
onr day: clder satesmen of scrence extolling o guasireligions defense of the secure,
solid, unassailable provnd of scientile ik as the bedrock of civilizaten. fecling
hesiepged by the sheptical and possibly smmoeral forces of unbelief and contradic-
on.!!

Weanwhile, things in the quamum world zzem only 1o have gotten more piz-
zling and emangled, and quantum physicists kave been foroed over and over agam
1o acknowledge the anavoidable collusions thar go on berween their own experi-
ments, ohservanons, theories, and instrumenss, and the real outer world. Physicise
Ty Wheeler has been one of the most ongisal and audacious quantum theonsts
of the pest-\World War 1l er. (He also helped develop the A-hamib and the hydro.
gen bombe ) Recemtly, he bus dislled most of his work inte the pithy pheases Mo
question? Mo answer!™ and “In from bir,”

(rherwise i, every d—every panticle, every Neld of force, even the
spacetime cominuim ussll—denves 18 function, s meaning, 18 very
exmstence enerely, even b in some contexts indrectly-—from the appara
tus-chited answers Lo FCS-OT-10 [ uestons, |:;".r..l.r)r chotes, Fits,

It from bit symbolizes the idea that every item of the physical workd
has e botom—a very deep Fawiom, i sl imsances—an (mimarerial
source and explanation; that which we call reality anses in the st
analyais from the posing of ves—no guestions and the registering of equip-
mient eveked responses; in short, thae all things physical are information-
thecretic in arigin and this is a pariidpaiony ariverse =

“Thisisa prerticipatery universe.” [15a bold statemeni—even an overstatement,
of the land that has made guantum physics so prone to vastly overestended and
ewverinterpreied conclusions aboul hoew arcemamey, iwlesterminacy, or the imer-
penctration of subject and ahject hecome debinitive, all-embracing cosmic prinei-
ples that illuminate evervibung from holistic medicine o enliphtened busimess
management strategies to the falsres of justice in televsed trials. (And il a feminist
theonst ol saence were 1o write something similar, she or he would be met with
winch harsher eritcism than Wheeler seceives. t Bur Wheeler offers this formula-
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viom as a “rentative id or working hypothesis™ that might very well be wrong, b

as “the pol

cv of the engine inventor, fohn Kris, reassures us, "5tan her up and see
whiv she don't gol™

Moreover, 2 close reading of the passage ahove shows thar Wheeler is carelul 1o
Teave certamn quabificanions i place: the mumateriality at ehe Botyom of 1the mater-
1l world Ny lie &0 LII.'\'.'|'.\ s b e ot wonh .;I.".LCI11F after. The imeractions herween
guestions and ihings, instroments and obiects, in some contexts other than the
subararmic, quantan contest may be so indrect s to be rrelevant. We have ey
i be very modest and precise hese: Photons ane not immune sysiems, and the
couipment for evoking a response [rom a subatomie particle s not the cquiprient
for evoking a messurement ol groundwater contaminams. The strange interac-
tioms i the muddied space between bt and 1, queston and answer, virusk and
real, immaterial theory and matedal fact. ame going to be different in differen sci
ennfic pursuits and coments. 4 recurring demand in this book will be ta track the
specthe mteractions thal happen i the wildly vaned sitwations w which the sci
eees are actively pursued,

Mevertheless, Wheelers concept of a participatory universe drawn from quan
rumn physics ts an excellent working hypoabesis to ey o incorporate moall of the
scignces, and inall af our thinldng and experimenting with the sciences, The sci-
ences bave to start with the konowledge tat there is always some path, however in-
divect, by which theory and fact paricipare with each ceher. All of our sciennfic
pursuita lave o sernehow acknowledpe that the real and the vinoal panake of
eoch olber, thian the most Bl aod solsd signal thar resises bs alwass inlormed by
seemingly immuerial thought-sivles. Thats o much beter way 1o pursue the sci
ences tham with onr current conventional notions of solid, solitany facts, securely
walled off Trom or urmmaddled stk our ¢ h.'|||.;|__',|r|g cunee s and culiures,

Torstant 2eeing why, lers reruren e the world of Max Planck and s book Whene
Is Scienee Going? Weeve already seen how Flanck was deeply concemed abour the
cracks imthe foundaions of soience and reason, and the implicaions which these
cracks ol skeptacism and “imattionalism” held for the wader culture. Trving 1o shore
wp those fovndstions, Plack set ol two theorems tan wepgether fommed wha he
cilled the “carinal hinge” on which the physical sciences turn, They are thearems

that muany sciemists tedny would agree with, and which form our common-sensc,
comventienal view of the sciences U1 There 5 a seal purer st which exisis fnde-
pendently of vur act of knowing, and (21 The wal owter warld is nod direcily knowable "

[Planck’s ialics]

Planck, wha had just been lamenting the spiri of contradiction ghread in the
curcent culowee, admmed that these theorems were themselves mutually contra-
dictory—ahat is, he could not rationally justty their conjunerion. “And this fact,”
Te continued, “discloses the presence of an irnatonal or mystic element which ad-
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heres 1o the physical oienees as to every other beanch of human knowledge. The
knewalle realities of nature cannot be exhaustively discovercd by any branck of

sciersce. .. We must accep this as 2 hand and Bst ierefutable [ace, And we cane
remiove this facy byt Vs 1o fall back upoi a Tngsas which would restricn the s ope
of science (rom the very start merzly w the deseniption of sensory expenences. The
miewy o SCICECe i -u.1r||1.'I!|||r1!: mware, 1L s an ingessant siruggele 1:v\-.'_|1'||.'_. a :._'l\.l:l:l which
can never bie reached, Becavse the goal is ol fs very nature usatcainable, s some-
thing that is essentially metaphysical e

Somwewhere alomg the line, Planck angued, the scientise as to junsp the wall or
make the leap, and mtroduce 2 “metaphysical lypothesis™

[&lctence demands also the believins spint Anvbody who has becn sed

ously engaged in sciemific work of any kimd realizes dar over the en-
trance 1o the gates of the temple of science are writien the words: Ye mast
fave faith. I is 3 quality which the scientist cannot dispense with, .. The
rensoning lcwlics alone will nea help him forwand o swep, for ao onder
can ernerge from than chees of elements unless there is the constenctive
qualiny of miwd which huitds apohe order Again and again the tmag-
mary plan on which one attemapts to butld up that onder breaks down and
then we must try another. This imagmative vision and faih in the ali-
mute sucoess are indispensalde. The pune mbonalist has e place hene

This conventiomal view of 1the sciences hinges on a series of comradictions, or
Justapesed oppositions: physcsfmetaphyscs, easondfimaginaiion, scencefdaid,
and even laboratorydemple, While the public, common-sense view ol the sciences
almost exclusively privideges the e front of the slish—patting its best e

lowe —im [aet, the .s[:lpmin;_" Lerm is :||1.-..u}~_: s 1t has to b there, even il o
peneralby has to he swept under the g for public occasions, Theres cerrainly
vhey'ne o part of any system, and in-

naothimg wiong with contradictions per
deed, the scienves wouldit be possible or nearly so generative without the enging

of comtradiction. Rut when conpradiction s demied or swept under the g, o be-
comes much harder to gt a sense of the peculiar elfects of that particular contoi-
diction. More tmportantly, it becomes almoest impossible to imagine another
system ol thinking that might work just as well, althongh korboring 1s own cone
aradicrions,

Planck’s radically biburcated world is utterly dependent on opposed terms like
irmaginaticn and reason, lith and science—and Tt and theory Planck asks us o
have faith in what cannot pessibly make sense, that science approaches the truth
ever Cloger, enscung & hyperbolic nonencounter with the absolutely separate
ever nearing reality, but never touching it That can't make sense and fas i be an
article of lanh, because il “nature” or “truth” 5 indeed radically sepamte in the
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sense that Manck pesiulates, then s impossible o kaow iF you are approaching i
more Closely or nol. As kids, many of us have plaved the gane where sonseone
Tades am objeen, and ther gives verbal cues vosomieene else ssekiog 1 v re gedding

warmter, watemler, oodder ovoahhith vou e fJurI:fr.'_l: apt! e for thas R 10 Twe ||].|j.'|:;f

successfully, someone has o know where the obgect is hidden. The game needs a
Gond, in otbser words, whe can be oweside the SyELCT |.1|:-|-:il1!: i In oeder o jl.l..ll,“i:
distance and progressive approach, vou have w0 know the Timal destinaion—
which Planck has just said is humanky unknowalsle

Furibiermare, if its true that scientisas have to have this kind of Gich, i also troe
that they can't put 1o much faith m fath, Passionare adherence toaset of theeret-
ical beliefs i o recipe for bad scrence . . sometimes, Teomese s the same time, sci-
entiEts have to be sheptical ahout bong consistently skepueal, since that 1= alsa
and when o skepti
Thete are no hard

likely 1o land them in trouble. Deciding when 1o have fith,

cally arack resulez and theories i3 an expen, subile am ore

and-tast rules to Eollow i this world of contradsctions and expenimenting, and the
hest sclentstis—Nke Copermwecus, Millikan, Fleck, and even Planck Timnselfewill
be the ones whao can muddle through.

Bur wlan malses vs think we really veed Tlancls kind of faich anvway? Why s
it that ourcultare, by and barge, encourages and even demands that we believe thar
the sgiences progressively approach and approxieate o full apd Sinal tuth? Why
anz we =0 ofien presented with the stark aliernarives: a world of rock-solid, fime-
less fects-or comgletely adrilt in a raging sea?

O possibiling = hat the soiences then gain the same exalied and authonaive
status as religion hoas had, as Plancks use of the word “emple” shoubd make cleas,
There are marsy ways inwhich the sciences, and cor callunsl attiodes osand then,
wre indeed like rel g, B it waoiddd be a rmisaakee to redugee and Ll e SEITORS
to religion, and toay that reason akd the sacnces are simply another form of Taith.
The world is much more complicated than that. Part of that complexity mvobves the
fact thar progressivison in pofities has vadiienally Been connected o this progres-
swvtsti in the soenoes: elinumate CGeven d only mour epestemalogyd the real waorld
whitch is approached progeessively, and vou eliminate uny basis for making jude-
ments not orly shout what s scientifically “bener,” but also morally or poligically

“briter.” We will yuestion this linkage more closely in Chapuer 4.

Or padng here 15 more moedest: Vs possitde to pursie another kind of theught-
style regarding the soences, the work of expenimenting, and the status of facts.
This vther thowght-sayle —"muddiing through” is one way of puiting it—is coher-
ent, rational, productive, rehahle, and critical of estahlished trnhs, including its
owvte. This way of pursuing scisnce i no more (nnd no lessd marked by s ownin
ternal conseadictions than the conventional view, described succinctly i Flancks
vwo aniome The opening ghmpees of that thought-sievle provided bhere by Cleck,
Dewey, and others wall be used as building blocks for the Tollowing chapiers,
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Ard in the end, the ways in which Planck and Fleck or T'.h.'\.'l.':.'}' wiewe Lhe nanure
of the world and the netune of the scicnces mighi be very simualar, or ai leest com-
patihle. Each szenis o be saving than “mamee” oF “realiy” remaing inacoessible, and
e whai we have access tois mﬂ} a kind of et fect simulation of i, in the fornnm
of what Fleck cafls owee “sivhzed knowledge,” or what Planck calls our “constnic-
nive q:l.:l.lllf..- of mind,”

A there is cerainly plenty ol voam for common ground among these workds,
o middle space or merzone where the differences might be better ralerated or even
suzpended. Diplomatic negotiaions in the science wars are nol onfy possible,
they're necessary, and they could be quite producteve. Plancks image of the sci-
enees as an “incessant rugele” woward an unatainable goal is very close in spiri
v what we are calling “pursanng saences " Thoow i his notion of an nexhaustible
outer world that cant be lnown directly, and we can find £ven more room for dis
cuszion. Anirexhausiible realioy, & nature so excessive that it can provide mulople
changng answers o our multiple, changing, guestiomng experiments, may not be
a0 far from 2 world in which faces are made and nature i prosiuced—aor whar
Donna Harvway, bomrowing from Mative American traduions, calls a “mckste

1-
wre™ a shape-shilting, provocative world which can never quite be pinned down.
There showld be some room 1o work with here in the middle,

Arsid it in the middle, at the hinge of contradictions, where muddling theougls
hapnens, Linger over Coastline Memsure, the Mark Tansey painting which appears

om the cover ol this boek, Plancks citherfor choice—gither the firm, faciual nocks

of salid wuth, or the mgng sterm of skepiicsm—becmnes @ bothfml here
Pursuing sciences isn'e 2 nuter o approaching an ourside world ever more closely,
bt rather the difficull, <lippery olten nsky and uswadly adimirable waork at the
lesmnr, o the border of solid ek wed s ey sen. When b sy L')il'll_'__ LT P
srns st veat, the coastline will sl be o disjunciive juncioee of stability and
change, but ws precise contours will have shifted tnto o new pattemn whase mea-
sure st e taken again, Irommersed inodeir work, concentraing on keeping theis
Towery in this treachenous vermnory, they may lack the provleged perspective of the
distar observer wlio can see the suggestion of an oddly repeating, Iractal suriciuire
thun penctrates to the limits of their world,

I= tinis whas bedrock iseea lovened, itemted pattern made solid by its own cross
referenced ierions?

Do the sweries we've wld shove cohers inee some kind of theory of [xeis? Mot ex-
actly. You wouldn't necessarily say that Tanseys pamting is a theory of coastlines.
But just as Tansey provides an image that prompis a senes ol speculations abow
reckey shores and the immense (orces shaping them, we've tried o provide a col-
lage of fact-images whose structure is meant to mitiate 2 mew set of responses Lo
the quesrion: whar are the sciences grousded ind
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In onher words, i you think this chapier is supposed 10 answer ane of our “re-

alby?” questions—"Are facts really discovered via experimenting, in a separate real-
iev ot there, o are they really manufaciored , social constructions?™—youw'te golng
1 be d'.b.!]!l]'u:lill.'ll.fl.] Thats |:-m!'1.1|:-|1|. whar g !_'IHIL[ |'l|!i|-.hs:l=:|]!cr would call an unde-
cilable question. At the very Teast, pudging by the number of books already writ-
e ok 1 he bll1|i|.'L'| Lirw the kind of CUCRIION than PROFESES 10 Cngige philny*p’hrr‘.
vl many cthers fora long time to come

Ies ot the maost pi siluetive question, What we're more mterested ia, and wehea

wie Fope wilt be more producove in che long run, s inventing 3 new wond that can
help keep us close 1o the question without resobving it wo paraphrase Foucault—a
word far lurther exporiments on experimenting

Why deres 1t seem soonaturally, mtuiteeely troe that, o5 Planck says, “there 15 a
real outer world which exists independently of our act of knowing,” but which our
acts of knowing called the seiences can wneover and approach (hat never meet1?
Pant of the answer certanly has to do wiath the expenences that scienusts have
every day in thewr laboratones ora their desks, where i seems to them undeniable
tha: nature compels their hands and nunds in powerful ways. Another reason has
ter o with she dominant celfrire of the sciences in which we've all grows up, in-
cludimg the way that ihe sviences are almost abways aght in our schools, But an-
other pare of the answer lies sull deeper, and has to do with language.

[ sways in which moest of us (including Flane k) shink abour whan the sciences
really aee and hew they really work are threaded wogether with what language is
amnd o 3k works, s oo accidem that Pleneks opposition berween subjective st
of knowing sod objective world resonates so strongly with the subject-(verb-ols-
ject structure of linguage. Alternative styles for thinking about the sciences doni
find |:1|.'.'|r|1_.' s coemlortable a ht, and 20 ke thar naoaral |a,'-'||:|:|J._'| ol comrmon sense
facts aren discivencd, but produced?! Ty whar subject? Owr of what object? The
stgu] therd resistsf Language cannot simply be overthrown or overcome

Language ¢y, however, be played, and the first siep might be a new word
Throwghwont this chapter we've melermed o this wmeihing thar has been vanously
termed Yo matedal warld,)” “the world sl er just “the world ™ *Reiling” is the
key word here. The wornd “reality” signifies ihe wrefuiable ching, or the signified,
et makes Johnsen’s toe hurt, makes Millikan’s experiment eventuadly come ot
correctly, and [attens the social construetioniss bedy at the end of the airplane
expeniment. (Vs o word full of inaliey, for the brote realny of brute bacts.

Canwe come up wath an aliernative signifier? The thing, the signaled that we're
trying 1o ppoeinz to here is what will emerge over the couwrse of the nest few chapters
w5 “a muddle, or complex assemblage, of material, social, culiaral, linguene, 1wech-
mical aned other farces—alrhowgh thase things are just our prowisional names,
too-—thal constitute what is most requenily catled realiny” Thars che thing thsat
makes pursuing the sciences =0 kard , so vselul, o wmporant, and so problemaoe
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That'’s the thing that we have 10 learm 10 recognize as the ground on which the sci-
ences are pursued, and on which they depend—ground in the sense of the violent
conjuaction of roclysea

Pl thae [:lh.t.l:.l.' i fuaation iarks, 45 VOLL Canl s, s 3 |._|I.l|:|'|.-.}' and ]-'Hl;.'_' Col=
struction that you would soom tive of secing o pont. “The signal of ressstance by

e I:|L|mi_"|'||_ collective™ is -.'|:'r1:|ir|-t:.' ot wathour its |1r||'|1.'|, ms, either—nor the least
of which s that it ereds vo alienate sciemists who aren’t already panly svmpathetic,
We tieed another rerm for “reality™ that will work on owr cosstling, in the middle
berween realisis and comstrucrivista I shionld be close o “realiny” sice @05 an im-
portant wornd that we wouldnt want o get rid of all together. But the new wond
shoubd be somecthing whick breaks “realiny”™ up st the same tme, justa bic (And all
wee ieeel 1= qust o b, sinoe reality as a ooneept depends on absolute punity, zero
leakape between lacts and theeries, things and words, ohjects and practices, land
amd 2.} 5o instead of realiny, from now anowe'll e wrining (ko) realinny: When
vou speak it, vou can't biear the difference. We can go around talking about realithy,
jus as all the arher good sctensts doo You can only sze the difference inwnning,
where it mtroduces a difference inte the word-concept of reality in two ways, One
is gyuine lreral: realitey is am anagram of “altenny,” a word which signifies difference,
othernesa in general, inallits multiple forms, Aleriny is “the stare of being oiher ar
dilferem; diversity, otbermess.” Like reality, then, realitty s a kind of alien presence
thew canm mock owr wills and desires

The sccond difference incorporated in realitty is an imjection of tme, always
represenied in scientibic equations by thee Towercase nalic o Realndy i whan vou get
when you throw time into the equations of reality, IF reality abways stays the same,
bk wie believe that we approsch it ever more closely, realitty alwars changes. and
IR |.'|11;._'||.;r @ QST of nearness ged APy k. b ol suecessive 4'1FM'I'II'-I-&'I15!I]
practices and their successive fand secoessiuly ehooght-siyles.

The scwenoes today ane bener seen as a matter of re-producing realivty so that o
can be worked onand experimenied with, nosimply re-presenting realing so tha
it can be chought abous and endeestood. Why 5 science better seen that way? Why
open a book with such stodes? Or as Deweey askod cighty vears ago: *Sisce instoi-
mentalism admits that the wble is really there,” why make such a fuss abow
whether it is there as o means or as an cbhject of knowledge?™

Dewey [omkated a number of resporses we that question, bt the primary ane
was that the conventioral view ol science and the facts “commits us to a view tha

chiapge is i somee sense wnreal, sisce wltimate sl primary enutes, being simple,
do not permit of change. ™ Seeing entities like facts and things as complex rather
o simiple, as medioted and manufactered rader than ulimate and prinery, st

least hotds open the possibality of change. Flecks world is not divided in v he

doesn't need or want ws wo believe iy a separate or fuowre world of otal ot tha
can he approached. He only wants us o pay arennon o this world, 1o warch how
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we siyiize our observations and thoughis, o think about how facts emerge via ex-
perimentation, withoul making the metaphysicat leap to believing tha those ex-
penreme and those Taces ave leadirg us 1o some [aller realizano,

This doesnt mean thm u'-.'q‘1‘:.[|‘hi||g i= relative, or thar “all that is solid mehs inmo
air” Moetice how that famoeus aphonsm skips over the mddle wemm berween soful
mnd Zis, ]i.,{url.l. Lol again i Coastling Measure—ita nor abow the evaporlicn af
sulidivy; i ar smage ol solidicy and liguidiy and muddling throwgh in cheir midsi,
atl an onee

This docsnt mean that i woeuld be casy to make @ world withowr, say, electron
spin. Secing electron spin as the complicated sign-tome of realinty that Foymman
visualizes, pives it e less stabilioy than seciog it as a simple brate existence in re-
abaty But it doses allow vs o see that as mathemarics slowly changes, as mstruments
become diferent, as the ensemble of physical theores in whech “spim® 15 an im
TTARE 10T CONEinUes to evislve, 3 new fact is someday going o emerge 1o replace
clectron span, just as guantum-mechanical ¢lectrons have replaced the mmiature
b liandd Balls of clazsical phvaics, It means thar realinry will change, Because thars
what realithy does hes:.

Moreover, shifting the focus of our thoughi-sevle from realivy 1o realitey migla
betwer allow people to sk such questions as: 1 we'se told that a dehnite low level
of benzens in our drinking water in fact poses o risk to healih, what realiny does
such @ ataremment depend on, or belong w? Inowhar realiny is & starement like
vefligence s gonetic”™ a Lol rienal ene—and are there any tber realisries that

e @5 el b pet more sense?

It ot a perfect invention, this word-concept, It doesn’t do everything we wan
it bar by, a1 wall ooy daselst dos teo many distucbing things loe othess. The coast-
Temve of 1he weiences is a tumulioous, uocemam |1|-h'-.'- [Dises a r-.1|_|-::. r\-;':1|.|r||3 indeed

Tuaarbwer & kind of truth, sepve as a reliahle Tace? To paraphrase Jobn Wheeker again,

there’s omly one w

i bell start it vp, ond see if it doesnt po.

O stovies sl Tamows scientists ard their scienafic achievenwenis are Ier
than the conventional accounts becavse ours are grounded in & comples realiry
irsead ol pultey reality. The sciences themselves are better when they ate situsted
in realindy. Realney is neither discoversd nor constructed. it is pursued and per-
lormeed; w pursues the scicniist. Realitty s never perlect nor dinect, but absays in-
diresi—which is pretty damn good. Bealiery is completely Other, inhuman,
overwhelming, inexhaustble Maware; it s nothing witkout us. RBeabitty resists ut-
werly; it yields supplely, Reativy is the beginnng and end of experimenting,
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Articulating

Sacramental Swan

Grepory Bateson was what weas Grepory Bateson? An anthropologisr studying
human culture? An ethologist observing animal behavior? A philosopher ploying
with ideas? A tkeorencal biclogizn enmeshed mobe social and inelleconat feedback

love

a of cyhemetics
5 hard v =ay exactly what Gregory Bateson was, which s why we begin this
chapter wath him, The questions we'll be staying close 1o in this chapter have @ do

with the problem of saving things exacilyv. 11 is true, as Max Planck angued, that we
can never hove divece knowledge of the “real outer world,” does that nwean thar all
of our indirca knowledge is, in some sense, inexact as well? Can (he sciences—at
leask some of whinch are relermed o, sotmelimaess, a8 Tthe exacl soences ' —ever say
something exacthy? If they can, what tanguage do they use? Are the answers they
wive inresponse o really? guestions spoken in mathematics? 5

The sprme laneunee thar swe wse loe novels, poetey, road siers, and conversation? Or
TLEy f ¥ A

yimbsolie Togic?

sorme combination of all of these? And a less cbuaous but egually importan gues-
tion: when the sciences maka these kinds of speeches about whats realty real, on
what platform do they stand?

When Richard Fevmman tned 1o ariculate how be visnalized the woerd when
he was dotng phivsics, and in particular, how he “siw” clectron spin, we could sav
thun he was speaking metaphoncallv, Shoulil all stements abone realiny, then, be
taken us metaphors? That s, i the wal really 8 metaphor? That would be 2 very
unmetaphorical way of asking the questien and world demand something ke an
equally unmetaphoncal yes or no answer. Mavbe there: another, less exact and
less direct way to pursue ithe questions of exactness, language, and the sciences.

Consider Bateson trying 1o axplain 1o his daughter what it meeans to speak m
metaphors, in wrms of sometbing being sor ol something else. They stan their di-
alogue—in fact, “sort of” a dialegue, since Bateson wrote it himsell, for his hook
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Steps o an Ecology of Mird—bvy looking ot how 2 baller dancer can sometimes be a
sort of swan, and then nove to the question of transubstaniation:

Father: And then there i= that other son of relationship which is emphat-
ically ot “sert ol Many men have gone 1w the stake for the proposition
that the bresd and wine are mor “som ol the bady and blood. ... 1 we
conld say clearly what is meant by the proposition “the bread and wine is
st sort of” the body and bleod,” thern we should know more about whan
we mean when we zay either that the swan is “son ol ™ buman or that the
Frallel is a sacrament

Prpsaghrer: Well, how doyou el ibe dillerence?
F: Which dillerence?

I¥ Between a sacrament and a metaphor

F:. . Well=1 think its sem of 2 secrer

[x Do v mean vor won't tell med

F: No—it's not that soet of secret, Ir's net something that one mast not
tell, Ins something that one canot iell,

£ wWhat do you mean? Why not?

E: Let us suppose | ashed the dancer, “Biss X, tell me, tha dance which
vou preeforni—is it for you a sacrament of 2 mere metaghor?™ And et us
imagine thar T can make this questzon imelligible. She will perhaps put
me ofl by saying, “You saw t—it 5 for vou o decide, b you want 1o,
whether or now it is secramental lor you,” Or she might say, “Sometimes it
15 and sometimes it isnt” Or “How was [, lase night?” But in any case she
can have no direct control over the marter.

Ul srart again, The swan higune is nor g real swan bura r‘:hrrq_'nd SwWan
It is also a pretend-not human being 1 s also “really” 2 young lady wear-
ing @ white deess. And a real swan would resemible o young bsdy in ceritin
wWiy's.
I¥ Bug which of these is sacramental?

F b Lord, here we go asain, Tean only say this: that i is s cne of these
staements but their combimation which constilutes & sacrament, The
'|'|nr|;r-;'1:|.I" and the 'pn_'n'n-;i-r'lnl_' .|||:..E the "r|;:|||_-," a0t el ruf.l.;l.} l4i=
geiber into a single meaning.

I3 Bug we ought 10 keep them separane

F:es. Thar is whar the logicians and the scientista oy to do. Bee they do
not crente ballets that wav-—nor sacnunents.”
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A good muddling soiennisz, when asked il she bs saying comething “really” true
about natwee, or just semething “ser ol tree, will know that she cani sy (She
also knows that he has 1o sy sonething. alier she rolls her eves, invokes the deity,
and e hersell to starr over again and then apain. ivs what Bateson would

have called a double bind: knowing that she can® say wiat s asked of ber, and
|'.|1nw||:g 1hum she st ESR It She can'l savy’ s cither real or h|4'l,.|]:-||-.|rn.|| becanse
shan knd of distinciion is a secret, som of, 1% ret that the soientist knows the Jdil-
[erenoe between the real and the metaphoncal, but won® say; nor is it the case thar
iher soientist doesnt konow, and socant say the distinetion. 10s more like she knows,
but can't say because she doesn't know that she nows,

O, Lol it i terms tadien from Ludwie Witgensein, who thoughe long and
hard shout what 11 mesins wotry 10 say something exsctly: The staternent that
would speals the distinction bevween the real and the metaphoric cannot be part of
the system of real and metaphone starements; o is outside thar systemr and hence
unspeakable. You can try to make such distinctrons and. oddhy enough, s mypor-
van e sry B at the same tive, vou dio son make art or seeraments that way, And
vou don't make the sciences that way, excher,

Transpurency

We ivented the word realitny 1o stay close @ the question “real or construcred?”
rather than 1o resolve fi—to keep our eves on the coliusions berween things and
theughis, thowghis aod expenments, amd Bos amd (theenes, Mow we aiove on to
do some experimenting with this lamer teem, theory,

W know now Uhat the ideal prctore of Taoldimg wp Oay either Togical deduciion
or induction) ;]1|'.1'.:|::.;. iz ing 1.11|:.:rj.' oat of dull, |,|.|r'|:-.'~ brute facrs juss
doesnt capiure the messiness or nichness o the scienific method,” Bven the mosr
cummnisdgeonly philosophers of science, such as Sir Karl Popper, kinow that theo-
rizing is mever simply a mraner of induction frorm empirical faces, but is o more elu-
shve and less perfealy raional process that might even mvolve the imag naton

Can we sy what theory i exealy, then? Stating with the dictiomary meanings,
we gickly mum e treuhle, irying so reconcile vanous definstions ramgng from “a
coberent group of penem] propesitions” to “guess or conjecture.” Wherever it [its
i this spectramn, it looks as thowgh theery is located in another world, and applied
ww this ome: Seunds good m theory, but will it work m pracice? A theory 15 “abstroct,”
mingd-ssull, mot of this matenal world, Theery is just o st of stemems, disgrams
and equations in a manuserpt, words on a page representing ideas inthe air.

The wonds roots o the Creek theorein, meanng e view,” are oo less nddled
wath dillerent imerpretive pessibihties. But that older defmition az least brings into
view the tdea that owr habiteab ways of thinking abowt “theory™ are tied up with di-
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rect visual percepion—images of Muesination, enlightenment, eves, and less di-
rectly, mind. 1S hard to cven think of the words "theory” and “theerizing”™ without
getting the inage of someones head with a lght el over it Theory i pan ol an
ideal realim thar is as secmingly insubstantial as ligh issel.

Imptict within these conceptual habins of theory as iomsatenal bight is a Garmily
eof ideas tied 1o the nation |.1rlTiI.|I'\F:I:Ir|:':II|.'}'. Theores in the sciences ang like '||,'r1;u|;.'\..
which enable us 10 feus on the real world or on mah, withowt disterion. Eike
leght, the real and the e pass directly o our eves via sdemific theomes. The pev-
ileped access to the real wanld that we grant 1o the sciences is presumed 1o be,
must b, unmediated. That's exactly why we privilege them: the sciences give us
diveat ovcess o the peal, with nore of the cofermion, dilfracion or ather disoring
effects of technologges, subyectavines, or cultural or ovher imerpretive factors, Mo
shadow should fall between the eye and the thing, between the idea and the acm
akily

Bt why? What 15 the danger of mediation that it evokes such hommor? Because
it arams with the idealizarion of tmansparency, mediaton i che conventional view
can anly he conceved negatively: to be mediated, 1o be in the middle is 1o he
fallen, to deny or 1o kave been denied the pure illumination of ehjects. (The subile
force of religions culiure is ab work here in this pan of the sciences.) When the
pesitive ideal is the absolute transparency of the “scientilic perspective,” a medi-
atzd and lmired perspective can only he abow disrontion, the imrusion of gmor,
the presence of poliwion, the insertion of ideolegy or political lorce between us
and ir. Thas milsldle space must be excluded because only bad things can happen
there; the middle can only be impure amd comaminated. Tdeally, a sciensibic in-
strumenl like a telescope or pasticle detecion, or g scientific theory Tike evolution
]1} rratural \.|:|4,'|:'[|-.:|:1. should ade way arud allowar Iflung\, ot fects to I\:|1|c:|||-: four 1 hem-
selves

Lets be clear about the productive qualities of such an wdeal. It always has
promped scienists te do thelr best work, making them obsessed with g proper
funectionieg of thear instruments. A good soents s dedicaied w geming instm-
ments 1o “wotk properly” and prodisce “good dana.” That is ehe exhilarsting, [nes-
rating, demanding, and sdmirable work that goes on every dav in hundreds of
labomtories, observatorics, and beld sites around the globe. Milltkon would have
never defined the charge of the electron il he had noa pamstakingly tinkered wink
s expenmental apparatus, checked and rechecked observations made with o,
patently gone over caloulabens, Spare and warcliable as Coperniouss ohserva-
tional data were, they nevertheless demanded that he refine his mathematical and
georneirical tools and assumpuions. Samlarly, Chromatic abermuon and other ef
lects of poorty crafted lenses were problems thar plageed observation of cosma-
logical and macroscopical wealisy for hundreds of years—amd that we learned 1a
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golve. You didn’t have to be an expert in opeics wo see the difference in those before-
and-after photegraphs Irom the repair of the Hubhble Spece Telescope s they made
thair iumphat appearance in the media. Somehow we know the dilference be-
vween & bad phoo of the edge of the known universe, and a good one,

Bt why dhoswoe shunsk that, tens of millions of dallars and a space shuntle imssion
lazer, an cnornans artay :'-ri1|‘1-1ll'-|_||.1|;-: Lo, Commputes acltwate and hardware, and
iheusands of other hand and soft components suddenly vermed cranspanent and al-
lowed us ta see exactly, dircatly what the edge of the universe really looks like?
Why alo we think thar we were secing divectly, for the first time, @ pan of realiny
that wee bad mever seen belore? Could we mstead be sanshed with knowing that we
had comsed trae ome world o praee of realiny thia bidn® been hene hefone? And jus
what, foor heavens sake, conald that mean?

Articulating “Articulating”

To stay close 1o these questions, we need 2 few more allernative words, Articalare,
articudation, and arficdaning mighr be made 1o carry a ditferent set of associations
from thoze of “theory™ and “thecrizing.” Articulate has a number of meanings, as
hoth adjective and verb, and the ensemble of these meentngs gives us a better set

hink

of working concepts lor relormulating bow we use theory, and how we
abworel wial b s,

First are those meanings that revolve around language. To be aniculate is o be
“epncdowed with the power of speech,” or 10 be capable of “expressang onesell easaly
in clear and effective language.” To aniculae is to give wonds 1o, o oy weapress,
describe, or invenl sometbusg that wasnt previowsly o part of Tinguage or thought
It I:|1;:|:lr1_. 14 The mermal Lasing werel r-,'|1r|._"u,:r|.r:1riur:| of aev illurmmared world “ou
shere,” then an aiculation is something one speaks rarther than sces, (hat i3 ex-
pressed rather than miarrored. An anticulation is something put as adequately as
possible imo words, raber than something seon in its vee natune

Then thene are the anatomical or stroctural senses of “artculate"—disparie ar-
ticles jodtmed into o larger, sepmented strucloge. lovigine o lobster, or a Rube
Cioldberg contraprion. U invelves hinges where disparate elements tum on 2ach
other, nding new leverage pomts, crealing new angles and forces. 1 theory is a
memal consirucy, then an aniculation is corporeal, an arganic or mechanical (or
some hybrid, m-between form of these) structure in which daflerent parts meet
and rub agpinst sach oiher. Thers are tensions and fonciens, squeaky wheels, gen-
crated heat, noisy crashes and slips—yer there is an overall ability to accomplish
of produce something unporant w ws

To think in termis of the armicutations of science rather than scientific theonies,

of antculating rather then theonzing, would restore questions about the mpor-
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ange of language to the domains of the sciences, and guestions about our abiliny
i sy things exsctly, Thinking in wcrms of articulaiions would also help us pursae
scbences imowhich theory bs less a s of sdess dhal somehow mivror the world, and
g o comraption of different pans, lnnmanly designed within

o an assemd
he wordd o do centaim Kinds of work

Theories in the sciences are lobarerlile entities made our of |.|.v;.[1.l:r:|.1 e heren e
nows ehements, incheding nembers, relanonships, machined metal, purified en-
Fymes, hazy concepls, precise and imprecise metaphors, and many ciher things
ard nanthings, The sciences are “sience™ not becawse they relleo or transparem |y
vransmit the world, but because their many arnculated comnections ensble them to
crvwl around, cluching and poking, wathin thin warkd

These are tather shstract arwulaions of what sricuiaten invobees. The rest of
this chapter feshes out this stanting seructure, wdding example wpon example o
show why i is better to think of the sciences as swolving mediated amicularions,
rather 1than immediste, transparent theorees. i we can lean to keep the terms ot
miedi
ticulated, even down to the very rail of the [ohster, then we will he berter equipped

i view and i oguestion, to rsck down all the things thar are beimg ar-

for the kinds of critleal inguiry inte the sclences thar demaocratie sociery new
sorely needs

Pens, Swords, Tongues, and Politcs

“Cormrwersye [s o Civill Wi with the Pen wliich pulbs out the sorde soone afteraands.”
Larl o Newoastle o Keng Chetrles

Ita the ferst chapier we saw b The mew I_'h[:ll..,'rllrli'HIJli\I'\. il I\-..."\.-';'r|.||._'|..'||'|}'|--|:\1'|11||.r:.-'

Frgland were crenting a new discipline and Tomm of sciemific knowledge, which

they called matural philosaphy. Here we tke up s
vigw (o encompass (he brosder soi of ariculanons within which experimentanion
was ernbedded. Why wis expenmentation persuastve? What was particularly

] |L"'F'II{' .'.E:lil'l. I.‘"i'lk'l'l".lll'lg [RLtly

viluable aboun i, and the kinds of knowledize which it vielded? Can experiment-
ing b vabuable now for the same reasons?

When Charbes { was restored w the English throne in 1660, overt civil war
mighi have eradeil, but dissension and comtroversial beliefs of all manner remained
pervasive threats to el order. Anything having to do with the belels or knowl-
edge clams underdving poliics, religion, Tew, or the naicsl world was o macer of
vital social eoncern. The Unitormicy Act against dissemt in religion resufled in the
formitl expulsion frem thete posts in 1663 of hondreds ol manisters Tom
Preshvternan, Amibapiist, and other secis, Laws were enacted o enforce fealy
oaths o the kang, and agamst *sedition in prnt.” The number of heensed printers
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was cul feom seay 1o ewenty, and placed under the amhority of the Archbishop of
Canterbury and 1he Bishop of London, In the words of one licensing olbicial,
“|'TIhe spirit of hypocrisy, scandat, malice, error and ilusion thar achieved the lae
rebellion was reigmng atill. ™ The new “collee-luoses™ were |||J-. ed wnder sumegil-
lamce as potentially danperous meeting places of sectanan groups.

Thus when Charles 11 Fr::rlr-n::l 1o the |'|-:'w|.':; lounded 'R-:1:|.':|.| Society the rghe of
assembly, the right to cormespond with Foretga members, and the mighe i publish
without eensorship (see 1o mentton thives hke the dght 10 dissece the corpses of
prisorers? ivs undersiemdable tha he would want ceraim assurnces inexchange
The Royal Society intended, in the words of Robert Hooke, pioneer microscopist
and dralter of the Roval Secienys charter, W improve the konowledze of natural
things, and all vseful Ars, Manulactures, Mechanics, Prctices, Engynes and
Inventions by Experdment™—and it would do so without “meddling wih Divinity,
Metaphy=ics, Moralls, Politicks, Grammar, Rhetone, or Logick. ™

A divide was forming, with knowledge (armived ot through expenment) on one
side and power Gin interestingly diverse forms) on the ether. (0% a divide o which
we will retum in the next chapter.) Yer even though such a division was indeed
emerging, its cross-border traffic was not so much nosesistent a8 very consciously
managed-—arylized, even. Thomas Spracs History of the Roval Sacieny com pased the
new lowses ol experinsent teoa theater, where disputes could be sately staged:
“There we behold an unuzual =ight e Frolish Nadon, thag men of disagrecing
partics, and ways of file, have forgonen wo bane, and have met in the wanimons
advancement of the sarme Works, - [ gives as rooms toodiflere, warhost animaos-
vy, and permits us, o mise contrary insginations wpor it without any danger of
s il W™ Experimental knowledge was literally o type of cnactment, designed
B F:H;r'llr!ﬁ the kinds of acts on the srage of |-Lr|..|1.'-.]c|.|.;y; thar shouled be ermulated in
ihe larper house of power, even while insisting tha the two spheres were separase.

Differing “contmry imagnations ™ —different theories, in other wonds, or differem
anjeuiaticrs—aoould be managed by unlinking or disanicularing them from the
eapermmental productum of “unanimous” lects. Cheek your polines an the door

and witness the production of consensus inside; no only would you prodisce Lhe
hest possitde knowliedge, bul voo would enact the social ideal for managng—in-
deed, climinaling=conlmversy.

Apreeing W exclude controversial discussions or anmalyses of “Divinity,
Metaphysics, Moralls, and Politcks® 15 one land of deal, perhaps even an under-
standalile one in light of the violemly contentions tomes. But what shreat e onder,
civil or atherwise, was percerved in “Grammar, Rheteric, or Logick™ What was it
about language that ked Spea w remark in lus bistory that “iobe Troth wall e ob
tam'd between (menl; which may be as seuch promoted by the contention of

s ?

hands, and eyes; as i s commonly imjur'd by those of Tong
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Enter Thonums Hobbes,” Hobbes shared some ol the expenmenaliss” values.
He was convineed that the production of knowledige could be entrusted only to
gentlemen, wnd that these perilemen should avoid “conemelious anguage.” Only
cosob e s and proper manners could prevail, Bor they wene nocessary for the ex-
ervise of judgmem (e topic of Chaper 41

It canmnot be expected that there should be much soience of any kind in a
man that wanteth judgment; snor judgment in o man that knaweth not
the mansers due to a peblic disputaion in writing: whercin the scope of
either pary ough w be mo other than the examinaion and manifestation
of the truth.'

But unlifee Robent Boyle and other members of the Royel Sociewy, truth for
Hobkes could mor e manifested by expermenting, Hobhes arpued thar by avoid
g issues and questions of language and logic, or reason, and Eecusing only on ex
perimental s sapposedly unencumbered by meaphysios, Bovle and the Roval
Society could never arrive at real knowledge (and therefore, real intellectual and
soctal order’. Towasn'ta mater of gewing rul of metaphysical language, comended
Hobbes, or puicing it ofl-stage. but of finding the proper metaphysical lainguage
That rival interpretations of an experimental phenomenoen such as “the vacuem®
were possthle proved the necessity of such a proper language 1o Hobaes, if some-
thing fike true knowledge was ever poing e be had.

T moddel of such a proper Lingaege for Hebbes was geomdtne Why geome-
ery? In part because it was, according to Hobbes, "the onby science that it hath
plesesedd oo hitherie to bestow an mankind.” Bet more anportant than s divine
r1r||_;ir:| weas Lhe Fact tha peamELry |’!-r\-:l'r1;!l_'|.[ isrelurable sesubs and |J|:1|:||_|.'!.||.9-r|.'|'|'||c
truthe, “AI men by namore resson afiboe, and well,” Hobbwes anrued inhis Levioahan,
“when they have good principles.” Geometry was a better staging of how seel
centroversy wits o be managed than experiments were becawse it showed dhehe
only way to reack agredment was (o stard moagreement on fundaimental principles,
amnd rewson [rom there, Moreover—and herels where Hobbess angument takes an
interesting twist—at the solid foundation of geometry were delinitions of words
“Sentling the spnitication | .. of wonds” and “placling] them ot the beginning ol
reckoning” was Hobbe first methodological principle, From there, “right reason”
wonle over, an entirely siraightlorward affair of “adding and subtracung, of the con-
sequences of general names agreed epon [or the marking and signifving of our
theughes,” Experimental lacts were to Hohbes “nothing else, but sense and mem
o™ They couddm serve as the basis of kinowledge, let alone as the hosis for re
solving social disputes. In other words, Hobbes knew that experimenting had to
be arntewfated, joined w language via language.
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Of courze, Hobbes had a rmber suthoriterian view ol laaguage, as of moa

evervihing else. Bui owr goal here is not 1o side with either Holibes o the experi-
mentalists, et g carve owl some working principles somewhere in between
it,
15 a complicated and commdictony space, amd does not lend iesell o simple con-

Sevemeenbi-cenrury England, and the rsg of the experimemtal sciences withi
g

cliesions and s wicl By, BT ouy essons, Onthe one .|1JI:|I.I.| e can admire T the
experimentalists eschewed discussion of "true cruses” i favor of probable expla-

nations. As we emphiastze i Chapters 1 and 3, there is something in this sesthetie

of knowledee tha s well wonh preserving bs {potential? sense of medeszy, fini-
tude, and tokerance of difference. History has certainly shown that expenmenting
cinn irdeed be o wonderful source of new things and new ideas, and can bocak up
ol habits of knowledie and power, However impertect or uneven, expenmental
science is an immensely valuable antiauthorianan resource i many situations.
{And m other situaiions, not.)

Om the other hand. we can hold our noses and take an mmportant lesson from
e Ty odwies Hobbes: Limguage matters. Language is essential e reasan, and
can't be gotten nid of o eamly with a tew new machines. Somewhere along the
lme-—no maner how long thae line —every experiment, every mathematical
equation, every pure numenical value will have 1o hind its way into words. Bur
tather than share Hobbess itk that linding te one proper langeage aod reason
wiall guarantee knowledge, we only insist thar aienrion be paid 10 1he varieties of
lamguage anticulations in the scicnces, amnd their elfeas. 1 the question lor Hebbes
wiks what constnuted proper Rnggueage, (he guestion lor us 16 how Bnguages -
ticipate in making koowledges proper. That unavoidably awhoward-sounding
guestion =its solidly o the moddled wddle Between Boyvle and Hobhes, and is one

v wehich, imovarious WALYS, the rermsinder of this |:_'h:l|"|||.;:l' sliws close

Copernicus Revisited
I the prestous chapter we began o mone compheated story ol what Copernicus
wats Loy to do with his boolk, Dy sevelitistine, and how he though he could da
it. Was he merely tryving 1o “save the appearances,” 1o simply provide o possible,
waorking model that would explainthe apparent movement ol the plasets? Did he
see directly to the truh of empincal planeiary motons, bis eves and mind un-
clouded by philosophical or rehgrons docinnes? Did he see himsell i opposioon
o the Church and religous dogima, instantiatiog & new onder of touth?

What histonan of science Robent Westman calls the Volgar Triumphalist ver
sion of Copernicus no longer holds up anwong prolessional histovians, abthough
vou can s1ill bind it in science texabooks, popular magazines and newspapers, and

the popular writings of scientists tod
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I owr culiure, Coperpicus 2 adentibed as a scienni= allied wath the tnuth, a
man whoe delied the pricsts and their traditional, [alse b
learrwed and continue to each our children in sehool. We'd likee to offer a differen
story, a version of history hoth beuer grounded inthe Gecas, and berter able 1o help

[, This is whal we

s undlerstand the sciences i productive ways, Inthis story Copernicus stamds
formly in Between the on 1.1:-|,'|.| s ol SCACnList and s, arsd STETHOE ,'l.l':,l tradi
1 (4} i

thom; iFanything, this partreval showld make him more admirable, not less

Copernics lived kis ennire hife 25 a churek olfieial, a conan it ¢ g of such
things as becal military defenses and health care. This position covided him w eol-
lect remt rom the local peasants. As was vsually the case durng the bte Ren-
arssarwce, he obtained this office and the kimd of vpward moblioy & allerded
through family connections. He fusther upped bis mcome when s uncle, the
bishop of Varmia, appemted bim 1o the posttion of scholaster atthe Church of the
Huoly Cross in Breslan, Had Copermicus chosen 1o do so, ke might have made a ca-
reer moeve into the papal bureaucracy in Bome.

He chose a maore mibddle parh, bowever, pursuing astronomy and mathemarics
whete maintaining his church ofhces and seeking further patronage from the larger
church svstem. Here's where the history of science, veligion, and humanism come
tagether in an interesting and produciive iorerseciion,

Historical anghyses of 1the University of Cracow have aniculated the profound
innellectual and cultural shifis wmking ptace i the carly sixeenth century—larger

ch

s of which Copemives was one saell pan, Theee, at one of the greacss of
the medieval unmversities, Copernens nob only seagred 1he benelins ol one of the
bt laculties in mashematics and astronomy but was also exposed te the new "crit

el hurmanistic altitiwde which wis tarsforming older cultieral and educagonal
valwes. ™ The new humaniss of the bae fifieenth and sixteenth conuries—lovers
of lamgueage and experis in Roman and Greek pocery, philosophy, and mosal amd
st Lo

crvic literature—placed themselves in senace (ofien ns diplomatie emisss
the papal conre, Copermicies, then, didn® come ow of nowhere, the bone hera ol
sutence whao singhe-handedty provided the marenal to overhoow a repressiee tra-
dition. He was one of guey who anended the aniversities w0 Crcow and else-
where, and who would collectvely translorm the entire cultural and imellectual
clirmate. And Copernicus obtained a whole bag {ull of teols and skills o belp in
ihis translormanion—"sclence” was just one pan of it

Copermicus atso had a network. Pope Clement Yil's secretary, Johann Albrechs
Widmanstetter, was one of these humanists, who explaned Copernicus’ theonie
to the pope and his associates. In exchange tor these services, Clement gave
Widmansteter a gift as well—ao 2 religious treaise, bur a Greek manuscript of
soienlific eszays. This gift illustrates the need 1o resist easy oppositions between
“chwrch™ and “soence” at this dme. Another cardinal whom Widmansieiter
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served, Nicholas Schanberg, wiote to Copernicus in 1936 and ashed him o send

a copy of
leter imo ¢ revolutionibus Between the tille page and his prefoce w the pope, in
elfecy .|||:1'|l.'illg Cardinal Schonberyg to announce Copernicuss "new account of the

tis manescript o Bome. Inoastrategic move, Copernicus inserted this

Winrdd™: “1n i you teach that the earth moves,” wrote Schanberg in s letrer, “that
1he sun DeCLpes the loweest, and thus the |1|i.']||!1;I |r|_||:'|; in the universe,™

Comrary toowhar the "prefce™ ol his editor Csander mighi suggest, then, it seems

1 Copernicies did indecd want 1o say that the canth reafly moves and the sun re
ally weas 31 the “middie” of the universe—alibough be let the cardinat say it for him
hirst. (AR the time philesophers and other professional classibiers consudened as-
pronery iself w ke a “middle soicnce.” sadwiched berween physics and mathe-
matics, and thus somewhat Sess pure and lower mostus than cinher of those
purswits.} Far From actineg the defiznt hero against the church, Copernicus was an-
gling for papal acceprance and patronage.

But only somewhat. The pope at the nme, Paul 1], came trom 2 wealthy noble
Ty, b pane 1o school ar the University of Pisa, anc was kiown as a poer, a
widely read scholar, and an ahcionado of astronomy (He alse heiped mitiate the
Foman Inguisition } Copernicus conld fave easily placed Rimsell in service 1o
him; one astronomer who made favorable pstrological predictions for Paut 118 (re
member, astronomy and astrolegy were entangled ae this time) was amply ne-
warded, Perhaps because be wanted to associate himself more clocely wigh the

church bureaueracy’s humanis comtingent, which didnt think highly of astrofogy,
Caopermneus dish not follow this example.

Instead, his prelace 10 De revelutionibus was an impressive concazenation of the

supbisticated chetorical devices Gromy, conlession, amtitheses? and tropes (knowl-
cdpe us 2 -<|:-|i'l.||'y visage, an aesthene of cosmic |:h"|ur:|l_'|:|.:.:1'.|;.\.\.'! then affered by
hmanast literature. The preface was meant w peeiiade, (o suldly convinee the
pope as well os ether ceaders of the veracity of a difhcolt and controversial anpu-
memt—ian ergurment that did no, and could oo, proceed en che basis of evidence
or reasom alone. Copermious embedded melerences 10 Homee in his text, a favomte
author ol the pope and other hurmanisa schoelars, He made sabile allusions i favor
of the pope and against Martin Luther.

Even this moere complicated version el Copernicos and bis strategies is some
what stmplified. We recommend a reading of the full anicle by Robert Westman
Irom which we've drawn this matenal. Westman concludes that Copernicus

anmed Lo solicr reform sentzment from ameng eese i cthe church whio

.- valued the mixved mabemarnical disciplines hut saw them os needing
renewal thrcugh o return oo purified ancent adimion. - His e
[ormist rhetone was not stridentdy polemical; it was genily Hoeratian and
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Erasmiany an end io controversy ameny ssronomers, an imernal cadre of
humanist mathematicians to reform church teaching on the heavens by
providing tree prnciples from which planctary omder and calendneal ac-
curacy could be restored | the entive enterprise wbe Tegiamoted by puapal
authority and by appeal 100 hrogd rangs ol ancient, pagan soices, The
appreach evolies Erasmuss broad reconciliation of Chnstian and pagan
leners in o phifesophio Cleisti—a libe of Loy piewe modeled on e true life
of Chrssr, .

In De evolurionibus, Copernicns sought te bring the individual pans
of the universe into concordance with a sun that he descnbed o his ec-
clesiastical audience in the most classical, pagan frmages, ot as the gen-
erative o emanative fore of the Neoplatonists bt ranher s a propery
placed lamp or lanmern, an eve, 2 mund, an enthroned king, a visihle god

His choice of language and imagery pointed the church away from me-
sliative, astrological influezces snd instead retarned it ad fosies, w an an-
cierst truthe the prmitive ozder ol the coeagion. "

Copermicus mticifared, in other words, He didnt simply theorize a new cos-
mology, he joined vogether old obzervations, traditonal notions of order and sym-
metry, new humanist rhetoric and new physical-mathematical concepts, the pious
lifie ol a believer, and appeals to papal patronage and protections. 1is of course stll
possible to say, a8 seience parisas would, that these are “ouside” forces, imaidental
to the “real” science and mathematics that mabe wp the buik of D revolicionibus.
Biat incidental v whaomn? They cenainly weren's incwdental 1w Copernlous, and we
don’t think they should be incidental 1o us. The Copernican achicvenent was o
prickzee deal, and even il fus dretoncal strategies didn® mess up or bias the physi-
cal-marhenzutical avslem, newther are they >.|,|.|xr||u-:|||.s\. W needd 1o undersiamd
thetoric, the historical conrest, and the cultucal and political scene 1o meke lver
sense of the way the whole system of “truth” operates: what gives i ns foroe, wha
makes i perswsive, and what makes ivwork,

Like sclendists, historians are always retwrning (o bump their beads agamns
crIsling, rmaterials over g over, and cach tine t'n-."; |'.mr:|:;1 with them sew inter-
pretive skills, mew dat, new perspectives, 100 was cace difficub to cralt s histor-
ical Copernicus who was snything other than the hereie, opposivonal. pure
scienuist, we're now able wo cast him differenily. as expert muddler: an adept
miner of math and rhetone, church retorm and disciplinary relorm, new truths

and old, seform aod vadieon, change and conservatism, the radically new and
the absolutely primitive. Like all scientisis {and historians), Copernicus had to
maticulate & kind of sweeping narrative within which his science made sense. I
was nat the narrative of “vulgar iriumphalism® so popular ieday amoeng science
purists, bur of subtie, binding conpections bavween religious, cuttural, and s
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entilic wdeals which, taken together, would stabilize and awhorize a social order
that was hoth old snd new.

Clarity as Hlusion: frs Reigning DNA
Copernicis aricnlared a hroad, ovverar ||i|||,: narralive as part ol lvis oot le, bauar 1heis
is o the only way in which language is vital toahe sciences. Language also works
within the seienees al mperobevels, Heve we tabke ancther approach te the quesions
aho sayimg things exaaly and plainly—tha s, withowr meraphor—thar we
started toexplore with Batesons dialogue

The dizece truths of the sciences, sevealed through seemingly transparso weh-
nologes and methods, are supposed to be literal and self-evdent, as plain as the
nozse on vour lace. This is why today, for saentsts like Rachard Dawlkins who wite
popular baoks, the word “plan” has a place of pamioular honor and impoenance
“My own boeoks have been both pepularizations of matenal alteady famubiar to sei-
enmats and onginal contributiens o the feld which have changed the way scien-
usts think,” Dawkins has told an interviewer, “albeit they havent appeared in
scientific journals or been languaged up with incomprehensible jargon. They've

1k

beern written 1n teres that any ||11c|||!:\=-n': person can understand,™™ The |:!'.;1[u..1-
tion here i that soience deesnt have o be hard or alsonuse, nol only can it e
translaie into plain language—or maybe “languaged down™ would be more com-

prebensible—but ernslated such tha the terms preserve theie original, wneguive-
col meantng for any Gmelligent) person,

Beet e atd bess than what it seems to say, which is

n language says hoth

why i ments shepticism and close soruting: Asked by the same inferviewer about
Dawkinss wrlk, CULTPRLEL SIS W Damie! Hilkis commenied: “hly nri|:,' CrTl-
plainit abomr Dawkins is that e explains bis ideas too clearly, People whao read his
books often walle away with an sllusion of things being much simpler than they ac-
nelly are, . Chariny, then, can be o form of illusion, and ofien comes ahe
price of necessary complexity: Une of the complex things thar Daswleins moess fre-
guently covers up—indeed., it is o covering up that amounts o peihaps his mos
signiftcant coninbution to1he soences—is the organism

in his book The Bind Wiichmaker, Dawkins spirs on inooge that comses close to
summing up his scienrifie viewpaoine

[t is raining DNA owside. - ., Upand down the canal, a5 far as my hinoc-
wlars can reach, the water is white with fosting conony flecks, . . The
cotton wool 15 made mostly of cellulose, and o dwarls the uny capsule
that containg the DMA, the geretic information. . .. I is the DMNA thm
matters. The whoele perlormance, cotton woeol, carkins, wee and all, is
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aid of one thing and one thing only. the spreading of DMNA. This s pot a
metaphar, it 15 the plan truth. It coutdn't be any plainer it @ were Faming
”\'IE'IF'I]' disks,

This 15 guute the vision, a plain vision (@ssisted by presumably eranspament
binoculars) that sees behingd ke illusions where less well-irined £Yes |Ili:|:|'ll
Tisger Bt leerary theorist Richard Dovle sees someihing ol=e going oo i this pas-
sage. Doyle analyzes the ways in which language works (and doesn’t work? within
the life sciences oday, and contends thar “rhis vision hides as much as it reveals

the “progmm’ or floppy disk of 8% s not wself sefhoent lor life. The ‘faff’
thae Daswkins disparages in the mame of ‘plain ok’ i more than a meee busk or
tool; mits mevement and ‘performance,’ n literally makes hie possible. Ina sense,
it is nomsensical, or at least conainly not ‘the plain truth,” 1o speak of the spread of
DA wathour remembenng the spread of organisms, ™ Ome might just as sensibly
saw, 1t 15 the “thutl thar matters. All DNA coding and transcription = in ad of one
thing and coe thing enly, the spreading of Meff "

S0 [Dawlkms says less than he shoubd, but also mote. In the name of plain
speech and tansparent wruth, Dawlins muesrers o whole senes of meraphors. He
“svstematicaliy deploys metaphors while refusing them,” as Doyle puis it. Tha
comradictory impulze resalis from the fact that lanewape within the sciences, il it
i5 1o b ar all productive of thowghe, is inescapably metaphorical,

I ehis and vther examples from Tis book On Bevend Living, Doyle gives us an-
other language with whech o amiculate how the lile sclences work, via both the
“hardware” ol experimental wechnologics and the *sofiware” of language, Drawing
ansuch computer metaphons = idicative of the strategaes and necessities of both

Diw lew et ang the s of 1he life scienees h'-li.'lg.: 'q.:..':ll:lhill'lid Clhwhmdiz

L
recombinant emleavors. Tmegine 4 software program withow the machinery of 2
computer—its not very interesting or elfective. Now imagme o DNA program
withow ceflubar machimery—ivs s very interestiog or effective, And now imag-
ine the scences withowt lsnguage and ns metaphors—dne, Fomlly, imagoe a
book aboun the life sciences that didn make vse of rl:c!.lplw 5 amicl other Lirl_u;'.u_'uuc
wools [rom other disciplines and social domains

Dovles bock is not *plun specch,” but o precise and demanding discourse ap-
proprate o the complexity of the ebject it is analyzing: the life sciences and, in-
deed, “lile™ usell. It respeers the fmubhul and unavoidable contradictions inherent
within the lanpuages, pracitces. and theories of e scientisis, Doyle 1= not expos-
ing maolecular binlogists or socichiologists as rauds; he s not “anei-ife sclences.”
He s Bringing his experiese in language 1o bear on the problem of what elleos an
guage iself has on and within the lile sciences, panicularly in an era m which “life”
itgeld is fgured in terms of a kind of language, from genetic codes e neurochemi-
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cal messages. 105 a pursuin e shases with a number of scierists as well, suchasthe

hivphysicist Henrd Atlan:

[T noteen of the genetic proeram, orginally @ metaphor propesed Dy
baokegists to tanpet new problems and define new reseach direciens
mure than as an answer o the eternal questions abows lie, has booome
the constant refrain and crux of reflections about the innate and ac-
quired, which are so many false problems derived irom the Tace ths

[LE]

metaphoncal charcter bos been so quickly forgomten; the “dogma® of
malzcufar hiclogy, so designated by melecular hivlogists in an ateemps to
be provocative snd facetions, hes indecd cliectively become 2 dogma,

ne, The zenith of thes line may hive heen

the vulgate of s disci
reached by the theory of “selhely genes)” abusively apglied to extend go-
ciobiology to political sociology. . . . What was only a joke. . . . became a
serions deseription of low lile s supposed e be i realivy, bevend the ap-
pearance of living heings, their behavior, and their lurctions, as we expe-
rience these, 1o all these cases, scnnbic discourses were aken as pew
dogmas to be handed down religiously atter bemg dissected out from the
context of the works and discoverdes thar motivied them. '

While we wouldn't say, with Dawkins, that “it is raining DNA,” thenes no ques-
tinm thas in scientific culture of the il sctences today, and in our culture more
broadly, DMA reims. We wouald say, with Atlan and Doyle, that woderstanding
wiar etaprhoss do for the sowences can kel denvystly some of the power the gene
curreatly bolds in the public imagination, Such an understanding can also help
sonenlisks purscee better, less dogmatic soenoes—and perbaps help Dawling waoile
bener, less |.||:|_'|rr|.|l:i-:' r:u.'-l:l||.|.|r:|.'.:|.l T

W ke a decper plunge ingo the complexitics of conerapierany life scences in
a later chapter. There ww'll see how the “discowrse of gene action” was aniculated
withio the research comtent tha Atlan alluded w above, connecting wp with new
towds and techmouees o tmmsform many aress within iologgy W ll also see how the
“domia of DNAY mught be mutaing inte something less dogaunic, under the devel-
opmentat pressurcs created by that very transformation. This brief ook a Life here
hus enly scrtched the surace of the winys in which metaphor and other hetercal
leatures of language are inseparable frm the practices of the sciences—indeed, are
inseparable from the pewer and beauty of science. Metaphors are not simply good or
reed, productive or wnproductive, lbut both simudtaneously: they limit and unleash,
constrain and generate. They low not only from scwence to the langer cubre, bu
o the Langer cuftwee o e world of science, and are egually vaal w cach sphere.

Metaphors can be attended 10, questioned, and reaniculated, but never elini-
nated. Perhaps ironically, the purity of supposedly transparent, plain, unmediaied
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vruh Jesnds po o B of vulgardng in the same sense in which we saw the “vulgar o
vmphalist” view of Copernicis at work, To Tose sight of metaphors, o Torget abow
vhe wiys i owhich they ok ersile and constrain the sciences, is w fail woappre-
ciate the real subwletics and ;..l1!1[':|.|; xities thai i.-q'l\.'..!dl_' orpanisms, the sciences, his-
oy, and Tnguape skike

Gender Bending
Trs the kst pwenly years or so, scholars developing s vargery of “feminist analyses”
of the scienoes have troced the many ways in which gender metaphors have been

articulned within and abowe the sciences. The scare-guetes are there e remind
v that saying exicily what consmiutes a good “femmist analysis" of the scences
is a precanous, contentious, and, in the end, a somewhat guixotic endeavor.
Within thes diversity of feminisr analvses of the sciences there are many intellec
wal and political insights, as well as inevitable himitations and biind spos. The
hest of them, however, share a commitment 1o Pursuing scences e offer “a more
adequate, ncher, better account of a world, in order to live in it welt and in critical,
reflesive relation to our own as well as others’ practices of dominaion and the un-
equal paris of privilege and oppression thar male up all positions,”™ in the words of
one practitioner, Donna Haraway, the problens is “how 1o have simudianeousy an
aocount of radical historical contingency for all krowledge claims and knawing
subjects, a oritical mactice for recognizing cur own ‘semiotic technolegies” foe
TR Eanings, and @ no-nonsense cormmitrment To lanhind sccounts of a Creal’
world, one that can be partially shared and [riendly 10 eanhwide projects of hnite
freedmm, adequate material sbundance, modest meaning i solleang, and hmied
]1:|.!1E1t|:1..'.~.h' It ke r:-.'i.-hh:nl.llix.' et wi're l_.1|'!i|:s.:;_:_ "E“JT:.[,Ii:H:._l‘ scierwes” here,
the clullenge of mmecddling theough realinn:

tarand articulations involving rigd catcgories aren’t very helplol te such en-
deavors, To argue that the sciesces are pou only @ male coterprise (e socially
duminated by male procitioners), but a mascaline one—the intellectual crbodi-

mwent of a knowing, mazsculine subject which domintes and 1wonores o feminine

g
nature, with disasirows ecolegical and social consequeences—is not going (o get us
very lar, Mor will reversing the privileged torms: Mature is 8 Wornan, ond because
wornen age mere organically conneceed i, they constitmie betier “knowing sub-
Jects” emploving a “leminime epistemology:”

What will be more producizve inthe long rum are those many lemmnise analyses
that detail the histoncal, social, semictic, and technical specibicities that go into

wined out of particular episodes and endeavors in e soiences, One such anea b
heen primatology, a field thas provides powerfol understandings, or amicalations,
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abwout what 11 means 1o be human |I:rnu;'1h the stucky of other members ol tre pri-

mate erder.

MONKEYS 1M THE MEDGLE
Ome ol the most therough, thoughtiul, densely articulated, andd popukar books has
Teern Donna Haraways Primere Visions, a k.||g-|c!:1;,-.~|$in wrearrnent of the kaleido
scopic production of this branch of science. Tnoa zone of myrniad intersections, 1
seems Harmwny bas explored them all: where the history of prinaatology has bad to
crzs witk mcism, colonial projects, space explorarion, pogalar culueee, changing
professional and disciphnary standards, shilung developments in biology, and
many wihers. This book, and the rest of Hamways work, is alecady having pro-
lowndd effects on the waching and thinkmg of soences today, and perhaps of all the
bools we refier to here miost deservees to be called essential reading,
Haraways work 12 2 real contribuinion 1o the field of pomaralgny not des

but precisely becawse of the fact that she incorporates histoncal, femimest, cul 11.|r:||
and pedunical analyses mgo ber writing and research, This would be true even if she
didn't have a Ph.D. i biology from Yale. Bae the work of another, more conven-
onally credentialed pracuicing primatodogist, Sarah Blaller Hrdy, serves as a bereer
example of how sciengists themselves bave o much more expansive view of wha
thee sciences are than is traditionally thowght or elaimed.

Hrdy bas identified hersell az hoth a femimist and a sociobiologesr, two words
the are ot generally Townd wegether, Seciobiology is most [requently associated
with Harvaad Biabogisr E O Wilson, amd readers might be lariliar wah the de-
bates on sociobiology that began in the 19703, delsues both within the scientibe
community and amund o "Lefi-leaning” haalonsts like Wilsons Harvand col-
IL'.LEuL'.'\. "1||'J1]1\;II_F:|_'_. Gowldd and Richard Lewontin r:-ul:u]iu!:. crticized ‘1|I|:'i|.'-|'H|.'||IIJ_'|:.'I
AT

g bt 15 enephasis on reproductive suocess (focused anthe penetic level, its
eatrapelations [rom the bebaviors of other primates Gind other speaes ahogether?
1o the Belsviors of humans, aed other lestures made s staus as a science al best
problemane, at worss a kind of prendoscience. Moreover, such onves argeed that

socivbiology was shot theough with “conservarive” valiees: a valorization of com-

petision, @ deterministic (and pessimisticd view of human manene, ataci legitma-

tion of viclenee and nale sexval demination. There i much merit o some of these
anguments ahout sociobiolegy; 9 good guide 1o 1he amsculations made among evi-
hationary theory, ethology, socal theery, and poliical scence 15 Philp Kichers
book Vauliing Ambition. B there is also something 1o be gained by leaving these
arguments astde, and zooming in to a tighter focus, where we discover Hrdy
rearticelating the supposediy essential conmections between “conservative values”
and seciobirdogical theory
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Charles Darwin (whom we look ain more dewil in the nest chapree} had de-
scuibed in his 1871 book The Descent of Man and Sclection in Relation to Sex what
Hriy calle the “panially rree assumprions” tha would shape this panicalar field of
ingairy for the next COTILLEY. “The males are almost :||'.L'.I5.':~ the wooers,” Darwin
wrede, and the females of the spocics were mainly restricted in their activities to
LL!L'\IN:H:._" the best suitor of the banch, Darwan didet see himsell as Ir|:||-:i|:1;" A%
summions, but as reporiing the transprarent Fwis: *Te is shown by various Bois,
hven hereatier, and by the resulis faiely arviburable o sesual selection, thar the fe
make, thowgh comparatively passive, penerally exens some chodce and acceqs one
miale in preforence o the others.™

f= than a statement of Lace? 15 s theory? Teovld be named a number of things,
bt callmg 1 an articulaen, we suspend these guestions and adopt a kind of
cthnographic perspective on it [0was woitten by an eminent scicntst, an expert G
not the expert al the time) in evelmionary theory, according o the mles for w

would count as {act or theory i that context. Whether or not it was a sohd tact or
a gand theary a the time, or whether we would §
ras powerful. Hrdy renamies this amicuiation “the myth of the coy female,” which

wdae it so now, this amiculation

gets up a mythiscience distinction that we want (o suspend for now: T we can
still Tolbone Hrdy as she traces the descent of chis myth Gin her germs} or powerful
articulation (in ours? through subsegquent aniculations of eveluticnary theary,

The 19305 and 1940 zaw the growth of whot was later called the “gvalutiomaey
synthesis,” in which Darwinian thougin was combined with, reinterpreted in light
of, and reworked with mew theores from geneiics, new sianstieal methods of
analysis, and much new empirical daa. A key paper in the field was published in
1928 by the plant gencicst Angies John Baleman, who in this case was warking

mal with ]1]:|.r|.[~_- Tt with the frun I|} Dirissophial, 1he wsearch UEELAESE mos) jm-

portant o the develapmeent of Camimall genetics.”™ Conduciing a serics of sixiy-
[our expeniments with these thies. Baeman foumd that “successinl” males could
procluce theee times the offspring chan a “succeseful” female could, He concluded
thai male Trui fhes could gain dm evolutionary terms, by stmply having more off-
sprang in oo fe sociobiological terms, by reproducime Lheir peisest by mating sgain
and again, while the female fruig fies had little w gain from muluple mating, {The
larguage of “gain” in these kinds of ariculations sigoads 2 moddiing between cve
laticrary and economic theories, which will come up again in the next chapter,)
Hatemans extrapolation {rom Hees w all of natere made hs 1948 pubhication the
second moest widely clied paper in the Birermure of sociobiclogy “There is nealy
abways o combination of an undiserimmating cagerness in the males,” he wrote,
“and o discrimnating passivity i the lemales. Even in a denved monogamows
species (e, man) this sex difference might be expected 1o persist as a rule ™
dide’l matter whether one was talking abow lemale or muale flies, lemale or male
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We cannot afford to sacrifice precision in an age where uncertainty is
the rule...and every idea or action sends repercussions throughout the
tightly interconnected spheres of science, political economy, and the dis-

parate and often conflicting values of a democratic, pluralistic society.

Praise for Muddling Through

“In this intelligent, imaginative, and steadfastly thoughtful work,
Fortun and Bernstein have set out to design a science literacy project
suited to the 21st century. Remarkably, 1 think they succeed. This is

definitely a ‘must read.”™ Evelyn Fox Keller

“Michael Fortun and Herbert Bernstein's Muddling Through builds a
bridge between science and culture which C. P Snow and others had
wished for. It has taken these two scholar-scientists 1o successfully
accomplish this task....A ‘must read’ for those who want to end the
laulty compartmentalization between democratic culture, science,

politics, and moral judgment.” Marcus Raskin
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