Laboratory
Life s e

Bruno Latour - Steve Woolgar
Introduction by Jonas Salk
With a new postscript by the authors




LABORATORY LIFE



This page intentionally left blank



LABORATORYLIFE
The Construction of

Scientific Facts

Bruno Latour - Steve Woolgar

Introduction by Jonas Salk

With a new postscript and index by the authors

PRINCETONUNIVERSITY PRESS
PRINCETON, NEWJERSEY



Published byPrincetonUniversity Press, 4William Street, PrincetoriNew Jersey08540
In the United Kingdom: PrincetonUniversity Press,Chichester, West Sussex

Copyright © 1979 bySagePublications, Inc.
Copyright © 1986 byPrincetonUniversity Press

All rightsreserved

LCC 85-43378

ISBN 0-692-09418-7

PrincetonUniversity Press books are printed anid-freepaper, and meet thguidelines for
permanence andurability of theCommittee on ProductioGuidelines forBook Longevity
of the Councilon Library Resources

Disclaimer:
Some images in the original version of this book are not
available for inclusion in the eBook.



CONTENTS

Preface to Second Edition
Acknowledgements
Introduction by Jonas Salk

1 FROM ORDER TO DISORDER
The Observer and th&cientist
The Social and th&cientific: AParticipant'sResource
The Social and thescientific: TheObserver'Dilemma
The "Anthropology" ofScience
The Construction of Order
Materials ad Methods
The Organisation othe Argument
Notes

2 AN ANTHROPOLOGIST VISITS THE LABORATORY
Literary Inscription
The Culture of theLaboratory
Articles aboutNeuroendocrinology
The "Phenomenotechnique"
Documents anéfacts
The PublicationList
StatenentTypes
The Transformation ofStatementfypes
Conclusion
Notes

Photog raph File

3 THE CONSTRUCTION OF A FACT: THE CASE OF TRF(H)
TRF(H) in Its DifferentContexts
The Delineation of aSubspecialty: The Isolation and
Characterisation of RF(H)
A Choice of Strategies

1

15
19
21
23
27
33
39
40
42

43
45
53
54
63
69
72
75
81
86
88

91

105
107

112
114



4

5

6

The Elimination of ConcurrentEfforts by NewlInvestments
The Construction of a NevDbject

The PeptidicNature of TRF

Narrowing Down tle Possibilities

TRF Moves intoOtherNetworks

Notes

THE MICROPROCESSING OF FACTS

The Construction andismantling ofFacts inConversation
The SociologicalAnalysis of"ThoughtProcesses"

Facts and Artefcts

Notes

CYCLES OF CREDIT
Credit: Reward an@redibility
What Motivates Scientists?
Limitations of the Notion oCredit as Reward
The Quest forCredibility
Conversion from One Form of Credibility another
The Demand forCredibk Information
StrategiesPositions and Care@rajectories
Curriculum Vitae
Positions
Trajectories
Group Structure
GroupDynamics
Notes

THE CREATION OF ORDER OUT OF DISORDER
Creating a_aboratory: TheMain Elements of OuArgument
Order FromDisorder

A New Fiction forOld?

Notes

References

Postscr ipt to Second Edition (1986)

How Radical is Radical?

WhatDoes It Mean to be tBnographic?
The Place of Philosophy

The Demise othe "Social"

Reflexivity

Conclusion

Notes

Additional ~ References
Index

LABORATORY LIFE

119
124
129
142
148
149

161
154
168
174
184

187

189
192
194
198
201

28
211
214
216

235
236
244
252



PREFACETO SECOND EDITION

The most substantiathange to théirst edition is theaddition of an extended
postscript inwhich we set out some of thieactions to the bookférst pub-
lication in thelight of developments in theocial study ofsciencesince
1979. Thepostscript als@xplains theomission of theerm "social" from
this edition's new subtitleOtherminor additions include aetailed Table
of Contents, Additional References, and an Indesadergempted to con-

clude that the maibody of thetext replicatesthat of theoriginal areadvised
to consultBorges(1981).

Wolvercote, August 1985
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INTRODUCTION

Scientists oftenhave anaversion towhat nonscientists saybout
science. Scientific criticism by nonscientists is nptacticed in the
same way alterary criticism bythose who are notavelists ompoets.
The closest one comesgoientificcriticism is throughournalists who
havwe had an education inscience, orthrough scientists who have
written aboutheir ownpersonakxperiencesSocialstudies of science
and philosophy of sience tend to be abstract or to dedth well-
known historicalevents oremoteexamples that bear no relationship
to what occursdaily at thelaboratorybench or in the interactions
betweenrscientists in th@ursuit of theilgoals. Inaddition journalistic
or sociologicalaccountsseemsometimes tdave the sol@urpose of
proving merely that scientists asdso human.

A love-haterelationshipexists towardscientists insome segments
of society. This isevident inaccountsthat deal with facetsanging
from tremendoushhigh expectations afcientific studies to theicost
and their dangersNall ofwhich ignore thecontent andprocess of
scientific work itself. In thename of"science policy," studies of
scientific activity byeconomists andociologists ar@ften concerned
with numbers of publicationgnd with duplication ofeffort. While
suchexaminations are afomevalue,theyleave much tde desired
because, in part, the statistitabls arecrude and thesexercises are
often aimed atcontrolling productivity andcreativity. Most impor-
tantly, they are not concernesdith the substance atientificthought
andscientific work.Forthesereasons, scientists are mvawn to read
what outsiders havi sayabout sience and muchrefer the views of
scientists abouscientific endeavors.

However, the present book is somewldéfiferent from accounts
usuallywritten by nonscientist@aboutscience. It'shased on a two-
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12 LABORATORY LIFE

year study by ayoung French philosopherwhich was carried out at
The Salk Institute for Bological Studies andwhich was subsequently
written up incollaboration with anEnglish sociologist.Although |
was not responsible for thénitial invitation, | welcomed theoppor-
tunity to see if theapproach that was contemplated woudanedy
some of theshortcomings oprevioussocial studies ofscience.

The approach chan by BrunolLatour was to become part of a
laboratory, tofollow closely thedaily and intimateprocesses of
scientific work,while at thesametime to remain ariinside" outside
observer, a kind ofanthropological probe to study a scientific
"culture"Nto follow in every detailvhat the scientists do and how and
what theythink. He has cast what lodbserved into lsiown concepts
andterms, whichareessentiallyforeign to scientists. He hasanslated
the bits ofinformationinto his own program and into tleede othis
profession. He has tried tbservescientistswith the samecold and
unblinking eyewith which cells, or hormones, ahemicalreactions
arestudiedNaprocessvhich mayevoke aruneasy feeling on theart
of scientists who areinaccustomed thaving themselvesnalyzed
from such avantage point.

The bodk is free of the kind ofjossip,innuendo, and embarrassing
stories, and of thepsychologizingoften seen inother studies or
commentaries. In thisook theauthorsdemonstrate what theall the
"social construction" of science by the use of honest aatd
examples of laboratorgcience. This in itseif an achievement for
they are, in a senskymen tdaboratoryscience and are not expected
to grasp itsfundamentals, bumerely expected tccomprehend only
thatwhich is easiest tainderstandsuch as thauperficialaspects of
laboratory life.

In reading thishook about my colleagues whuawe been observed
under asociologist'smicroscope, tealized how'scientific* a study of
science could bevhen viewed by anoutsider who felt impelled to
imitate thescientific approach he observed. The authéwsls and
concepts arecrude andqualitative, but theirwill to understand
scientific work is consistent with the scientiithos.Their courage,
andevenbrashness, in thisndertakingeminds me afanyscientific
endeavors inwhich nothing stands in the way of thpursuit of an
inquiry. This kind ofobjectiveobservation by an outsidef scientists
atwork, as iftheywere acolony of ants or of rats inrmaze,could be
unbearableHowever,this seems not to be so, and for me thest
interestingpart of the work and of itsutcome, ighat BrunoLatour, a
philosopher-sociologistbegan a sociologicastudy ofbiology and
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along the way came to see sociology biologically. His own style of
thought was transformed by our concepts and ways of thinking about
organisms, order, information, mutations, etc. Curiously, instead of
sociologists studying biologists, who in turn are studying life processes
—in a sort of infinite regression—here are sociologists coming to
recognize that their work is only a subset of our own kind of scientific
activity, which in turn is only a subset of life in the process of
organization.

The final point, intended to suggest that this book is not unworthy of
the attention of scientists, is in the bridge made between science or
scientists and the rest of society. The word "bridge" is not quite right
and I doubt that it would be acceptable to the authors because they
claim to go much further. One of their main points is that the social
world cannot exist on one side and the scientific world on the other
because the scientific realm is merely the end result of many other
operations that are in the social realm. "Human affairs" are not
different from what the authors call "scientific production," and the
chiefaccomplishment they claim is to reveal the way in which "human
aspects" are excluded from the final stages of "fact production." I
have doubts about this way ofthinking and, in my own work, find many
details which do not fit this picture, but I am always stimulated by
attempts to show that the two "cultures" are, in fact, only one.

Whatever objection may be raised about the details and by the
author's arguments, I am now convinced that this kind of direct
examination of scientists at work should be extended and should be
encouraged by scientists themselves in our own best interest, and in the
best interest of society. Science, in general, generates too much hope
and too much fear, and the history of the relationship of scientists and
nonscientists is fraught with passions, sudden bursts of enthusiasm,
and equally sudden fits of panic. If the public could be helped to
understand how scientific knowledge is generated and could under-
stand that it is comprehensible and no more extraordinary than any
other field of endeavor, they would not expect more of scientists than
they are capable of delivering, nor would they fear scientists as much
as they do. This would clarify not only the social position of scientists
in society, but also the public understanding of the substance of
science, of scientific pursuits and of the creation of scientific knowl-
edge. It is sometimes discouraging that although we dedicate our lives
to the extension of knowledge, to shedding light and exemplifying
rationality in the world, the work of individual scientists, or the work of
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scientists ingeneral, is ofterunderstood only in aort of magical or
mysticalway.

Even if we do noagreewith the details of thisbook, or if wefind it
slightly uncomfortable or evemainful in places, tke present work
seems to me to be a step in the right directowarddissipating the
mystery that is believed to surround our activity. | fegitain that in
the future manyinstitutes andaboratories mayvell include a kind of
in-housephilosopher orsociologist. For myself, it wamteresting to
have Brund_atour in ourinstitute, whichallowed him to carry out the
first investigation of this kind of which | am awarand, most
interestingly, to havebserved the way iwhich he, and higpproach,
was transformed by the experience.would be veryuseful forthis
critique itself to be criticized. Thisvould both help theauthors (and
other scholars witlsimilarinterests andbackground) to asst scientists
to understandhemselvesthrough the mirrorprovided, and help a
wider publicunderstand thecientific pursuitfrom a new andlifferent
and ratherrefreshingpoint of view.

NJonas Salk, M.D.

La Jolla, California
February 1979



Chapter 1

FROM ORDER TO DISORDER

5 mins. Johnenters andgoes into hisoffice. He sayssomething very
quickly about having made a badmistake. He had sent theeview of a
paper. . . . The rest of the sentencénsudible.

5 mins. 30 secs. Barbara enters. She asks Spencer what kisdlgént to
put on the columnSpencer answers from todfice. Barbardeaves and goes
to the bench.

5mins. 35 secs. Jarecomes in and askSpencer:"When you prepare for
[.V. with morphine, is it in salinerin water?"Spencerapparentlywriting at
his desk, answers from #ioffice. Jare leaves.

6 mins. 15 secs. Wilson enters antboks into anumber obffices,trying to
gathempeople together for staff meeting. He receivesmguepromises.'lt's a
question of four thousand buckghich has to beesolved in thenext two
minutes, atmost." Heleaves for thdobby.

6 mins. 20 secs. Bill comes fronthechemistrysection and gives Spencer a
thin vial: "Here areyour two hundreanicrogramsyemember to put thisode
number on théook," and he points to thHabel. Heleaves the room.

Longsilence. The library iempty. Somewrite in their offices,some work
by windows in the brighly libench space. Th&taccato noise ¢fpewriting
can be heardfrom the lobby.

9 mins. Julius comes ireating anapple andperusing a copyf Nature.

9 mins. 10secs. Juliecomes irfrom thechemistry section, sits down on the
table, unfolds the computersheetsshe wascarrying, and beginsto fill in a
sheet of paper. Spencemerges from his oiife, looks over heshoulder and

15



16 LABORATORY LIFE

says: "hmm, looks nice." He then disappears into John's office with a few
pages of draft.

9 mins. 20 secs. A secretary comes in from the lobby and places a newly
typed draft on John's desk. She and John briefly exchange remarks about
deadlines.

9 mins. 30 secs. Immediately following her, Rose, the inventory assistant,
arrives to tell John that a device he wants to buy will cost three hundred
dollars. They talk in John's office and laugh. She leaves.

Silence again.

10 mins. John screams from his office: "Hey Spencer, do you know of any
clinical group reporting production of SS in tumour cells?" Spencer yells back
from his office: "I read that in the abstracts of the Asilomar conference, it was
presented as a well-known fact." John: "What was the evidence for that?"
Spencer: "Well, they got an increase in ... and concluded it was due to SS.
Maybe, I'm not sure they directly tested biological activities, I'm not sure."
John: "Why don't you try it on next Monday's bioassay?"

10 mins. 55 secs. Bill and Mary come in suddenly. They are at the end of a
discussion. "I don't believe this paper," says Bill. "No, it's so badly written.
You see, it must have been written by an M.D." They look at Spencer and
laugh, . , (excerpt from observer's notes),

Every morning, workers walk into the laboratory carrying their lunches in
brown paper bags. Technicians immediately begin preparing assays, setting
up surgical tables and weighing chemicals. They harvest data from counters
which have been working overnight. Secretaries sit at typewriters and begin
recorrecting manuscripts which are inevitably late for their publication
deadlines. The staff, some of whom have arrived earlier, enter the office area
one by one and briefly exchange information on what is to be done during the
day. After a while they leave for their benches. Caretakers and other workers
deliver shipments of animals, fresh chemicals and piles of mail. The total work
effort is said to be guided by an invisible field, or more particularly, by a
puzzle, the nature of which has already been decided upon and which may be
solved today. Both the buildings in which these people work and their careers
are safeguarded by the Institute. Thus, cheques of taxpayers' money arrive
periodically, by courtesy of the N.I.LH., to pay bills and salaries. Future
lectures and meetings are at the forefront of people's minds. Every ten minutes
or so, there is a telephone call for one of the stafffrom a colleague, an editor, or
some official. There are conversations, discussions, and arguments at the
benches: "Why don't you try that?" Diagrams are scribbled on blackboards.
Large numbers of computers spill out masses of print-out. Lengthy data sheets
accumulate on desks next to copies of articles scribbled on by colleagues.

By the end of the day, mail has been dispatched together with manuscripts,
preprints, and samples of rare and expensive substances packed in dry ice.
Technicians leave. The atmosphere becomes more relaxed and nobody runs
anymore. There are jokes in the lobby. One thousand dollars has been spent
today. A few slides, like Chinese idiograms, have been added to the stockpile;
one character has been deciphered, a miniscule, invisible increment. Minute
hints have dawned. One or two statements have seen their credibility increase
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(ordecrease) a feyoints,rather like tke daily DowJonedndustrial Average.
Perhaps most dbday's experiments werédungled, or ardeading their
proponents up &lind alley. Perhaps a fewdeas havebecome knotted
together mordightly.

A Philippine cleaner wipethe floor and empties the traséins. It has been
a normal working day. Now the place is emgtycept for the lone figure of an
observer. He silently ponders whhe has seen with a mildsense of
bewilderment . . (Observer'sStory).

Since theturn of the century,scores of men andvomen have
penetrated deeforests, lived in hostileclimates, andweathered
hostility, boredom, andiisease irorder togather the remnants of so-
called primitive societies. By contrast to th&requency ofthese
anthropologicaéxcursionsrelatively fewattempts have beenade to
penetrate théntimacy oflife among tribs which aremuchnearer at
hand. This is perhaps surprising irview of the reception and
importance attached their product inmoderncivilised societies: we
refer, of course, to tribes obcientists and taheir production of
science Whereas we now havairly detailedknowledge of thenyths
andcircumcision rituals oéxotic tribes, weemain relativelyignorant
of the details ofequivalent activityamong tribesf scientists,whose
work is commonlyheralded as havingtartling or, at leastxtremely
significant effects on ourcivilisation.

It is true, of course,that inrecent years avide variety ofscholars
have turned their attention tscience.Frequently, however, their
interest hasfocused on the large-scale effects ofesce. There are
now a number of sudies of thesize andgeneral formof overall
scientific growth (e.g., Price, 1963; 1975), the economics of its
funding (Mansfield, 1968; Korach, 1964), the politics of its support
andinfluence (Gilpin andWright, 1964; Price, 1954;Blisset, 1972),
andthedistribution ofscientificresearchhroughout tle world (Frame
etal., 1977). But it is easy to be leftith theimpression thatesearch
with such macroconcerns has enhanceather thanreduced the
mystery ofscience. Although ourknowledge of thexternal effects and
reception oscience has increased, aurderstanding of theomplex
activities whichconstitute theinternalworkings ofscientific activity
remains undeveloped. The emphastn the external workings of
science has beaxacerbated by thapplication otoncepts tscience
which are peculiar tesocial scientists ofdiffering persuasions and
theoretical commitmentRather than making scientific activity more
understandable, ogial scientists havaended throughtheir use of
highly specialisedconcepts to portragcience as avorld apart. A
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plethora of different specialised approaches have variously been
brought to bear on science, such that the resulting overall picture is
largely incoherent. Analyses of citations in scientific papers tend to
tell us little about the substance of the papers; macroanalyses of
science funding remain virtually silent on the nature of intellectual
activity; quantitative histories of scientific development have tended
to overemphasise those characteristics of science which most readily
lend themselves to quantification. In addition, many of these approaches
have too often accepted the products of science and taken them for
granted in their subsequent analysis, rather than attempting to account
for their initial production.

Our dissatisfaction with these approaches was considerably worsened
by the realisation that very few studies of science have undertaken any
kind of self-appraisal of the methods employed. This is surprising in
that one might automatically expect students of science to be con-
stantly aware of the basis for their pretensions to produce "scientific"
findings: it might be reasonable to expect scholars concerned with the
production of science to have begun to examine the basis for their own
production of findings. Yet the best works of these scholars remain
mute on their own methods and conditions of production. It can, of
course, be argued that a lack of reflexivity is inevitable in an area which
is still comparatively young, and that excessive attention to methodo-
logical issues would detract from the production of badly needed,
albeit preliminary, research findings. But, in fact, the little evidence
available suggests that new research areas do not usually postpone
discussions of methodological issues in favour of the early production
of substantive results. Rather, methodological clarification and dis-
cussion take place at an early stage of development (Mulkay et al.,
1975). Perhaps a more plausible explanation of the lack of methodo-
logical reflexivity in social studies of science is simply that such an
approach would be inconsistent with the dominance of macroconcerns
noted already. Attention to the details of one's own methodology
would thus constitute an enterprise radically different from concerns
with overall development, or the implications of growth for science
policy and funding.

Partly as a result of our dissatisfaction, and in an effort both to
penetrate the mystique of science and to provide a reflexive under-
standing of the detailed activities of working scientists, we decided to
construct an account based on the experiences of close daily contact
with laboratory scientists over a period oftwo years (see Materials and
Methods below).
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The Observer and the Scientist

When an outside observer first expresses interest in the activities of
working scientists, he can expect one of a variety of different reactions.
If he is a fellow professional scientist working in a different field, or if
he is a student working towards final admission into the scientific
profession, the outsider will usually find that his interest is easily
accommodated. Barring any circumstances involving extreme secrecy
or competition between the parties, scientists can react to expressions
of interests by adopting a teaching role. Outsiders can thus be told the
basic principles of scientific work in a field which is relatively strange
to them. However, for outsiders who are completely ignorant of
science and do not aspire tojoin the ranks of professional scientists, the
situation is rather different. The most naive (and perhaps least
common) reaction is that nonscientific outsiders simply have no
business probing the activities of science. More commonly, although
working scientists realise that a variety of nonscientific outsiders, such
as historians, philosophers, and sociologists can and do have profes-
sional interests in science, the precise point of their questions and
observations is a source of some bewilderment. This is understandable
in that working scientists do not normally possess more than outline
knowledge of the principles, theories, methods, and issues at stake
within disciplines other than their own. An observer who declares
himself to be an "anthropologist of science" must be a source of
particular consternation.

On the one hand, lack of knowledge can lead to marked disinterest in
the reports produced by outsiders about science. A common response
of this kind is that scholarly tracts in social studies of science seem
"rather dull." If nothing else, this kind of comment provides a salient
reminder of the perceived irrelevance for scientists of many social
studies of science. On the other hand, lack of familiarity with
disciplines outside natural science can provoke suspicion. Thus, it is
often assumed that outsiders' interests must focus on the seedier
aspects of scientific life because investigators are seen to be posing
questions which are essentially irrelevant to practical scientific
activity. Consequently, the fodder deemed most appropriate for such
investigators tends to be tales of scandal and intrigue, of behaviour
which fails the usual high standards of scientific enquiry or which is
unethical, of the exchange of great ideas over coffee, or of renowned
acts of genius and various eureka experiences. This is not to suggest
that outsiders necessarily take such information at face value. Never-
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theless, it is cleathat the kind ofnformation provided byscientists
will have a ggnificant effect inshapinginvestigatorsreports and that
the information provided depends, inturn, on thenature of the
relationship between scientist and investigatbis important, there-
fore, tolook briefly at the nature of this relationship and at the way it
may affect theproduction of reportsaboutscience.

We were fortunate that the dissgion in thisvolume is informed by
research carried out at arstitutionwith anavowedly well-developed
tradition for the cultivation of a wide rangesafientific andphilosoph-
ical interests. Irparticular, the founders haxstablished the principle
that the institution should housesearch interests whicéncom-
passed a range of "life sciences®ll beyond those ofmhainstream
biology. Forexample, a departmentlafiguistics wa conceived as an
integral part of theinstitution. Partly as aesult of this general
principle, problems ofinitial accesswere considerablylessened.
Under theauspices of the head of oparticularlaboratory, one of us
was given officespace for twosears in immediate promity to the day
to day activitiesofworking scientists However,despite thalleviation
of institutional obstacles taentry, theoutside observeremained a
source of someuzzlement formembers of the laboratory. What
exactly were his specific motigeand objectives instudying the
laboratory?

It is perhaps tempting for ayutside observer foresent his interests
in terms ofestablishedcategories okcholarly investigation, rather
than in a waywhich mightexacerbate participantsuriosity orsense
of suspicion. Foexample, thdabel of "historian" or "philosopher"
might be moreeadily acceptableéhan either'sociologist" or "anthro-
pologist." The term'anthropologist” isreadily associatedvith the
study of "primitive" or "prescientific" belief systems. Théerm
"sociologist" gives rise to glethora ofdifferent interpretations, but
essentially it can beeen by thevorking scientist toconcern a range of
phenomena, all afhich impinge insome way omatters okocial and
political intrigue. Notsurprisingly, therefore, the application of the
term "sociology" to astudy of €ientific activity will be regarded by
many scientists asdealing primarily with all these "nonscientific"
aspects okcience. Sociologicainterest inscience thus appears to
concern avariety ofbehavioural phenomena whidall into aresidual
category: thesephenomenaunavoidably impinge upon scientific
practice byvirtue of the fact that scientistge socialbeings; buthey
are essentiallyperipheral to thepracticeitself. In this view, social
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phenomenaoccasionally make their presence felt in instances of
extremesecrecy,fraud, or onotherrelatively infrequentoccasions. It

is only then that the kernel stientificlogic andprocedure iseverely
threatened andcientists findtheir work disrupted by thentrusion of
externalfactors.

The Social and the Scientific: A Participant's Resource

A number ofsourcestestify to the prevalence of thisonception of
sociology and'things social" amongscientists.Firstly, this view is
consistent with theelatively frequentperception byscientists that
sociologists are engaged somekind of scholarlymuckraking. In
response t@nquiriesfrom investigators whdavedeclared theitack
of scientific expetise, information isprovided which concernsvents
essentially externab science . Secondly, a methodommonlyused by
scientists tofault or castdoubt on the claims of others is to draw
attention to the social circumstancefthe production of the claim.
For example, the assertion that

X observed thefirst optical pulsar

can be severelyundermined by use of thimllowing formulation:

X thought he hadeen thdirst optical pulsar, havingtayedawake three
nights in a rowand being in a gate of extremeexhaustion.

In the secondersion, thannerlogic ofsystematicscientific procedure
hasbeen disrupted by thiatrusion ofsocialfactors. As weshall see in
more detail in due coursésocial factors" hereeferboth to "$aying
awake threenights" aswell as to the transformation of straight-
forward "observation" intoemphasis on therocess of'thinking
about seeing something." For thbservation to have beeamiccessful,
scienceshould have proceedegither in isolation from suchsocial
factors" or, as is@metimes thease with "greatscientists, in spite of
them. Given the presence of suclsocial factors,” noordinary
scientist carmpursue science sacessfully.Observations, @ims, and
achievements can tkie explainedaway or faultedy the invocation
of social cicumstances. Thirdlyalthough the invocation cfocial
circumstances can be used to detfami scientific achievement, it is
also possible taecastsocial factors as arintegral partof routine
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scientific procedure. As a result, the "social factors" in question no
longer appear extraneous to science. Because they are no longer
about the "social," these factors pass beyond the realm of sociological
expertise. For example, in the case of the discovery of pulsars
(Woolgar, 1978), a number of radio astronomy groups complained
that their Cambridge rivals had unduly delayed the release of news of
their discovery. In other words, attempts were made to lessen the
nature of the Cambridge achievement by drawing attention to the way
in which communication about the discovery had been handled. One of
very many commentators made the following double-edged comment:

The truth is that Hewish and the whole Cambridge group had for several
months achieved a screen of security and secrecy which, in itself, was
almost as much of an accomplishment as the discovery itself (Lovell,
1973:122).

By way of reply to similar criticisms, Cambridge spokesmen claimed
that the need for secrecy was merely part of a normal scientific
process:

In the long history of science, it has, I think, been regarded as the right of
an individual or group making a scientific discovery to follow up this
discovery without any obligation to publish their first preliminary result
(Ryle, 1975).

The argument here is that what had been regarded as grounds for
casting doubt on the scientificity of Cambridge's conduct, was in fact
integral to the normal process of science. Behaviour dubbed "secretive"
(the term itself was hotly contested by Cambridge participants) was
held to be a normal part of scientific procedure rather than an
extraneous social factor which could be used to fault Cambridge
behaviour. Moreover, several participants argued that because such
behaviour was a normal part of the scientific process, it did not merit
any special attention by sociological outsiders.

We shall return in due course to a detailed discussion of the use by
scientists of similar procedures in dealing with the circumstances
associated with their activities. But our argument is not just that the
distinction between "social" and "intellectual" is prevalent among
working scientists. More importantly, this distinction provides a
resource upon which scientists can draw when characterising either
their own endeavours or those of others. It is therefore important to
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investigate thenature of thisdistinction and the way it isised by
scientists. Theextent to whichthe distinction between"social" and
"intellectual" isaccepted asinproblematic byobservers of science
mayhave significantonsequences for tlieportsabout sciencghich
they produce.

The Social and the Scientific: The Observer's Dilemma

At one extreme, we carenvisage the wholesaladoption by an
observer of thelistinction mentioned@bove. In thisase, th@bserver
holds anassumption thasgcientific phenomenaccupy aealm largely
distinct fromthat of socialphenomena, and that it is only to the latter
that the concepts,procedures, and expertise sbciology can be
applied. As aresult, the procedures amachievementscentral to
scientists' wok becomelargely immune from sociologicalexplana-
tion. Approacheswvhich implicitly adoptthis standpointhave been
roundly criticised on severalgrounds. Rathethan repeatthese
criticisms in detail,we shall merely outlinesome of themain critical
themes.Firstly, thedecision to concentrate only drocial” rather
than "technical" aspects ofscience severely limits tle range of
phenomena that can lselected as appropriater study. Putsimply,
this meansthat there is n@oint in doingsociology ofscienceunless
one can clearly identify the presence ofone politician breathing
down the necks afforking scientists Where there is no sudabvious
interference by exteral agecies, it isargued, sciencean proceed
without the need fosociologicalanalysis.This argumentinges on a
particularly limited notion of the occasionalinfluence of socio-
political factors; thesubstance ofcienceproceedsunaffected if such
factors are absent. Secondly, emphasissoeial' in contradistinc-
tion to"technical" can lead to the disproportionate selecticvehts
for analysis whichappear toexemplify "mistaken" or "wrong"
science. As we shall show, amportant feature diact construction is
the process whereby "social" factors disappear once a fact is
established. Since scientists themselves preferentiallyetain (or
resurrect) thexistence of "scial" factorswhere thingsscientific are
thought to haveyore wrong, theadoption of the sameiewpoint by an
observer willnecessarilylead him to theanalysis of the wayaial
factors affectpr havegiven rise to,'wrong" beliefs. As Barne§l974)
hasargued, however, there is at least a very real need fonmstrical
approach to theanalysis ofbeliefs (cf., Bloor, 1976). Scientific
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achievements held to be correct should jbet as amenable to
sociological analysiasthosethought to bevrong. Thirdly, emphasis

onthe"social" has leccommentators targue for soraredress of an
imbalance: not enough tantion is thought to havbeen paid to the
"technical." For example, Whitley has gued thatsociological

interest in science im danger oturninginto asociology of sientists

rather than dully fledged sociology ofscience:

aseparation ofthe study pfoducers of certain cultureaftifacts, that is
of science,without reference to the form and substancesaence itself
is mistaken(Whitley, 1972:61).

A fourth source ofcriticism addressesanalysednspired by Merton's
portrayal of the normative structure ofscience. Many of these
analysesexemplify sociologists'separation ofsocial" from "tech-
nical." Much criticism concerns the lack agmpirical basis for the
ethos ofmodern sciencewhich these analyses outline. Ihas, for
example, beercogently arguedthat Merton's norms simply do not
govern thebehaviour ofscientists in the way hesuggestdMulkay,
1969). Morerecently, it has beepointed outhat theexistence ofboth
norms andcounternorms irscience(Mitroff, 1974) derivesfrom the
insufficiently critical appraisal bysociologists ofscientists'state-
ments tooutsiders aboutheir work(Mulkay, 1976). More important
than this criticism of the empirical basis for scientistshorms,
however, is thepoint that suchsociological analysesignore the
technicalsubstance of sciencé&ven if the norms hapecified were
found to becorrect, the sociologistmight as wellbe describing a
community ofexpertfishermen, for allhetells usabout thenature or
substance of their activity.

In aneffort to pay moreattention tothe "technical”rather than the
"social," Mulkay (1969)argues that théody ofestablishedknowl-
edge andthe associateticognitive andtechnicalnorms” are a more
realistic constrainon scientists'behaviour than areocial norms.
Consequently(Mulkay, 1972), scientists ar&known to be working
within a system largelyconsistent wittKuhn's (1970)escription of
paradigm-boundresearch. Theargument that'technical” factors
merit treatment in the same fashion and to the same extent as do
"social" factors has ledo researchwhich emphasisethe investiga-
tion ofparallelsbetweersocial and intellectualevelopment. Itis thus
axiomatic to sevefecontributions in this arethat anexamination of
cognitive developments shalproceed inconjunctionwith an under-
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standing of'concomitant” socik developmentsPerhaps the most
obviousexample othis formulation is in thework of Mullins (1972;
1973a; 1973b)Here ocial processedor example, themergence of
"social organisationleaders") are seen to occur tandem with
developments on the "intellectuside" (forexample, a shift between
"defining aposition" and "doing studies"). Thdiscussion ofocial
processes ipresentedjuite separatelyjrom the tratment of intellec-
tual developments. In aimilar way, models ofscientific growth have
frequentlypresentedreas of sciencaspassing througkiariousstages
of development, each afhich hasattendantsocial andcognitive
characteristic§Crane,1972;Mulkay etal., 1975). Themphasis here
is on producing "an accoumnthich shows some of theonnections
betweenintellectualdevelopment andocial processes'(Mulkay et
al.,1975:188).

The investigation ofscientific activity interms of the connections
between twadifferentaspects othis activity leads toseveral difficul-
ties. As already mentioned, someociologists have complained
because theorrectbalance between thHsocial" and thée'intellec-
tual" has not been achieveBlor example, Law(1973) arguesthat
Mullins (1972)concentrates less on the development of ideas than on
changing network characteristicé a specialty overtime (seealso
Gilbert, 1976: 200). At thesametime, it is partly byvirtue of the
distinction betweersocial andntellectualfactorsthat theproblem of
causal relationship hearisen: does the formation 6cialgroupings
give rise to thepursuit by scientists ofcertain intellectual lines of
enquiry, ordoes theexistence ofintellectual problemslead to the
creation ofkocialnetworks ofcientists?Someauthors avoidttempting
to specify the directionof this causal relationshigMulkay et al.,
1975). Otherhavesuggested that thdirectionvariesaccording to the
scientific areaunder investigation (for examplé&dge andMulkay,
1976: 382) andhat it is a problenrequiring furtherresearch (for
example,Tobey, 1977: espfootnote 4).

The commitment to arunderstanding dftechnical" or"intellec-
tual" issues provides ammportant challenge totraditional socio-
logical research methods. Th&hallenge habeentaken up byEdge
andMulkay (1976), whosestudy of theemergence afadio astronomy
in Britain provides acomprehensivehistory of detailedtechnical
developments. As suchheir report is asubstantial departure from
earlier sociology ofscience perspectives. ik interesting, however,
that certaincommentators haveeviewed thereport interms of the
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relative emphasigiven to the"social* and"technical" aspects of
radio astronomy. Crane, for example, hasaid that theauthors'
emphasis on technical history has dwarfed plagt of theargument
devoted taheoreticalinterpretation andhat therds acorresponding
lack ofadventure in theauthors' attemptat generalisation:

the authors present sociological analyses of someaspects of the
development of thespecialty but even here, as they themselside,

their discussion is "at a low levelf generality and remainslose to the
empiricaldatagenerated in the casgudy" (Crane,1977: 28).

For our purposes, anmportantaspect of thedeparturefrom earlier
work stems from the cooperation producingthis reportbetween an
ex-member of aadio astronomy researcgroup and asociologist.
Such cooperatiowould seem a sensibprerequisite foall outsiders'
attempts to grappleeriously withthe technical details ofscience.
However, thiscooperation is notvithout its ownspecific problems.

Mulkay (1974) argues that thesociological study of science
requires aclose examination of its technical culture am@nce the
active cooperation oftechnically competentparticipants. He also
notesthat becauseutsiders arseldominterested irtechnical culture
and are usually technicallyincompetent, the accots given them by
participants must be eéatedwith considerable cautionScientists
confronted by amaudience obutsidersappear toconvey a definite
confusion in theiaccounts betweeswientific andhistorical accuracy
The relationship betweerscientist and outsider ifighlighted by
Mulkay'sremarks on iterviews variouslyconducted by eyparticipant,
sociologist and bothogether. Rapport can beuickly established
betweenex-participant andinterviewer if thediscussion concerns
technicalissues similar tthoseroutinelydiscussed by thmterviewee
as part of hisday-to-dayactivity. Discussion ofmore sociological
issues wagyenerally leftuntil later in theinterview and, especially
where both ex-participant argbciologistwere present, this exacer-
bated theinterviewee'sperception of thesociologist as amutsider.
The intervieweeassumed thesociologist to bequalified in areas of
discussiorwhich didnotdirectly bear upon théechnicalcontent of his
science.

These observations of ificulties experienced in th course of
interaction withinterviewees furthesupport the idea thacientists
themselvesvork with avery definitedistinctionbetween'social" and
"technical." The same distinctiaranprovide aproblem for observers
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in that itraises thequestion ofvhether or not an equitable balance has
beenreached between the two sidefsthe dichotomy. Thigjuestion
remains, despite affimations that "technical andocial issues are
intimately linked" (Mulkay, 1974: 114).

We should liketo arguethat it isnot necessary tattachparticular
significance to theachievement of d'correct” bahnce between
"social" and"intellectual” factors. This is for twomain reasons.
Firstly, asalready mentioned, &distinction between"social" and
"technical” factors is aresourcedrawn upon routinely by working
scientists. Ouintention is tounderstand howhis distinctionfeatures
in the activities ofscientistsrather than to demonstrate that emphasis
on one or the otherside of theduality is moreappropriate for our
understanding okcience. Secondly, ourinterest in thedetails of
scientific activity cuts across thedistinction betweer'social" and
"technical"factors. We want to pagttention to "technical" issues in
the sensethat the use bgcientists of "technical" antintellectual”
terminology isclearly animportant feaure oftheir activity. But we
regard the use afuch concepts as phenomenon tde explained.
More significantly, weview it as important that ouexplanation of
scientific activity should notdepend in anysignificant way on the
uncritical use of thevery concepts anterminologywhich feature as
part ofthat activity.

The "Anthropology" of Science

The focus of our stuy is the routine work carried out in one
particularlaboratory. Themajority of thematerial whichinforms our
discussion wagathered fronin situ monitoring ofscientistsactivity
in one setting. Our contention is thamhany aspects ofscience
described by sociologistdepend on theoutinely occurringminutiae
of scientific activity. Historic events,breakthroughs ahcompetition
are examples of phenomena whiokeccurover and above eontinual
stream of ongoingscientific activities. InEdge's(1976) terms, our
most general objective is teshed light on thenature of "the soft
underbelly ofscience": wethereforefocus on the work done by a
scientistlocatedfirmly at his laboratorybench.

In line with this perspective, grojecttook shapewhich wecalled,
for want of abetterterm, an anthropology of science. We u$és
description todraw attention toseveraldistinctive features of our
approach. Firstly, the termanthropology isintended todenote the
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preliminary pesentation oAccumulated empiricahaterial. Without
claiming to have given aexhaustivedescription of theactivities of all
like-minded practioners, we aim tprovide a mongraph ofethno-
graphicinvestigation of onepecific group ofcientists. We envisaged
aresearcltprocedureanalogous withthat of an intrepicexplorer of the
Ivory Coast, who, having studied thebelief system ormaterial
production of "savage minds" Hiving with tribesmen,sharingtheir
hardships andlmostbecoming one dhem, eventuallyeturnswith a
body ofobservationsvhich he carpresent as areliminaryresearch
report. Secondly, as haslready been hintedwe attachparticular
importance to the collectip and description of observations of
scientific activityobtained iruparticular setting. By ourcommitment
totechniques of participamtbservation wéope to come tterms with
amajor problemwhich havethus fardoggedunderstanding afcience.
Recently, there hadeen a growingdissatisfaction withoutside
observersreliance onscientists' own statemenébout thenature of
their work. Someparticipants havehemselves argued thatinted
scientific communications systematicallyisrepresent thectivity
that gives rise topublishedreports(Medawar, 1964)? In a similar
manner, Watkins1964) complainshat the'didactic dead-pan$tyle
required of scientific reportingreatesvariousdifficulties in under-
standing how sience isdone. Inparticular,scientists whaschew the
autobiographical form of reportingnake it difficult for readers to
appreciate thegrogramme or context whicprovide the backdrop to
reported work.Sociologistshavenotedthatsimilar tendenciegause
particular problems for thesociologicalunderstanding ohistorical
context (Mulkay, 1974; Woolgar, 1976a; Wynne, 1976), although it
is usually held thatcontradictory interpretations are reconciliable
through sociological explanation(Mulkay, 1976; but see Woolgar,
1976b). Thesecomments on the problems involved the use of
scientists' accountdind a parallel in discussions of the "craft"
character ofcience. Foexample, Ravet£1973) suggests that the
nature okcientific activity isthoroughlymisrepresented by the form of
presentation which isised in the reporting afcience. Nobnly do
scientists' statements create probsdor historical elucidationthey
also systematicallyconceal thenature of theactivity which typically
gives rise totheir researchreports. In other wals, the factthat
scientists oftenchange themanner andcontent of theirstatements
when talking to outsiders causpsblems-both foroutsiders'recon-
struction ofscientificevents and for aappreciation of hovscience is
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done. It is therefore necessary to retrieve some ofthe craft character of
scientific activity through in situ observations of scientific practice.
More specifically, it is necessary to show through empirical investiga-
tion how such craft practices are organised into a systematic and tidied
research report. In short, how is it that the realities of scientific
practice become transformed into statements about how science has
been done? We regard the prolonged immersion of an outside observer
in the daily activities of scientists as one of the better ways in which this
and similar questions can be answered. This also has the advantage
that our descriptions of scientific activity have emerged as a result of
the observer's experiences in the field. In other words, we have not
chosen consciously to focus predominantly on any one of the techno-
logical, historical, or psychological aspects of what is observed. No
attempt was made to delimit the area of competence prior to our
discussion, and there was no prior hypothesis about a concept (or set of
concepts) which might best explain what was to be encountered in the
field. Thirdly, our use of "anthropology" denotes the importance of
bracketing our familiarity with the object of our study. By this we mean
that we regard it as instructive to apprehend as strange those aspects of
scientific activity which are readily taken for granted. It is evident that
the uncritical acceptance of the concepts and terminology used by
some scientists has had the effect ofenhancing rather than reducing the
mystery which surrounds the doing of science. Paradoxically, our
utilisation of the notion of anthropological strangeness is intended to
dissolve rather than reaffirm the exoticism with which science is
sometimes associated. This approach, together with our desire to
avoid adopting the distinction between "technical" and "social,"
leads us to what might be regarded as a particularly irreverent
approach to the analysis of science. We take the apparent superiority
of the members of our laboratory in technical matters to be insignifi-
cant, in the sense that we do notregard prior cognition (or in the case of
an ex-participant, prior socialisation) as a necessary prerequisite for
understanding scientists' work. This is similar to an anthropologist's
refusal to bow before the knowledge of a primitive sorcerer. For us, the
dangers of "going native" outweigh the possible advantages of ease of
access and rapid establishment of rapport with participants. Scientists
in our laboratory constitute a tribe whose daily manipulation and
production of objects is in danger of being misunderstood, if accorded
the high status with which its outputs are sometimes greeted by the
outside world. There are, as far as we know, no a priori reasons for
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supposing that scientists' practice is angre rationalthan that of
outsiders. We shaltherefore attempt to make the activities of the
laboratory seem as strange as possiblarder not to take tomuch for
granted. Outsiders largely unfamiliar with technical issues may
severeljjeopardiseheirobservationabhcumen byinitially submitting
themselves to amncritical adoption of thetechnical culture.

Ourparticular use of an anthropological perspectivesoience also
entails adegree ofeflexivity not normallyevident in manystudies of
science. By rdexivity we mean torefer to the realisation that
observers ofscientific activity areengaged inmethodswhich are
essentiallysimilar to those of thepractioners which thewtudy. Of
course, debates abowhether andn whatsenses the social sciences
can be scientific are the dmiliar stock-in-trade ofmany sociologists.
Frequently however, theséebates have hingexd erroneousoncep-
tions of the nature of scientificmethod culled from philosophers'
partial accounts of the wayscience ispractised. Although, for
example, much has been madewdfethersocial science can (or
should)follow Popper oKuhn, the corespondence ofthe descriptions
of science provided by these authois the realities of scientific
practice issomewhaunclear, to say théeast® In our discussion, we
shall sidestephesegeneralissues and insteatbncentrate ospecific
problemswhich the scientific practitioner and th@bserver ofscien-
tific activity may have incommon. Thiswill entail making explicit,
particularly in thelatter part ofthe discussion, ourawareness of
certain methodologicalproblems which weface in theconstruction
and presentation obur discussion.

We have attempted to meet tledoverequirements of amnthro-
pological perspective by basing odiscussion on the experiences of
anobserver with some anthropologicaaining butlargelyignorant of
science. By using this approach we hope to sémue light on the
process oproductionwithin thelaboratory and on theimilaritieswith
the approach of the observer.

It is unlikely that our discussiowill tell working scientistsanything
they do not already know. We would not presume, dgample, to
revealhithertoundiscoveredacts about the details of scientific work
tothe subjects of oustudy. It isclear (as weshow) that mostnembers
of our laboratory wouldadmit to thekinds of craftactivitieswhich we
portray. At tke same time, however, ourdescription of the way in
which suchcraft activitiesbecometransformednto "statementabout
science"might constitute a new perspective on whalrking scien-
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tists know to be the case. We anticipate that hackles might rise where
participants hold an obdurate commitment to descriptions of scientific
activity formulated in terms of research reports. Often this commit-
ment stems from the perceived utility of such statements in procuring
funds or claiming other privileges. Objections will thus be forthcoming
where our alternative version of the way science proceeds is seen
potentially to undermine or threaten the securement of privileges. The
investigation of the basis for beliefs or, as is a more accurate
description of the present discussion, of the social construction of
scientific knowledge, is frequently construed as an attempt to cast
doubt on the beliefs or knowledge under study. Analysts often face this
kind of mistaken perception in the sociological study of knowledge (for
example, Coser and Rosenberg, 1964: 667). Our "irreverence" or
"lack of respect" for science is not intended as an attack on scientific
activity. It is simply that we maintain an agnostic position. We should
emphasise, therefore, that we do not deny that science is a highly
creative activity. It is just that the precise nature of this creativity is
widely misunderstood. Our use of creative does not refer to the special
abilities of certain individuals to obtain greater access to a body of
previously unrevealed truths; rather it reflects our premise that
scientific activity is just one social arena in which knowledge is
constructed.

It might also be objected that the work of the particular laboratory
we have studied is unusual in that it is relatively poor at the intellectual
level; that its activity comprises routinely dull work, which is not
typical of the drama and conjectural daring prevalent in other areas of
scientific work. However, the Nobel Prize for Medicine was awarded
to one of the members of our laboratory in 1977, soon after we began
preparation of this manuscript. If the work of the laboratory is merely
routine, then it is possible to receive what is perhaps the most
prestigious kind of acclaim from the scientific community for the kind
of routine work we portray.

It is perhaps relatively easy to show the intrusion of social factors in
cases of borderline, controversial science, or where secrecy and
competition are evident. This is because it is precisely in these
situations that scientists can offer evidence of nonscientific or extra-
technical interference with their work. As a result, it is tempting in
these cases to explain the occurrence ofthe "technical" in terms of the
"social." The work of our laboratory, however, constitutes "normal"
science which is relatively free from obvious sociological events. We
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are less tempted, therefore, to try to tease out instances of gossip and
scandal; no sociological muckraking is intended, nor do we claim that
science devoid of such intrigue is unworthy of sociological attention.
So far we have discussed some ways in which our approach differs
from many traditional sociological interests. In particular, we have
adopted the notion of an anthropological study of science to denote the
particular sense of our conception of the social. We are not concerned
with a sociological analysis in the functionalist tradition which tries to
specify norms governing scientists' behaviour. At the same time, we
want to avoid a perspective which implicitly adopts a distinction
between "social" and "technical" issues, however closely related
these might be said to be. The use of such a distinction can be
dangerous either because it fails critically to examine the substance of
technical issues or because the effects of the social are only apparent in
the more obvious instances of external disruption. More significantly,
the use of this distinction fails to examine its importance as a resource
for scientific activity. In addition, our collection of observations within
the setting has led us to a kind of research primarily concerned with the
details of scientific activity rather than with all-encompassing histor-
ical description. Our discussion concerns the social construction of
scientific facts, with the proviso that we use "social" in a special sense
which will become clear in the course of our argument. Obviously, we
want to avoid the simplistic imposition of concepts in our attempts to
make sense of our observations of science. For example, our concern
with the "social" is not confined to those nontechnical observations
amenable to the application of sociological concepts such as norms or
competition. Instead, we regard the process of construction of sense
implied by the application of sociological concepts as highly signifi-
cant for our own approach. It is this process of construction of sense
which forms the focus of our discussion. As a working definition,
therefore, it could be said that we are concerned with the social
construction of scientific knowledge in so far as this draws attention to
the processby which scientists make sense of their observations.
Let us recap by using an example to illustrate what we mean by the
process of making sense in the social construction of science.
Sometime in late 1967, Jocelyn Bell, a research student at Cambridge
radio astronomy laboratories, noted the persistent appearance of a
strange section of "scruff on the recorded output from apparatus
designed to produce a sky survey of quasars. This statement is itself a
highly condensed version of an account gleamed from a variety of
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sources, including discussions with Bell (Woolgar, 1976a). Sociologists
of different persuasions and research styles would undoubtedly view
this episode in a variety of different ways. Those primarily interested
in norms, for example, might enquire how the communication of news
of this finding was handled in the light of prevailing competitive
pressures. To what extent did scientists live up to, or evade, norms of
universality? Such an approach would leave intact the activity
involved in Bell's perception. A more sophisticated approach might
enquire as to the social circumstances prevalent at the time. What
were the constraints in terms of availability of equipment which made
Bell's observation appear remarkable? What were the characteristics
of the organisation of radio astronomy at that stage of its development
that gave Bell's observation a special significance? This approach
would be more sophisticated in the sense that factors such as the
organisation of research at Cambridge and participants' experience of
past disputes would be examined for their influence on the observation
and its subsequent interpretation. Given a different state of affairs, it
could be argued, the observation would have been interpreted differ-
ently or might not have occurred at all.

In this particular example, it might be argued that if scrutiny of the
recording had been automated or if Bell had been sufficiently socialised
into realising that the persistent recurrence of scruff was impossible
and hence nonnoticeable, the discovery of pulsars would have been
much longer in coming. Technical events, such as Bell's observations,
are thus much more than mere psychological operations; the very act
of perception is constituted by prevalent social forces. Our interest,
however, would be in the details of the observation process. In
particular, we should like to know the method by which Bell made
sense of a series of figures such that she could produce the account:
"There was a recurrence of a bit of scruff." The processes which
inform the initial perception can be dealt with psychologically.
However, our interest would be with the use of socially available
procedures for constructing an ordered account out of the apparent
chaos of available perceptions.

The Construction of Order

Our interest in the way in which scientific order is constructed out of
chaos arises from two main considerations. Firstly, from the fact that
there are always available a number of alternative sociological
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features whichmight be invoked to explain the @arrence of a
particularscientificaction.Because anglternative can iprinciple be
undermined or fawéd, it may be preferable thange the focus so as to
examine the way in which features amgoked so as to produceder.
Secondly,outside observers appear to be inpasition essentially
similar to gientists inthat they arealsoconfronted withthe task of
constructing amrderedaccount out of aisorderedarray ofobserva-
tions. Bycapitalising on theeflexivity of theobserver's situation, we
hope toobtain aninteresting analyticddiandle on our understanding of
scientific practice. Weshall thusargue that by ealising andsub-
sequently examming this essentiakimilarity of method, the observer
can better understand certaimetails ofscientific activity. Let us
elucidateeach ofthese two points iturn.

Thefirst pointcan be besiemonstrated with these of an example,
againtakenfrom the development of research on pulsg¥goolgar,
1978). Thefollowing utterance wasised as part of thanalysis of the
reception andontroversy stirred up by thaitial discovery of pulsars:

The discovery of thefirst pulsar wasreported in February 1968
although the discovery itsedkems to have beenade in about &wvo-
month period up to Septembek967 (Hoyle, 1975).

On the one hand, this utterance can hesed asevidence for the
existence of aomplaint that the Cambridggroup ha somehow
violatedscientific protocol byunduly delayingelease of news of their
discovery. The timéagbetweenSeptembell967 and~ebruary 1968
is a"noticeable" (ancdhencenoteworthy)feature as far as the author
was concerned. It igerhaps noticeableitherbecause thauthor feels
piqued thatmembers of another group did moeke thediscovery or
because héeels the delay in reportingpmehowhinderedprogress in
investigatingproperties opulsars.Alternatively, thesameutterance
could in principle be used as evidence for thieiration expressed by
this author for theCambridge group'sbility to keep thingsunder
wraps for solong. Theutterance mayconstituteadmiration, again
because theime period is anoteworthy orunusualfeature. In this
reading,however, the timeeriod represents aachievement made
against considerabledds; thefact that it wasachievedfacilitated the
protection of agraduate student's firgichievement and enhanced the
progresofscienceunhindered byutsideinterferencegrom the media
or otherobservers.
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In principle, the number of alternative readings of this particular
utterance is very large. The number which will be accepted as
plausible by an informed audience, however, will be constrained by the
particular context which is brought to bear upon the reading of the
utterance. In the same way, researchers with any knowledge of the
particular research situation in question will (almost automatically)
find that one of the two alternatives outlined above is the more
plausible. It might, for example, be argued that the reading of the
utterance as a complaintis more consistent with other available
evidence than is it's reading as admiration. It could thus be said that
Hoyle's comments were made in the aftermath of the award of the
Nobel Prize for the pulsar discovery; that this resurrected Hoyle's
dormant bitterness about his previous dealings with the Cambridge
group; and that this is consistent with the interpretation of Hoyle
making a complaint.* Of necessity, however, arguments for the
consistency of one particular reading with other evidence depend, in
some complex way, on readings of other utterances made by pro-
ponents ofthe argument. If asked tojustify these "auxiliary" readings,
proponents would be forced either to invoke yet further readings or to
return to the original utterance for justification. In either case, requests
for justification can never, in principle, be exhausted. In practice, of
course, even persistent challengers yield their ground and a reading is
produced. In other words, a particular reading is made for practical
purposes at hand. The point here, however, is that in principle any
alternative can be questioned. The fact that many observers would
regard the reading of complaint as more plausible than that of
admiration is largely irrelevant. Alternative readings are always
possible and any one reading can always be undermined or faulted.

By extending this argument to the observer's use of any observation,
rather than just an utterance, we can provide the following provisional
formulation of a major theme of our discussion. The observer has to
base his analysis on shifting ground. He is faced with the task of
producing an ordered version of observations and utterances when
each of his readings of observations and utterances can be counter-
balanced with an alternative. In principle, then, the task of producing
an incorrigible version of the actions and behaviour of the subjects of
his study is hopeless. Nevertheless, we know that observers regularly
produce such ordered versions for consumption by others. His
production of order must therefore be done "for practical purposes,"
which means that he proceeds by evading or ignoring difficulties of
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principle? If this is the casethen itbecomesmportant tounderstand
how observers autinely ignore the philosophical problem of the
constantavailability of alternativalescriptions andeadings. Imother
words, onereaction to the recognition of thefendamentaproblems
is to investigate the methods amgtocedures bywhich observers
produce orderedersions of the utteranseand observationswhich
they haveaccumulated. Théocus ofinvestigation from this point of
view is theproduction oforder.

It is not difficult to realise that the worlof scientists maywell
involve similar problems of procedurdt becameclear in the study of
pulsarresearch, foexample,that participantsvere divided over the
correctinterpretation ofeports of thediscovery made by one of the
principalinvestigators aCambridge Woolgar,1978). Someclaimed
that these reportsdlemonstratednconsistency and lack dflarity,
whichwereevidence oWillful concealment angecrecy;others denied
that there was anynconsistency. Ofcourse, theoccurrence of
practically achievedlternative eadings ignostobvious insituations
of controversy. It issurely thecase,nonethelessthat theunhesitant
accomplishment of readinggoes onthroughoutscientific activity.
The elimination ofalternative inerpretationof scientificdata and the
rendering ofhesealternatives akessplausible is a central characteris-
tic of scientific activity. Consequently, theractising scientist isikely
to be as much involved with the task of producing ordered and
plausibleaccounts out of anass of disorderedbservations as is the
outsice observer. Bypayingmoreattention to the way iwhich we, as
observersproduce theaccount you ar@ow reading, wehope to gain
an insight into some of thetechniquesused byscientists in their
attempts to producerderedaccounts.

In sum, then, our discussion is informed by the conviction that a
body of practiceswidely regarded by outsiders as wedkrganised,
logical, and coherent, in fact consists of disorderedarray of
observations withwhich scientists struggle tproduce order. As we
havementioned, theadoption of thebelief that science iwell ordered
has a corollary, that anystudy of itspractice isrelatively straight-
forward and that theontent of science is beyond sociologicaldy.
However, we argue that both eaitists and observers areutinely
confronted by aseethingmass ofalternativeinterpretations.Despite
participantswell-ordered reconstructions andimnalisations, actual
scientific practice entails the confrontation and negotiationutfer
confusion. The solutio adopted byscientists is the imposition of
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variousframeworks by which t& extent of backgrounaoise can be
reduced and againsthich an apparentlycoherentsignal can be
presented. Thprocessvherebysuchframeworks areonstructed and
imposed is the subject of ostudy.

The abovecomments are intended to jifyy the emphasis in our
discussion on the ways in whickcientists produceorder. This
necessarily involves aaxamination of themethodical wayin which
observations and experierscareorganised sthatsense can be made
of them. Asalreadynoted, wehaveevery reason tdelieve that the
accomplishment of this kind of task is noean feat, as islear from a
consideration of the corresponding tafsiced by the oberver when
confronted by his fielchotes. Theobserver's tasls to transformnotes
of the kind presented at theeginning ofthis chapter into arordered
account. But exactly how dnwhere should th observerbegin this
transformation? It is clear thathen seen though the eyes of a total
newcomer, thelaily comings andjoings of thaboratory take on an
alien quality. The observerinitially encounters a mysterious and
apparentlyunconnectedgequence of events. In ordermakesense of
his observationsthe observenormally adopts some kind oheme by
which hehopes to be able wonstruct a pattern. lfe cansuccessfully
useatheme to convincethers of theexistence of a pattern, he can be
said, at leasaccording taelativelyweak criteria, to havéexplained"
hisobservations. Of courséhe selection anddoption of "themes" is
highly problematic. For example, the wap which the theme is
selected can be held tear upon thevalidity of his explanation; the
observer'sselection of ghemeconstitutes hisnethod forwhich he is
accountable. It is not enougsimply to fabricate order out of an
initially chaoticcollection of observations; the observer needs to be
able todemonstrate thahis fabrication had®een done correctly, or, in
short, that hismethod isvalid.

One of the many possible schemedesigned tomeet criteria of
validity holds that descriptions ofsocial phenomenashould be
deductivelyderivedfrom theoreticalsystems and sulbsguentlytested
againstempirical observations. In particular, ils important that
testing be carriedutin isolationfrom thecircumstances imhich the
observations weragyathered. On thether hand, it is arguethat
adequate descriptions can onlgsult from an observer'sprolonged
acquaintance withbehavioural phenomenaescriptions areade-
quate,according to this perspective, in the sense that they emerge
during thecourse otechniquessuch asparticipant observation. The



38 LABORATORY LIFE

descriptions thugroduced, it is argued, are madikely to find some
measure oftongruence with the set cfategories and concepts of
participantsunder study. This latter version aflequatesociological
method enjoys anumber ofvariations, rangingfrom Glaser and
Strauss'(1968) notion of "grounded theory" to thedictum of
"phenomenologically aented” sociology that investigators should
"be true to thedata"(see, forexample,Tudor, 1976). Thescheme
which favours thedeductive production ofndependentlytestable
descriptions is oriented towaraghat hasbeen callecktic validation
(Harris, 1968), that is, the audience who willltimately assess the
validity of a desription is acommunity of fellowobservers. The main
advantage of this scheme is tlkemparativeeasewith which the
reliability and replicability of descriptions can bassessed. By
contrast, theschemewhich favours thé'emergence" ophenomeno-
logically informed descriptions ddocialbehaviour is mosappropri-
atelyamenable t@micvalidation, that is, theltimatedecisionabout
the adequacy oflescriptionrestswith participantsthemselvesThis
hasthe advantage thadescriptions prodwsd by anobserver ardess
likely to be mere impositions otategories agh conceptswhich are
alien toparticipants. At the santeme, howeverdescriptiondased on
the categorical systems phrticipants inparticular situations can
provide problems fotheir generalisation tothersituations.Further-
more, theobserverremains accountable to @ommunity offellow
observers in the sense that they providehack that he has correctly
followed procedures for emiealidation.

This simplistic distinction between methods foraking sense of
observations scarcely dogsstice to therange ofmethodological
positions andlebatesurrent withinsociology.Nevertheless, it helps
clarify thediversity of approachewhich can beadopted in thestudy of
science.Very crudely, if Metonian analyseslepend oretic valida-
tion, inthatthey payelatively littleattention to participantgechnical
culture, theapproachexemplified by Edge and Mulkasore dosely
relies on emicvalidation, atleast in thesense thaparticipantswould
agreethat theseauthorshave correctlyutilised their technical con-
cepts and teminology. Ingeneral observergeliant onemic validation
will necessarilybe concernedwith whether or not they are correctly
using the conceptsemployed by the subjects dheir study. But
overzealousconcernwith the correct usage dhese conceptentails
the danger dfgoing native": in theextremecase, aranalysis of a tribe
couchedentirely in theconcepts andanguage of the tribavould be
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both incomprehensible and unhelpful to all nonmembers of the tribe.
Moreover, the dangers of going native are particularly marked in the
study of science, both because, as analysts, we are inevitably caught
up in social "science" traditions originating with explicit attempts to
mimic the natural sciences and because of the currently widespread
acceptance of the methods and achievements of science in the culture
of which we are part. We also recognise the importance of taking
seriously the concepts used by members of the laboratory. But as one
way of resisting the temptation to go native, we shall attempt to explain
participants' use of these concepts as a social phenomenon. In line
with the principle of emic validation, then, our interest in the details of
scientific activity, in the ways in which scientists produce order from
disorder, leads us to an approach which relies on the emergence, from
the circumstances of our study, of themes for discerning patterns in our
observations. We attempt to capitalise on the experiences of observa-
tion of a laboratory in situ: by being close to localised scientific
practices the observer has a preferential situation from which to
understand how scientists themselves produce order. At the same
time, we recognise that it is inappropriate merely to take for granted the
concepts with which scientists work.

Materials and Methods

The materials on which the discussion in this book is based were
obtained during field research carried out by the first author between
October 1975 and August 1977. The choice of laboratory was
determined mainly by the generosity of one of the senior members of
the institute in providing office space, free access to most discussions
and to all the archives, papers and other documents of the laboratory,
and part-time employment as a technician in the laboratory. The
twenty-one-month programme of participant observation yielded a
large body of data, only a small fraction of which is used in the present
discussion. In addition to the field notes (referred to throughout our
discussion by the page and volume number of the field diary), an
intensive analysis was made of all the literature produced by members
of the laboratory. At the same time, a wide range of documents
relevant to the daily activities of the laboratory was amassed: drafts of
articles in preparation, letters between participants, memoranda, and
various data sheets provided by participants. Formal interviews were
also carried out with all members of the laboratory as well as with
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certainotherscientists in théield working atother laboratoriesThese
interviews supplemented theast body otomments andnformation

gleanedduring informaldiscussions. Theeflections of theobserver,
particularly on his work astechnician in thdaboratory, provided a
further source of data.

Preliminaryanalysis andvriting began soon afteimitial participa-
tion. Partly because of theavailability of office spacewithin the
laboratory, it was possiblto carry on the work ofvriting without
losingopportunities otakingpart indiscussiondetweenparticipants
or of observingother aspects oflaily life in the laboratory.

No attempt was madeo conceal theobservationalrole. For
example, it wasnadeclear to participants thatotes werebeingtaken
on all that went on in the laboratory. Thebserver discussed his
preliminary drafts with paticipants andorganisedseveral gminar
discussions inwhich visiting sociologists anghilosophers ofsience
interactedwith members of thdaboratory®

In all but Chapter 3which is historical in character (sekelow),
namesdates, anglaces hae beenchanged oreplaced byinitials so
asto protect theanonymity ofthoseinvolved. Wealso decideanly to
usethoseanecdotes andvents that, in ojudgment,wereunlikely to
cause social opolitical repercussions.

The Organisation of the Argument

It will be clear from theargument of thischapter thatour very
specificinterest inlaboratory lifeconcerns the way iwhich thedaily
activities of working scientists lead to theconstruction offacts.
Obviously, this particular interest diffes substantially fromexisting
perspectives on laboratorie€Consequently, weshall not dwell on
aspects such as thedministrativeorganisation of laboratory work
(Swatez,1970), theinfluence of suchorganisation orcreativity, the
influence of laboratoryrganisation on scientists' caregisemaine
andMatalon, 1969), nor on theature of communication amgatterns
of information flow (Bitz et al., 1975)/ Rather our interestfocus on
two majorquestions: How are théacts constructed in a laboratory,
and how can a sociologistccount for thiconstruction? What, dny,
arethe differences between theonstruction ofacts and the construc-
tion of accounts?

In Chapter 2, weortray thelaboratory aseenthrough the eyes ofa
total newcomer. Thenotion ofanthropologicalstrangeness is used to
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depict theactivities of thelaboratory aghose of aemoteculture and
to thusexplore the way imwhich anorderedaccount of thdaboratory
life can begeneratedwithout recourse to thexplanatoryconcepts of
theinhabitantsthemselves. lorder toemphasise théctional nature
of the account-generatingprocess, weplace the burden of this
anthropologicalinvestigation on the shoulders of a fictional character:
the visit to thelaboratory ismade by "theobserver." Otourse, the
activities and interests of tHaboratory caralso beexplainedalong a
historicaldimension. Inparticular,laboratoryactivity can beseen to
hinge on what havbeenpreviouslybeenconstructed andccepted as
facts. Against the backcloth of laboratorgctivity provided by our
anthropological observer, therefore. Chapteudertakes alose
examination othe historical construction of ongarticular fact and of
the implications fo subsequentaboratorywork. In Chapter 4, we
move from anhistorical exposition of theconstruction of a fact to a
consideration of themicroprocesses dafegotiationwhich takeplace
continually in thelaboratory. Theconstruction offacts depends
critically onthesemicroprocesses, and yet thetrospectivecharacter-
isation of scientific activity frequently replaces themwith epis-
temological descriptions ¢thoughtprocesses" antlogical reason-
ing." We thereforelook closely at therelationshipbetween these
alternativeportrayals of scientifiactivity and at the way in which one
form of accountbecomesreplaced byanother. InChapter 5, weturn
our attention to theproducers ofacts. Inparticular, we look at the
series of strategiesaken up bymembers of the laboratory itheir
decisions toback theconstruction of one oother fact and intheir
efforts toenhance theiability further toinvest in the construction of
"new" facts.

By the end of Chapter 5, we are in position toreconsider the
laboratory as a system of faaonstruction. On the basis of the
precedingdiscussion we therrecap, in Chapter 6, the essential
elements ofth@rocesswhereby arorderedaccount ifabricated from
disorder andchaos. Finally, we discuss theessential similarity
between theconstruction of accountshich characterises the work of
the laboratory and our owoonstruction of araccountwhich portrays
the laboratory inthis way.
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NOTES

1 We make no attempt here systematically to relate our methodological proce-
dures to those used in anthropological studies For preliminary discussions on the
relevance of anthropology for the study of science, see Horton ( 1967) and the readings
in Wilson (1970) More recent discussions include Shapin (forthcoming) and Bloor
(1978).

2. Medawar( 1964) formulates his argument in terms of the "processes of thought"
which arc misrepresented through scientific reports While agreeing with the general
point that these reports are a source of considerable obfuscation. we have severe
reservations about any quest for the "thought processes" which "underly" the
construction of these reports. As we argue in detail in Chapter 4. explanations of
scientific activity in terms of thought processes are themselves considerably misleading

3. The point has been made by a number of authors. See. for example, the
discussions in Lakatos and Musgrave ( 1970) and Bloor ( 1974: 1976).

4 This argument is developed at length in Woolgar ( 1978)

5 This theme is taken up again in Chapter 6 with reference to the game of "Go " At
the beginning of the game, any move appears as possible, or as good, as any other.

6 The rationale for this strategy and its effects on the relationship between observer
and participants will be discussed in detail elsewhere

7. A numberof French authors have recently discussed laboratory science. See. for
example Lemaineetal ( 1977) Callon(1978) For aremarkable history ofthe biology
laboratory in the eighteenth century, sec Salomon-Bayet (1978)



Chapter 2

AN ANTHROPOLOGIST VISITS THE LABORATORY

When an anthropological observenters thefield, one of his most
fundamentalpreconceptions ighat he mighteventually beable to
makesense of thebservations and noteghich he ecords.This, after
all, is one of thebasicprinciples of scientificenquiry. Nomatter how
confused ombsurd thecircumstances andctivities of histribe might
appear, theideal observerretains hisfaith that some kind of a
systematicprdered account igttainable. For a totalewcomer to the
laboratory, we carimagine that hisfirst encounterwith his subjects
would severelyjeopardise suchfaith. The ultimate objective of
systematicallyordering andreportingobservations musseem par-
ticularly illusory in the face of thebarrage ofquestionswhich first
occur tohim. What arethese people doingWhat are theyalking
about?What is thepurpose of thespartitions orthesewalls? Why is
this room in semidarknessvhereasthis bench isbrightly lit? Why is
everybodywhispering? What part islayed by theanimals whasqueak
incessantly inante-rooms?

But for ourpartialfamiliarity with someaspects ofcientificactivity
andour ability todraw upon a body cdfommonsenseassumptions, a
flood ofnonsensical impressions would follow thermulation ofthese

43
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guestions. Perhapthese animals arebeing processed forating.
Maybe we arevitnessing oraculaprophecy through the inspection of
rats entrails. Perhaps theindividuals spending hoursdiscussing
scribblednotes andigures are lawyers. Are theeated debates in front
of the blackboardpart of some gambling contest? Perhaps the
occupants of the laboratory ateunters of somekind, who, after
patiently lying in wait by aspectograph for several hoursyddenly
freeze like a gun dogfixed on ascent.

Suchspeculations and ehquestionswhich give rise tothemappear
nonsensicabpreciselybecause we agbservers do presupposeme
knowledge of what thdaboratorycould bedoing. For example, it is
possible toimagine thepurpose ofwalls andpartitions without ever
having setfoot in alaboratory. We attempt to makgense not by
bracketing oufamiliarity with the setting but byusingfeatureswhich
we perceive as commoboth to thesetting and to our knowledge or
previous experience. Indeed, it would léfficult to provide any
sensibleaccount othe laboratorywithout recourse to outaken-for-
grantedfamiliarity with some aspects afcience.

Clearly, then, theobserver's organisation of questionmdserva-
tions, and notes igmevitablyconstrained byultural affinities. Only a
limited set of questions relevant andhence sensible. In thsense, the
notion of arotal newcomer isunrealisable irpractice. At another
extreme, arobserver'sotal reliance orscientistsversions ofabora-
tory life would beunsatisfactory. Alescription of science casitirely
in terms used by scientistgould be incomprehensible ttsiders.
The adoption okcientificversions oscience would teaahslittle that
isnewabout science in theaking; theobservewouldsimplyreiterate
those accountgrovided byscientistavhen theyconduct guided tours
of their laboratory for visitors.

In practice, observers steemaddle path between the tvextreme
roles of totalnewcomer (arunattainabledeal) and that ofomplete
participant (who irgoingnative is unableisefully tocommunicate to
hiscommunity of fellowobservers)This is nottaleny, ofcourse, that
at different stagesthroughout his research he severely tempted
towards either extreme. Hisproblem is to select grinciple of
organisationwhich will enable him toprovide an account of the
laboratory sufficiently distinct from those given byscientiststhem-
selves and yet afufficientinterest to bothscientists and readers not
familiar with biology. In shorttheobserver'rinciple oforganisation
should provide aAriadne'shread in dabyrinth ofseeming chaos and con-
fusion.
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In this chapter, wefollow the trials andtribulations of afictional
character’the observer,* in his attempts to usthe notion ofliterary
inscriptiorf as a principle fororganizing hisinitial observations of the
laboratory.

Literary Inscription

Although ourobserver bares the sambroadcultural knowlege as
scientists, he has nevseen a laboratory before and hasknowledge
of the particularfield within which laboraory membersare working.
He is enough of annsider tounderstand th generalpurpose ofvalls,
chairs,coats, and so on, but nehough to know what termgke TRF,
Hemoglobin, and "buffer'mean. Everwithout knowledge ofthese
terms, however, he can not fail n@te thestriking distinction between
two areas of thdaboratory. Onerea of tle laboratory (section B on
Figure 2.1) containsvarious items ofapparatus,while the other
(section A) contains onlpooks,dictionaries, angapersWhereas in
section Bindividualswork with apparatus in aariety of ways: they
canbe seen to beutting, sewingmixing, shaking, srewing,marking,
andsoon; individuals insection A workwith written materials: either
reading, writing, or typing Furthermore, althoughoccupants of
section A, who do nawvearwhite coats,spend long periods of timeith
their white-coated colleagues isection B, thereverse isseldom the
case.Individuals referred to asdloctors read anavrite in offices in
section Awhile other staff,known astechnicians spend most dheir
time handlingequipment insection B.

Each of sections A an® can be further subdivided. Section B
appears tcomprise twoquite separatevings: in thewing referred to
by participants aghe "physiologyside"there are bottanimals and
apparatus: irthe "chemistryside" there are nanimals. Thepeople
from one wing rarely go into theother. Section A canalso be
subdivided. On thenehand,there argpeople whaowrite andengage in
telephone conversations; on théher handthere arehose whaype
anddial telephone calls. Thidivision, like theothers, is marked by
partitions. In onarea (thdibrary) eight officessurround the perimeter
of aconferenceoom withtable, chairs, and a screen. In the other area
("the secretariat")there are typewriters and peoptentrolling the
flow of telephone calls andnail.

What is therelationshipbetween section A ("myoffice,” "the
office," "the library") and section B {the bench")?Consulting the
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Map of the laboratory showing partitions and the main flows described in the text. The numbers on the map
correspond to photographs in the file (page 91). The map shows the extent to which the differences between
section Aand B, and between the chemistry and physiology wings, are reinforced by the architectural layout
of the laboratory.
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map he has drawn, our observer tries to imagine another institution or
setting with a similar division. It is hard to call to mind any factory or
administrative organisation which has a similar set up. If, for example,
it was a factory, we might expect the office space (section A) to be
much smaller. If it was some kind of administrative agency, the bench
space (section B) would be entirely superfluous. Although the relation
between the two wings of the office space is common to many
productive units, the special relation between office space and bench
space is sufficient to distinguish the laboratory from other productive
units. This is apparent on two counts. Firstly, at the end of each day,
technicians bring piles of documents from the bench space through to
the office space. In a factory we might expect these to be reports of
what has been processed and manufactured. For members of this
laboratory, however, these documents constitute what is yet to be
processed and manufactured. Secondly, secretaries post off papers
from the laboratory at an average rate of one every ten days. However,
far from being reports of what has been produced in the factory,
members take these papers to be the productof their unusual factory.
Surely, then, if this unit merely processes paper work, it must be some
sort of administrative agency? Not so: even a cursory look at the
papers shows that the figures and diagrams which they contain are the
very same documents produced in section B a few days or weeks
previously.

It occurs to our observer that he might be able to make sense of
laboratory activity according to one very simple principle. For him,
the scene shown in Photograph 13, represents the prototype of
scientific work in the laboratory: a desk belonging to one of the
inhabitants of the office space (referred to as the doctors) is covered
with paperwork. On the left is an opened issue of ScienceTo the right
is a diagram which represents a tidied or summarised version of data
sheets lying further to the right. It is as iftwo types of literature are
being juxtaposed:one type is printed and published outside the
laboratory; the other type comprises documents produced within the
laboratory, such as hastily drawn diagrams and files containing pages
of figures. Beneath the documents at the centre of the desk lies a draft.
Just like the drafts of a novel or a report, this draft is scribbled, its pages
heavy with corrections, question marks, and alterations. Unlike most
novels however, the text of the draft is peppered with references, either
to other papers, or to diagrams, tables or documents ("as shown in
figure . . . " "in table ... we can see that . . . "). Closer inspection of
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the material lying on thelesk(Photograph 13jeveals, for example,
that the openedissue ofScienceis cited in thedraft. Part of the

argument contained in &ciencearticle is said in thedraft to be

unrepeatable by virtuef what iscontained indocumentdying to the

right ofthe deskThesedocuments are algoted in thedraft. Thedesk

thus appears to be theibof our productiveunit. For it ishere that new
drafts areconstructed by thjgixtaposition oftwasources dfiterature,

one originating outside and theother beiry generatedwithin the

laboratory.

It is no surprise to our observer to learn thsdientistsread
publishedmaterial. Whatsurprises him more is thatwvast body of
literature emanates fromwithin the laboratory. How isit that the
costlyapparatusanimals, cheicals, andctivities othebencltspace
combine to producewritten document, and why are these documents
so highly valued by participants?

After severalfurtherexcursiondnto the bench space, it strikes our
observetthat itsmembers areompulsive ad almostmanicwriters.
Every bench has a largkeatherboundbook in which members
meticulouslyrecord what theyhave justdoneagainst a certainode
number. This appears strange because our observer has only wit-
nessed sucldiffidence inmemory in thework of a fewparticularly
scrupulousnovelists. Itseemsthat whenevertechnicians are not
actually handlingcomplicated pieces afpparatus, they arélfing in
blank sheets with londists of figures; when they are natriting on
pieces of papetheyspendconsiderabléime writingnumbers on the
sides ofhundreds of tubes, qgrencillinglargenumbers on the fur of
rats. Sometimeshey usecolouredpapertape tonark beakers or to
indexdifferentrows on the glossy surface dfargical table. The result
of this strange mania for inscription isthe proliferation of files,
documents, andictionaries. Thus, in additiaimthe Oxford diction-
ary andthe dictionary of knownpeptides, we caalsofind whatmight
be called materiadictionaries. Forexample,Photograph 2 shows a
refrigeratorwhichhouses racks gfampleseach ofwhichbears dabel
with a ten-figure code number. Similarly, inanotherpart of the
laboratory, avastsupply of chemicals haseenarranged in alphabet-
ical order onshelvesfrom which technicians caselect and make use
of appropriatesubstances. A more obvioegample othesematerial
dictionaries is the collection of preprintBhotograph 14hackground)
andthousands diiles full of data $ieets, each afhich also has its own
codenumber.Quite apart fromheselabelled andndexedcollections
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is the kind of paperwork (such as invoices, pay cheques, inventory
schedulesmail files, and so onyvhich can be found imost modern
productive units.

When the observenoves fromthe benchspace to theffice space,
he is greetedwith yet more writing. Xeroxedcopies ofarticles, with
words underlined and exclamatiomarks in themargins, aresvery-
where. Drafts of articles in preparationintermingle with diagrams
scribbled onscrap paper, lettesom colleagues and reams péper
spewed out by theomputer in the nextoom; pages curom articles
areglued to othepages;excerptsfrom draft paragraphg£hange hands
betweencolleagueswhile more advanceddrafts pass fromoffice to
office being alteredconstantly,retyped, recorrected, angventually
crushed into the format of this or thjatirnal. When notvriting, the
occupants ofection A scribble onblackboards(Photograph 10) or
dictate letters, or prepare sliddsr their nexttalk.

Our anthropologicabbserver ighusconfrontedwith astrange tribe
who spend the gatest part ofheir daycoding, marking, altering,
correcting,reading, and writingWhat then is thesignificance ofthose
activities which are apparently natelated to themarking, writing,
coding, andcorrecting?Photograph 4, foexample,shows twoyoung
womenhandling someats.Despite the protocol sheet to the right, the
numberedtubes on the rack and thdock in theforeground which
controls the hythmn of theassay, the womethemselves are neither
writing norreading. The woman on the left is injecting a liquid with a
syringe andvithdrawinganother liquid withanother syringevhich she
then passes on to tieeher woman; theecondvoman therempties the
syringe into a tube. It isnly then that writingakesover: the time and
tubenumber is carefullyecorded. Ithe meantimanimals have been
killed andvariousmaterials,such as etherotton,pipettes, syringes,
and tubes have been used. What then is the poirkilbting these
animals? Howdoes theconsumption of materials rekato the writing
activity? Even the carefumonitoring of the contents of the rack
(Photograph 5 inakes the situation nddearer to our observe@ver a
period ofseveral days, tubeare arranged inrows, otherliquids are
added, thenixtures are shaken and eventuabynoved forefrigeration.

Periodically, theroutine of manipulation andrearrangement of
tubes isinterrupted. Thesamplesextractedfrom rats are put into one
of the pieces ohpparatus andindergo aradical transformation: in-
stead ofmodifying or labelling thesamples, thenachineproduces a
sheet offigures (Photograph 6). One dhe participantstears the
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sheetfrom the machine'scounter andafter scrutinising itcarefully,
arranges for the disposal of the tubes. In other words, the same tubes
which hadbeencarefullyhandled foaweek, which haaosttime and

effort to the tune of several hundred dollars, were megarded as
worthless. The focus of attentioshifted to a sheet of fgures.
Fortunately, our observer waglite used tdinding such absurd and
erratic behaviour in theubjects ofhis studieRelativelyunperturbed,
therefore, hebracedhimself for hisnext surprise.

It was not long in comingThe sheet of figures, taken to be the end
result of dongassay, wasised as the input to a computer (Photograph
11). After ashorttime, thecomputeprinted out alata sheet anitiwas
this, rather than theriginal sheet ofigures,which wasregarded as the
important product of theperation. Thesheet offigures was merely
filed alongsidethousands like iin the library. Nor was theeries of
transformations yetomplete.Photograph 1Zhows atechnician at
work onseveral dataheets produced blgecomputer. Sooafterthis
photograph wasaken, she wasalledinto one of theffices toshow the
product of her laboursa single eleganturvecarefullydrawn ongraph
paper. Once again, thfecus ofattentionshifted: tre computerdata
sheetswere filed away and itvasthe peaks andlopes of thecurve
which excited comment from participants intheir offices: "how
striking," "awell differentiatedpeak,” "itgoes dowruitefast," "this
spotis not verydifferent fromthis one." A few daydater, theobserver
could see meatly redrawn version oftlsamecurve in @paper sentout
for possiblepublication. Ifacceptedthis samefigure would be seen by
otherswhenthey read the articlandit was morethan likelythat the
samefigure would eventually sit on somether desk as part of a
renewedrocess ofiterary juxtaposition andonstruction.

The whole series oftransformationspetween theats fromwhich
samples arénitially extracted andhe curvewhich finally apears in
publicationjnvolvesarenormousjuantity olsophisticatedpparatus
(Photograph 8). By contraswith the expense andhulk of this
apparatus, the end product is more than aurve, a diagram, or a
table offigureswritten on afrail sheet of paper. lis this document,
however, which is arutinised by participant$or its "significance"
andwhich is used as "evidence" in part ofamgument or in an article.
Thus, the main upshot of thigolongedseries otransformations is a
document wich, as will becomeclear, is acrucial resource in the
construction of a "substance."$omesituations, thiprocess is very
much shorter. In thehemistry wing inparticular, the use afertain
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pieces ohpparatus makes it easy to getitn@ression that substances
directly providetheir own"signatures" (Photograp®). While parti-
cipants in the officespacestrugglewith the writing of newdrafts, the
laboratory aroundhem isitself ahive of writing activity. Sections of
muscle, lightbeams, evershreds oblotting paper activat various
recordingequipment. And thescientiststhemselveshasetheir own
writing on the written output of the recordingquipment.

It is clear, thenthatparticularsignificance can battached to the
operation ofipparatusvhich provides soméind of writtenoutput. Of
coursethere arevariousitems ofapparatus inhelaboratorywhich do
not have thisfunction. Such"machines"transformmatter between
one state andanother.Photograph 3, foexample,shows a rotary
evaporator, acentrifuge, ashaker, and a grinder. Bgontrast, a
number ofother items ofapparatus, which wehall call "ingription
devices,* transformpieces ofnatter inb written documents More
exactly, an inscriptiordevice is any item of apparatus particular
configuration ofsuchitemswhich cantransform amaterial subtnce
into a figure odiagram which igdirectly usable by one of thmembers
ofthe officespace. As wahall sedater, the particular arrangement of
apparatus can havavital significance for theproduction of auseful
inscription. Furthermoresome of thecomponents ofuch a config-
uration are oflittle consequence byhemselves. Foexample, the
countershown inPhotograph 6 is not itsiedninscription devicesince
its output is not directly usable in amgument. Idoes,however,form
part of aninscription deviceknown as éioassay.

An important consequena#this notion ofinscription device is that
inscriptions are regarded dsaving adirect relationship to "the
original substance." Thiénal diagram ocurve thus providethe focus
of discussionabout properties ofhe substance. Thentervening
material activity and alaspects of what ieften a prolongeénd costly
process ardracketed off in discussiorebout what thdigure means.
The process ofvriting articlesabout thesubstance thus takes the end
diagram as astarting point. Within theoffice space,participants
produce articles by comparingand contrasting suchdiagrams with
other similar diagrams and withother articles in thepublished
literature(see pp.69-86).

At this point, the observefelt that thelaboratory was by naneans
quite as confusing as he hédst thought. Itseemedhat theremight be
an essential emilarity between thanscriptioncapabilities ofappara-
tus, themanic passion formarking, coding, andfiling, and theliterary
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skills ofwriting, persuasion, ahdiscussion. Thus, the obsenaauld
even makesense of suchbscureactivities as aechnician grinding the
brains of rats, byrealisingthat theeventual end mduct of such
activity might be aighly valueddiagram. Even the mosbmplicated
jumble offigures mighteventually end up apart ofsome agument
between doctors." For theobserverthen, thelaboratorybegan to
take on theappearance of aystem ofliterary inscription.

Fromthis perspectivemany hitherto strange occurrencésl| into
place.Many othetypes ofactivity, althouglsuperficially unrelated to
the literary theme,could be seen ameans obbtaininginscriptions.
For example, the energynputs (Photograph 1)representednter-
mediary resources to b&onsumed in therocess ofensuringthat
inscription devicedunctionedproperly. Byalsotakinginto account
the supply ofanimals andchemicals, it wasclearthat acycle of
productionwhich ended in a smallolder offigures mighthave cost
severalthousanddollars. Similarly, thetechnicians andoctors who
comprised thework force represented ondurther kind of input
necessary for thefficient operation of thénscriptiondevices and for
the production anddispatch of articles.

The central prominence of documenti our discussion so far
contrastsmarkedly with atendency evident in someodology of
science to stress thamportance ofinformal communication in
scientific activity. Forexample, it has beefrequentlynotedthat the
communication ofaentific informationoccurspredominantlythrough
informal rather thanformal channels (Garvey anriffith, 1967;
1971).This isparticularlylikely where there exists well-developed
network ofcontacts as, foexample, in annvisible cdlege (Price,
1963; Cane, 1969; 1972). Proponents d¢his argument haveften
played down th role offormal communicationchannels ininforma-
tion transfer,choosing instead texplain theircontinued existence in
terms of anarena for theestablishment of priority and subsequent
conferrai ofcredit (Hagstrom, 1965)Observations of the present
laboratory, howeverindicate that someareneeds to be exercised in
interpreting therelativeimportance oflifferent communicatiorthan-
nels. Wetake formalcommunication to refer thighly structured and
stylisedreportsepitomised by theublishedjournal article. Almost
without exception, everyiscussion and briedxchangeobserved in
the laboratory centrecaround one omore items in thepublished
literature(Latour,1976). Inother wordsinformalexchangegvariably
focussed on thesubstance oformal communication.Later we shall
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suggestthat muchinformal communication infact establishes its
legitimacy by reérring orpointing topublished literature.

Every presentation ahdiscussion of resultentailed themanipula-
tion either of slides,protocol sheets, paperspreprints, labels, or
articles. Even thenostinformal exchanges constantfpcussedeither
directly orindirectly ondocuments. Participantalsoindicated that
their telephone conversationsearly always focussed orthe discus-
sion ofdocuments; either on@ossiblecollaboration in the witing of a
paper, or on a papavhich hadbeen sent butvhich contained some
ambiguity, or orsometechniquepresented adrecent meeting. When
there was ndirect reference to gaper, the purpose of theall was
often to announce or push a result due to be included ipaper
currentlybeing preparedEven when thewere notdiscussingadraft,
individualsdevotedconsiderablenergy todevising wayof attaining
somereadabletrace. In thes&kinds ofdiscussions, scientists antici-
patedthatpossibleobjections tatheirargumentmight appear in some
forthcomingpaper. Moreimportant for thepresent, however, is the
omnipresence diterature in thesensethat we have defined it, that is,
in terms ofwritten documents, only a few efhich appear inpublished
form.

The Culture of the Laboratory

Tothosefamiliar with thework of the laboratory, thaboveaccount
will havelittle to say that isnew. For ananthropologist, however, the
notion ofliterary inscriptionis still problematic. As we sai@arlier,
our observer has anntermediary status: while the broad cultural
valueswhich heshares with thescientistsfacilitate somefamiliarity
with the commonplaceobjects andevents in the laboratory, he is
unwilling solely to rely onscientists' own versions of the way the
laboratory operates. Oneonsequence of himtermediarystatus is
that his account so far has fadto satisfy any one audience. dbuld
besaid, forexample, that iportrayingscientists aseaders and wters
he has said nothing of thesubstance of their readingand writing.
Indeed, our observeincurred theconsiderableanger of members of
the laboratory, who resentatieir representation aparticipants in
sone literary activity. In thefirst place,this failed todistinguish them
from any othemriters. Secondly, they felt thaheimportant point was
that theywerewriting about something, and thahis something was
"neuroendocrinology.” Ourobserver experienced the depressing
sensationthat his Ariane'shread had led him up Blind alley.
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ARTICLES ABOUT NEUROENDOCRINOLOGY

We noted earlier that participants made sense of theirjuxtaposition
of literatures by reference to a world of literature published outside the
laboratory. To the extent that such literature represents the scriptures
(Knorr, 1978) from which participants take the sense of their
activities, we can only begin to understand what the literature is about
by close inspection of the mythology which informs their activities.
Our use of the term mythology is not intended pejoratively. Rather, it
refers to a broad frame of reference within which can be situated the
activities and practices of a particular culture (Barthes, 1957).

Our observer noticed that when asked by a total stranger, members
of the laboratory replied that they worked (or were) "in neuroendo-
crinology." They went on to explain that neuroendocrinology was the
result of a hybridisation which had taken place in the 1940s between
neurology, described as the science of the nervous system, and
endocrinology, the science of the hormonal system. It occurred to our
observer that such location "in a field" facilitated the correspondence
between a particular group, network, or laboratory and a complex
mixture of beliefs, habits, systematised knowledge, exemplary achieve-
ments, experimental practices, oral traditions, and craft skills. Although
referred to as the "culture" in anthropology, this latter set of attributes
is commonly subsumed under the term paradigm when applied to
people calling themselves scientists.® Neuroendocrinology seemed to
have all the attributes of a mythology: it had had its precursors, its
mythical founders, and its revolutions (Meites et al., 1975). In its
simplest version, the mythology goes as follows: After World War II it
was realised that nerve cells could also secrete hormones and that
there is no nerve connection between brain and pituitary to bridge the
gap between the central nervous system and the hormonal system. A
competing perspective, designated the "hormonal feedback model"
was roundly defeated after a long struggle by participants who are now
regarded as veterans (Scharrer and Scharrer, 1963). As in many
mythological versions of the scientific past, the struggle is now
formulated in terms of a fight between abstract entities such as models
and ideas. Consequently, present research appears based on one
particular conceptual event, the explanation of which only merits
scant elaboration by scientists. The following is a typical account: "In
the 1950s there was a sudden crystallization of ideas, whereby a
number of scattered and apparently unconnected results suddenly
made sense and were intensely gathered and reviewed."
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The mythology through which a culture representsitself is not
necessarilyentirelyfalse. A count opublications, for exampleshows
that thegrowth ofpapersdealing withneuroendocrinologafter 1950
wasexponential, and thateuroendocrinologywhich made upnly 3
percent of endocrinology as a whole U968, grew to 6percent by
1975. In broad outline, then, the growth of neuroendocrinology
appears tohave followed thepattern of what someociologists of
science have termetkcientific development" (for example,réne,
1972; Mulkay etal., 1975).However, themythology of its develop-
ment isvery rarely mentioned in theourse ofthe day-to-day deities
of members of thelaboratory. The beliefs thaare central to the
mythology arenoncontroversial anthken forgranted, ananly enjoy
discussionduring thebrief guidedtours of thelaboratory povided for
visiting laymen. In thesetting, it isdifficult to determinewhether the
mythology is neveralluded to simplybecause it is a remote and
unimportant remnant of thgast or because i$ now awell-known and
generally accepteditem of folklore.

After hisfirst few days inthe setting, ouobserver wasiolongertold
about neuroendocrinology.Instead, daily concernsfocussed on a
different set ofspecific cultural valueswhich, althoughfrom time to
time talked about asbeing in neuroendocrinology,appeared to
constitute adistinct culture (or"paradigm"). Ourcriteria for iden-
tifying this gecific culture is not simplythat a specialtyepresents a
subset of dargerdiscipline. Thiswould be nomore accurate than
considering theBouarZeshations as aubset of tk larger Boukara
ethnicalgroup. Instead, we useulture torefer to the set of arguments
andbeliefs towhichthere isaconstantappeal indaily life and which is
the object of all passions, fears, andespect. Participants in our
laboratory said that they weredealing with "substances called
releasingfactors” (for popular acounts, seeGuillemin andBurgus,
1972; Serially etal., 1973; Vale, 1976). When theypresented their
work to scientificallyinformedoutsidersthey formulated theiefforts
asattempting "toisolate, characterizesynthesise andnderstand the
modes ofaction ofreleasingfactors."This is thebrieftha distinguishes
themfromtheirothercolleagues in neuroendocrinology. Itaksotheir
cultural trait, their particularity, andtheir horizon of work and
achievement. Thgeneral mythologprovidesthemwith thetenet that
the brain controls theendocrinesystem, and theghare thiswith a
large cultural group ofneuroendocrinologistsSpecific totheir own
culture,however, is aradditionalpostulate thatcontrol by thebrain
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is mediated by discrete chemical substances, so called releasing
factors, which are of a peptidic nature" (Meites, 1970).7 Their skills,
working habits, and the apparatus at their disposal are all organised
around one specific material (the hypothalamus), which is deemed
especially important for the study of releasing factors.

Our observer can now picture his informants as readers and writers
of Neuroendocrinological literature who acknowledge certain texts
published in the previous five years as major achievements. These
tests record the structure of several releasing factors in sentences
comprising words or phonemes which relate to substances called
amino acids. In general, the structure of any substance of a peptidic
nature can be expressed in the form of a string of amino acids (for
example, Tyr-Lys-Phe-Pro).* The texts that specify the structure of
the first releasing factors were considered major breakthroughs by all
informants (see Chapter 3). "In 1969 we discovered the structure of
the thyrotropin releasing factor"; in 1971 they discovered or con-
firmed the structure of another releasing factor known as LRF; in 1972
they discovered the structure of a third substance called somatostatin
(for general accounts, see Wade, 1978; Donovan et al., forthcoming).

The importance of articles specifying the structure of releasing
factors is shown by the number of other articles which resulted. Papers
written by other informants constituted the outside literature used in
conjunction with internally produced inscriptions to generate new
papers. Figure 2.2 shows the relative boom in the number of papers
dealing with various substances after the initial specification of
structure in so-called breakthrough papers. As a result of these
publication explosions, the proportion of releasing factor publications
in neuroendocrinology rose from 17 percent in 1968 to 38 percent in
1975. This suggests that the releasing factor "specialty" was respon-
sible for the general increase in the importance of neuroendocrinology
as a whole. Because of burgeoning outside interests, the laboratory's
share of publication in the specialty actually decreased as a result of its
success, from 42 percent in 1968 to 7 percent in 1975.° To put this in
perspective, however, it is worth noting that in 1975 publications in
releasing factors represented 39 percent of all publications in neuro-
endocrinology; neuroendocrinology represented only 6 percent of
endocrinology as a whole, and endocrinology is only one of many
disciplines within biology. Put another way, publications by members
of the laboratory in 1975 represented only 0.045 percent of those in
endocrinology. Clearly, some caution should be exercised in general-
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Figure 2.2

Thisdiagram shows the numberofarticles published peryearon each
of four different releasing factors. The computation is based on the
SCI, Permuterm and by combining the various spellings of releasing
factors. The names chosen in this diagram are those used in the
laboratory studied. TRF in 1970, LRF in 1971, and somatostatin in
1973, all show the same abrupt ascending curve. CRF, the structure
of which is still unknown, is included for comparison.

57
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ising the characteristics of scientific activity on the basis of this one
laboratory.

So far we have said that each inscription device comprises a
particular combination of machines, pieces of apparatus, and tech-
nicians. Articles are written on the basis of specific flow of outside
literature, and with the use (either implicit or explicit) of part of the
archives in the laboratory. These archives comprise a wide range of
"material dictionaries," brain extracts, for example, as well as
protocol books. Our observer should now be able to discern several
distinct lines of activity in the laboratory, each of which corresponds to
a specific type of article which is finally produced. For each type he
should be able to identify the individuals concerned, their location in
the laboratory, the technicians who assist, the inscription devices
employed, and the type of outside literature to which their work
relates. Three main lines of article production, referred to by par-
ticipants as "programmes," could be clearly differentiated at the time
of the study. As can be seen from Table 2.1, they do not contribute
equally to the overall output of the laboratory, nor do they have the
same cost and subsequentimpact. By examiningthe three programmes
in some detail, our observer hoped to be able to specify which
characteristics of activity were peculiar to this laboratory.

The fis type of article written in this laboratory concerned new
naturalsubstances in the hypothalamus (see Chapter 3). A substance
is obtained by superimposing two sets of inscriptions, one from a
recording device known as an assay in the physiology side of the
laboratory and the other from "purification cycles" carried out in the
chemistry side. Since the assay and purification cycle are inscription
devices common to all three programmes, we shall describe them in
some detail.

Despite the many different types of activity referred to as assays (for
example,the bioassay,thein vitro and in vivoassays,director indirect
assays,radioimmunological or biological assays) they are all based on
the same principle (Rodgers, 1974). A recording mechanism (such as
a myograph, a gamma counter, or a simple rating sheet) is connected
up to an organism (either a cell, a muscle, or a whole animal) so as to
produce an easily readable trace. A substance with a known effect on
the organism is then administered to the organism as a control. The
effect on the organism is inscribed and its recorded trace is taken as a
baseline. An unknown substance is then administered and its effect
recorded. The result is a recorded differencebetween two traces, a
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Table 2.1

First Programme 31 papers  15% of total 24 c.p.i.
(isolation of
new substance)

Second Programme: Total 78 papers  37% of total —
(analogs and
functions)
Task One
(analogs) — — —
Task Two
(structure
function) 52 papers  24% of total 7.6 c.p.i.
Task Three
(clinical) 19 papers 9% of total 21 c.p.i.
Task Four
(basic
chemistry) 7 papers 3% of total 7.2 c.p.i.
Third Programme 47 papers  22% of total 10.6 c.p.i.
(mode of actions)
Technical Papers 20 papers 9% of total 7 c.p.i.
General Articles 27 papers  13% of total 9 c.p.i.
Others 10 papers 5% of total —
Total 213 papers
Mean 12.4 c.p.i.

differenceaboutwhich simpleperceptivgudgments ("it is thesame,"
"it goesup," "there is a peak") cabe made. Ifthere is a difference, it
is taken as theign of an"activity" in the unknownsubstanceSince
the central objective oftheulture is todefine anyactivity in terms of a
discrete chmical entity, theunknownsubstance isaken to theother
side of thelaboratory fortests in thesecond main type dhscription
device, the pufication cycle.

The goal of thepurification cycle is to isolate thentity which is
believed to haveaused the recordedifferencebetween twatraces.
Samples obrain extract are subjectetb a series oHliscriminations
(Anonymous,1974).This entails the use dfomestationarymaterial
(such as a gel or a piece bfotting paper) as aelective siftwhich



60 LABORATORY LIFE

delays the gradual movement of a sample of brain extract. (This
movement can be variously due to gravity, electric forces, or cellular
binding —Heftmann, 1967.) As a result of this process, samples are
transformed into a large number of fractions, each of which can be
scrutinised for physical properties of interest. The results are recorded
in the form of several peaks on graph paper. Each of these peaks
represents a discriminated fraction, one of which may correspond to
the discrete chemical entity which caused an activity in the assay. In
order to discover whether the entity is present, the fractions are taken
back to the physiology section of the laboratory and again take part in
an assay. By superimposing the result of this last assay with the result
of the previous purification, it is possible to see an overlap between one
peak and another. Ifthe overlap can be repeated, the chemical fraction
is referred to as a "substance" and is given a name.

Ideally, this shuttle between the assay (Photograph 4) and the
purification cycle (Photograph 7) ends with the identification of an
"isolated" substance. This is almost never the case, however, because
most of the differences between activities in the assay disappear when
the assay is repeated. The postulated substance CRF, forexample, has
been shuttling to and fro in six laboratories since 1954 (cf., Figure
2.2). Even when differences between activities do not disappear, the
entity can often no longer be traced after a few steps of purification. As
we shall see later, the elimination of these elusive and transitory
substances (known as "artefacts") is the main concern of the tribe.
Although the details ofthe elimination process are extremely complex,
the general principle is simple.

Since most competitors" claims to have an "isolated" substance are
put into quotation marks, it follows that the assertion that an entity is
"isolated" depends primarily on the operation of local criteria. When
this claim has been made within the laboratory, the chemical fraction
breaks out of the shuttle between assay and purification and switches
to another circuit of operations. This new circuit comprises an
inscription device known as an Amino Acid Analyser (AAA), which
automatically records the effects of the isolated sample on a series of
other chemical "reagents" and allows this effect to be directly read in
terms of certain letters of the amino acid vocabulary. Thus, the
inscription of the substance is decipherable in letters, such as, for
example, Glu, Pyro, His, rather than just in terms of peaks, spots, and
slopes. However, this is not the end of the matter. By this stage, each
component amino acid is known; but the particular order of the amino
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acids has not yet been determined. To do this, the previous samples are
taken to another room, where there are expensive inscription devices
handled by full-time "PhD holders." The two main inscription
devices, the "mass spectrometer” and the "Edmann degradation
sequence," provide written spectra and diagrams which allow the
specification of the configuration of amino acids which are present in
the substance. These are great and rare moments in the work of the first
programme. The determination of structure constitutes the most
exciting and exhausting periods of work, which are remembered
vividly by participants many years after. In the next chapter we shall
follow the history of one of these substances in detail and return to a
closer explanation of the activities mentioned here.

The concern of a second main programme in the laboratory is to
reconstruct substances (whose structure has already been deter-
mined), using amino acids supplied by the chemical industry, and to
evaluate their activity. The main objective of this programme is to
produce artificially reconstructed substances, known as analogs, with
properties which, because they are different from the original sub-
stances, will facilitate their use in medicine or physiology. The second
research programme can be divided into four tasks.'’ The first task is
the chemical production of analogs. Instead of buying analogs or
obtaining them from another investigator, the laboratory can supply
substances relatively cheaply in its own inhouse chemical section. The
production of analogs is largely mechanised, using apparatus such as
the peptide automatic synthetizer. Many of the analytical inscription
devices (such as the mass spectrometer, the amino acid analyser, or
the nuclear magnetic resonance spectrometer) which are used in the
original purification of a substance are also used in its artificial
reconstruction. In the second programme, however, these inscription
devices are used to monitor the reconstruction process rather than to
produce new information. The second task concerns so-called "struc-
ture function relationships." Using a number of slightly different
analogs, physiologists try to identify connections between bioassay
effects and combinations of analogs which give rise to them. For
example, the natural substance which inhibits the release of a
substance called growth hormone, is a fourteen amino acid structure.
By substituting a right-handed form for the left-handed form of the
amino acid at the eighth position, a more potent substance is obtained.
This has major implications for the treatment of diabetes. Conse-
quently, the outcome of these kinds of trial and error operations, which
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make up 24 percent of published papers, are of special interest to
funding agencies and to the chemical industry (Latour and Rivier,
1977). A third task, which makes up to 9 percent of published papers,
concerns the determination of structure function relationships in the
effect of substances on humans. Most of the papers which result from
this work are written in collaboration with clinicians. The aim is to
devise analogs which most nearly match the natural substances
required for clinical purposes. It would be desirable, for example, to
devise an analog of LRF which would inhibit the release of LH instead
of triggering it. This would make possible the production of a much
better contraceptive pill than at present and thus represents a highly
prized (and highly funded) research objective. The fourth and last task,
which makes up only 3 percent of total research output, comprises
research in collaboration with fundamental chemists on the configura-
tion of molecules which make up the substance. The role of the
laboratory in this work is mainly the provision of material, but the
results are nevertheless very important for studies of "structure-
function relationships."'" As in the third task, first authors of papers
resulting from this fourth task are based outside the laboratory.

So far we have discussed two main programmes: the isolation of new
natural substances on the one hand and their reproduction by synthesis
on the other. A third programme is said by participants to be aimed at
understanding the mechanisms by which different substances interact.
This work is carried out in the physiology section of the laboratory
using bioassays. A variety of different trails, ranging from those
generating crude behavioural responses to those which record the rate
of DNA synthesis following hormonal contact, are used to try and
assess how substances react together.

In terms of published papers, these three programmes accounted
respectively for 15 percent, 37 percent, and 22 percent of the total
output from the laboratory between 1970 and 1976. It is rarely the
case, however, that participants refer to the programme in which they
are working. The specification and particular arrangement of ap-
paratus does not in itself correspond to the self-perceptions of work
which they hold. Rather than saying, "I am doing purification," for
example, they are much more likely to say, "I am purifying substance
X." It is not purification in general which concerns them, but "the
isolation of CRF"; it is not the synthesis of analogs, but the study of
"D TRP 8 SS." Furthermore, objectives of each programme change in
the course of a few months. Our notion of programme is thus
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inadequate in that it is merely an intermediary device which our
observer has used in becoming familiar with his setting. On the other
hand, our observer now knows what distinguishes this laboratory from
others and which papers are written on the basis of particular
combinations of staff and inscription devices. We reserve for later
discussion an appraisal of laboratory activity in terms of specific
individuals, careers, historical periods, and items of apparatus.

THE "PHENOMENOTECHNIQUE"

We have so far related how our observer apprehended the labora-
tory in terms of the prevalence of written documents and of inscription
devices. In particular, the notion of literature provided an organising
principle with which the observer could make sense of his observations
without relying solely on participants' accounts. "Literature" refers
both to the central importance accorded a variety ofdocuments and to
the use of equipment to produce inscriptions which are taken to be
about a substance, and which are themselves used in the further
generation of articles and papers. In order to explicate the notion of
literary inscription as applied to apparatus, we shall provide an
inventory of the material setting of the laboratory.

One important feature of the use of inscription devices in the
laboratory is that once the end product, an inscription, is available, all
the intermediary steps which made its production possible are for-
gotten. The diagram or sheet of figures becomes the focus ofdiscussion
between participants, and the material processes which gave rise to it
are either forgotten or taken for granted as being merely technical
matters.'> A first consequence of the relegation of material processes
to the realm of the merely technical is that inscriptions are seen as
direct indicators of the substance under study. Especially in ap-
paratus such as the amino acid analyser (Photograph 9), the substance
appears to inscribe its own signature (Spackmann et al., 1958). A
second consequence, however, is the tendency to think of the inscrip-
tion in terms of confirmation, or evidence for or against, particular
ideas, concepts, or theories.'® There thus occurs a transformation of
the simple end product of inscription into the terms of the mythology
which informs participants' activities. A particular curve, for example,
might constitute a breakthrough; or a sheet of figures can count as clear
support for some previously postulated theory.

As we have already indicated, however, the cultural specificity of
the laboratory does not reside in the mythology available to partici-
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pants. Afterall, similarmythologies areavailable in other laboratories.
Specific tothis laboratory is theparticularconfigurations of apparatus
that we havecalled inscriptiondevices. The centramportance of this
materialarrangement ishatnone of thephenomendaboutwhich"
participants talkcould exist without it. Without a bioassay, for
example, asubstancecould not be said texist. Thebioassay is not
merely a means obbtaining som independentlygiven entity; the
bioassayconstitutes theconstruction othe substanceSimilarly, a
substancecould not besaid toexist withou fractionatingcolumns
(Photograph 7)since a fractioronly exists byvirtue of theprocess of
discrimination. Likewise, thespectrumproduced by aauclear mag-
neticresonancg NMR) spectrometefPhotograph 8would notexist
but for the spectrometer. It is naimply thatphenomenalepend on
certain material instrumentationrather, the phenomenae thor-
oughly constituted by the material setting of thelaboratory. The
artificial reality, whichparticipantsdescribe in terms of an objective
entity, has in facbeenconstructed by the use woiscriptiondevices.
Such areality, which Bachelard (1953) terms the "phenomeno-
technique,"takes on the appearance gbaenomenon byirtue of its
construction though materialtechniques.

It follows that if our observer was tenagine theremoval of certain
items ofequipment from thdaboratory,this would entail theremoval
of at least oneobject ofreality from discussion. This waparticularly
apparentwheneverequipment broke dowrr whenever newequip-
ment was brought imtthe laboratory’* Obviously, however, not all
pieces ofequipmentcondition theexistence ofphenomena and the
production ofpapers in the samway. Taking away the trasban, for
example, would be unlikely to harm themain researchprocess;
similarly, withdrawal of the automatic pipette would not prevent
pipetting by hand, even thoughthis takes longer. Bycontrast, if the
gamma counter breaks down, it éfficult to measure amounts of
radioactivity merely bysight! The observation ofadioactivity is
entirelydependent on the counté¥alow andBerson,1971).Clearly,
the laboratorywould stopoperatingwithout thepipes carryingvater
and oxygenwhich runbetween thelaboratory and thelant (Photo-
graph 1), but they dmot account for thefact that the laboratory
producespapers. LikeAristotle'snotion of vegetativdife, thesepipes
are a general condition of a superiolife but they do notexplain it.
However,whereasPhotograph Icould havebeentaken in anyfactory
setting, Potograph 3 ishy contrast,peculiar toalaboratory. This is
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becauseapart from thehair dryer, electric motor, andtwo hydrogen
bottles, all the othempieces ofpparatus wermvented specifically to
assist in theonstruction ofaboratoryobjects. Thecentrifuge (on the
left of Photograph 3), foexample, waslevised bySvedberg in1924

and was responsible forcreating thenotion of protein byallowing

undifferentiatedsubstances to bdiscriminated by ginning (Peder-

sen, 1974). Thenolecularweight ofproteins couldhardly be said to
existexcept byvirtue of the ultracentrifuge. ThRotary Evaporator
(on the right of Photograph 3), inveéed by Craig atthe Rockefeller
Institute in 1950 (Moore, 1975),enables the removalf solvents in
mostlaboratorypurification processes anduperceded #previous
use of the Claisen flask.

Itisclear,then,that some itemefequipment arenorecrucial to the
researchprocessthan others. Indeed thestrength ofthe laboratory
depends not so much on thevalability of apparatus, but on the
presence of @articularconfiguration of machines specificaltgilored
for a particulartask. Photograph 3loes notdefine theparticularfield
in which thework of the laboratorys situatedbecauseentrifuges and
rotary evaporatorscan be found in a wideariety of biologically
inclined researchinstitutions. However, the presence dfio- and
radioimmuno-assays, tieephadexolumns, and thevhole gamut of
spectrometers, show thagtarticipants areconcerned with neuro-
endocrinology. Awholerange ofnscriptiondevices, vaiously used to
make points irdifferentsubfields,havebeenassembled in one place.
The mass spectrometer, farxxample, is used in thproduction of
papers on thetructure of asubstance; celtultures areused tomake
points about thesynthesis of DNA in thébiosynthesis of the same
substances.

Theculturalspecificity ofthelaboratory is alsevident from the fact
that some of itsinscription devices can only béound in this setting.
Most of the substancesdepend fortheir existence on bio- and
radioimmuno-assaysEach assay compriseseveral hundred se-
quences,and sometimesoccupiestwo or three peoplefull time for
severaldays oweeks at a stretch. Thestructions for onassay(the
TRF immunoassaypccupysix full pagesandreadlike acomplicated
recipe. Sinceonly relatively small steps,such aspipetting, can be
automated, theprocessrelies heavily on theroutinised skills of the
technicians. Aswhole, theassay is ardiosyncraticprocess in that it
depends on theskills of individual technicians and on the use of
particular antisera, which themselveshave to be obtained from
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particulargoats afparticulartimes of the yearThis is why somany

substances exist onlpcally (seeChapter 4). Thepresence in this
setting of whatscientists refer to as "an exgite bioassay for growth
hormones" or o "very sensitiveassay folCRF" ishighly valued by

members, and is theource both dheirpride aswell as thepointsthey

make in theliterature.

It would bewrong to contrast the materiatith conceptualcom-
ponents oflaboratory activity. The insciption devices,skills, and
machineswhich are nowcurrent have oftenfeatured in thepast
literature ofanother field.Thus, each sequenceaidtions and each
routinisedassay has at sonsagefeatured as thebject ofdebate in
anotherfield and has been thcus of severapublishedpapers. The
apparatus andraft skills present in one field thusmbody the end
results ofdebate orcontroversy in some other field amdakethese
resultsavailablewithin the walls of thelaboratory. It isin this sense
that Bachelard1953) refered to apparatus dseified theory." The
inscription deviceprovidesinscriptionswhich can beused towrite
papers or tanakepoints in theliterature on théasis of @ransforma-
tion of establishedarguments intatems ofapparatusThis transfor-
mation, in turn, allows the generation afiew inscriptions, new
arguments and potentially neitems ofapparatugcf., Chapter 6).
When, for example, anember of thelaboratory uses a computer
console(Photograph 11), heobilises thepower of bothelectronics
andstatistics. Whenanother membdrandles the NMRpectrometer
(Photograph 8) to check theurity of hiscompounds, he isitilising
spin theory and the outcome smetwenty years obasic physics
research. AlthougtAlbert knows little more than thegeneral prin-
ciples of spintheory, this issufficient to enable him tohandle the
switchboard of the NMR and to have the power oftieory working
to his advantage When others discuss thepatial structure of a
releasingfactor, they implicitly make use oflecades ofesearch in
elementarychemistry.Similarly, a fewprinciples oimmunology and
ageneralknowledge ofadioactivity aresufficient tobenefit from these
two sciencesvhen using the radioimmunoassay in theest for a new
substancgYalow andBerson,1971). Every move in th&aboratory
thusrelies insome way orotherscientificfields. In Table 2.2 we list
some of thdarger items oéquipment used in thiaboratorytogether
with the field of origin and the date athich they wereimportedinto
thenew problemarea. In the nexthapter weshall see why much ofthis
equipmentoriginated infields thought to be'harder" tha endo-
crinology.
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Table 2.2

Name of Instrument

Date of First Date of First
Conception Introduction

Field of Origin

Usage in the
Program

Remarks

Mass spectrophotometer

Nuclear magnetic resonance
(high resolution) spectrometer

Amino acid analyzer
Peptide automatic
synthetizer

Sephadex columns

Radioimmunoassay

High pressure liquid
chromatograph

Countercurrent

distribution chromatograph

1910-1924

1937-1954

1950-1954

1966

1956-1959

1956-1960

1958-1967

1943-1947

1959 for peptides,
1969 for releasing
factors

1957 for peptides (pep.),
1964 for releasing
factors (R.F.)

within peptide
chemistry

within pep. for
RF. 1975
1960-1962 for R.F.

1959 for pep.

1973 for pep.
1975 for R.F.

1958 for R.F.

physics (isotopes)

physics (spin)

protein chemistry;
analytic

biochemistry;
synthetic

nuclear physics;
immunology;
endocrinology

analytical chemistry

first programme

second programme,
task one

first and second
programmes

second programme,
task one

first, second, and
third programmes

all programmes

first programme and
second programme,
task one

one PhD to operate it;
takes one room

used to check purity

routine; machine;
automatised

routine; machine;
automatised, new

essential part of purifica-
tion and assays

most versatile and labour
intensive instrument

new, transformed in
routine task

cold piece of machinery
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Since the material setting represents the reification of knowledge
established in the literature of another field, there is necessarily a time
lag between the discussion of a theory in one field and the appearance
of acorresponding technique in another. This is confirmed by the dates
of first conception of various inscription devices. In general, inscrip-
tion devices were derived from a well-established body of knowledge.
Chromatography, for example, is still an active research area of
chemistry. But the chromatography embodied in apparatus used in the
laboratory dates from Porath's work in the 1950s (Porath, 1967). The
mass spectrometer, a crucial analytical tool, is based on physics which
is some fifty years old (Beynon, 1960). The same is the case for the
laboratory's use of statistics and programming techniques. By borrow-
ing well-established knowledge, and by incorporating it in pieces of
furniture or in routine operational sequences, the laboratory can
harness the enormous power of tens of other fields for its own
purposes.

However, the accumulation of material theories and practices from
other fields itself depends on certain manufacturing skills. For
example, the mere existence of a discipline such as nuclear physics
does not in itself ensure the presence of a beta-counter in the
laboratory. Clearly, the use of such equipment presupposes their
manufacture. Without Merrifield's invention, for example, there
would be no solid phase synthesis and no way of automating peptide
synthesis (Merrifield, 1965; 1968). But even without a company like
Beckmann, there would still be a prototype at the Rockefeller Institute
where it was invented and this could be used by other scientists. Apart
from the automatic pipette, a simple time-saving device, both the
principle and basic prototype of all the other apparatus used in the
laboratory originated in other scientific laboratories. However, in-
dustry plays an important role in designing, developing, and making
these scientific prototypes available to a larger public, as is clear if we
imagine that there were only one or two existing prototypes of each
item of new equipment. In this case, scientists would have to travel
vast distances and there would be a dramatic fall in the rate of
production of papers. The transformation of Merrifield's original
prototype into the marketable, self-contained, reliable, and compact
item of equipment sold under the name of Automatic Peptide
Synthesizer, is a measure of the debt of the laboratory to technological
skills (Anonymous, 1976a). Ifinscription devices are the reification of
theories and practices, the actual pieces of equipment are the marketed
forms of these reifications.
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The material layout of thelaboratory has beeconstructed from
items of apparatusmany ofwhich have long andsometimescontro-
versial histories. Each item ofapparatus hasombinedwith certain
skills to form specific devices, the styluses and needleswtifich
scratchthe surface ofsheets of graph paper. Thsring of events to
which eachcurve owes it veryexistence is too long for angbserver,
technician, osscientist to remember. And yetchstep iscrucial, for
its omission ormishandling camullify the entireprocess.Instead of a
"nicecurve," itis all too easy tobtain achaoticscattering ofandom
points of curves which cannot be replicatedTo counter these
catastrophicpossibilities, efforts are made to rointise component
actionseitherthroughtechnicians' training or bgutomation.Once a
string ofoperations has beeroutinised, one carook at thefigures
obtained andjuietly forget thatimmunology,atomic physics,statis-
tics, andelectronicsactuallymade this figurepossible.Once the data
sheet has beetaken to theoffice for discussion, one caforget the
several weeks ofvork by technicians and théwundreds ofdollars
which havegone into itsproduction.After the paperwhich incorpor-
atesthesefigures has beewritten, and thenain result of th@aper has
been embdied insome newinscriptiondevice, it is easy téorgetthat
theconstruction ofthgaper depended amaterialfactors. Thebench
spacewill be forgotten, and th existence ofaboratorieswill fade from
considerationlnstead,"ideas,""theories," andreasons'will take
theirplace. hscriptiondevices thusppear to bealued on théasis of
the extent towhich they facilitate awift transition fromcraft work to
ideas. Thematerialsettingboth makespossible thephenomena and is
required tobe easily forgotten. Without thematerialenvironment of
the laboratory none of thebjectscould be said to exist, and yet the
material envionment veryrarelyreceivesmention. It is thisparadox,
which is anessentialfeature ofscience, that wehall now consider in
more detail.

Documents and Facts

Thus far, our observer has begurmakesense ofthe laboratory in
terms of a tribe ofeaders andvriters whospend two-thirds ofheir
time working with large inscription devices. Theyappear to have
developecdconsiderableskills in setting up devicewhich can pin down
elusivefigures, taces, ofinscriptions in thei craftwork, and in the art
of persuasion. Té latter skill enables them to convincethersthat
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what they do is important, that what they say is true, and that their
proposals are worth funding. They are so skillful, indeed, that they
manage to convince others not that they are being convinced but that
they are simply following a consistent line of interpretation of
available evidence. Others are persuaded that they are not persuaded,
that no mediations intercede between what is said and the truth. They
are so persuasive, in fact, that within the confines of their laboratory it
is possible to forget the material dimensions of the laboratory, the
bench work, and the influence of the past, and to focus only on the
"facts" that are being pointed out. Not surprisingly, our anthro-
pological observer experienced some dis-ease in handling such a tribe.
Whereas other tribes believe in gods or complicated mythologies, the
members of this tribe insist that their activity is in no way to be
associated with beliefs, a culture, or a mythology. Instead, they claim
to be concerned only with "hard facts." The observer is puzzled
precisely because his informants insist that everything is straight-
forward. Moreover, they argue that if he were a scientist himself, he
would understand this. Our anthropologist is sorely tempted by this
argument. He has begun to learn about the laboratory, he has read lots
of papers and can recognise different substances. Furthermore, he
begins to understand fragments of conversation between members. His
informants begin to sway him. He begins to admit that there is nothing
strange about this setting and nothing which requires explanation in
terms other than those of informants' own accounts. However, in the
back of his mind there remains a nagging question. How can we
account for the fact that in any one year, approximately one and a half
million dollars is spent to enable twenty-five people to produce forty
papers?

Apart from the papers themselves, of course, another kind of
product provides the means for generating documents in other labora-
tories. As we said above, two of the main objectives of this laboratory
are the purification of natural substances and the manufacture of
analogs of known substances. Frequently, purified fractions and
samples of synthetic substances are sent to investigators in other
laboratories. Each analog is produced at an average cost of $ 1,500, or
$10 per milligram, which is much lower than the market value of these
peptides. Indeed, the market value of all peptides produced by the
laboratory would amount to § 1.5 million, the same as the total budget
of the laboratory. In other words, the laboratory could pay for its
research by selling its analogs. However, the quantities, the number,
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andthe nature of thepeptidesactuallyproduced by the laboratory are
suchthat there is nanarket for 99percent of themMoreover,nearly
all the peptides (9percent) arananufactured fornternalconsump-
tion and are noavailable autput. Theactualoutput (for exanple,
3.2grams in 1976) ipotentially worth $130,000 amarketvalue, and
although it cost only$30,000 toproduce,samples aresent free of
charge to outsideesearchers whbavebeen able t@wonvince one of
the members of thdaboratory that his or heresearch is of interest.
Although members of thdaboratory do notrequire theirnames to
appear on paperwhich reportwork resulting from the use dhese
samples, thability to providerare and costly analogs ispmwerful
resource. If, foexampleonly a few microgams were made available,
this wouldeffectively prevent theecipient fran carrying out sufficient
investigations to make discovery(see Gapter 4):> Purified sub-
stances and rarantisera aralsoconsideredsaluableassetsWhen,
for example, aparticipant talksaboutleaving thegroup, he often
expressesconcern about the fate of theantiseras,fractions, and
samples fowhich he hadbeenresponsible. listhese together with the
papers he has producedhat represent the richemeeded by a
participant toenable him tcsettleelsewhere and write furthgapers.
He is likely to find similar inscription deviceselsewhere, but not the
idiosyncraticantiserathat permita specificradioimmunoassay to be
run. Besidessamples, thelaboratory alsoproducesskills in the
members of avorkforce whofrom time totime leave the laboratory to
work elsewhere. Hereagain, theskill is only a means to the end of
publishinga paper.

The production ofpapers isacknowledged byparticipants as the
main objective of their activity. The realisation of thisobjective
necessitates ahain of writingoperationsfrom aresultfirst scribbled
on asheet of paper anénthusiasticallicommunicated teolleagues,
to the final registering ofpublished literature in thelaboratory
archives. The manyntermediarystages(such as talks withslides,
circulation ofpreprints, and so on) all concern litergosyoduction of
onekind oranother. It is thumecessarycarefully tostudy tke various
processes dfterary productionwhich lead to theoutput ofpapers. We
shall do this in twavays. Firstly, we shallconsidempapers agbjects in
much the same way asmanufacturedgoods. Secondly, weshall
attempt tomakesense of theontent ofpapers. Bylooking atliterary
production inthis way wehope tobroach thecentral questions posed
by our observer: how canmaper be both sexpensive to pgduce and
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yet sohighly valued?What exactly cajustify participants' faith in the
importance of thgpapers'contents?

THE PUBLICATION LIST

The range andscope ofpapers produced byhe laboratory is
indicatedby a list kept and updated bparticipants. We usethose
items listedbetween1970 and 1976. Althougreferred to bypartici-
pants as thépublication list," a number of articlesvere included
which had not infact beenpublished®®

Let us classify output according to thehannelchosen byinvesti-
gators. Fifty percent consisted of'regular’ papers.Sud items
comprisedseveralpages andavere publishedn professionajournals.
Twenty percent of theoutput comprised abstracts submitted to
professional congresses. A fuher 16 percenttomprisedsolicited
contributions to meetingsanly half ofwhich foundtheir wayinto print
asconference proceeding®articipants als@ontributedchapters to
edited collections of paperswhich made up 1ldercent of thetotal
output.

Another way ofclassifying papers is by thditerary "genre" of
articles. Differences in genrevere defined both interms of formal
characteristics (such dbe size, style, and format of eaarticle) and
by the nature of the audience. For example, 5 percent opaflers
were addressed to lagudiences,such as Ig readers ofScientific
American, Triangle,and Science Yeaor to physicians for whom a
simplified account ofecentprogress irbiology isavailable inarticles,
such asthose in Clinician, Contraception,or Hospital Practice.
Although arelatively minor output in terms ofjuantity, this genre
fulfills an importantpublic relationsfunction in that such articles can
be useful in thelong-termacquisition ofpublic funds. Asecondgenre,
which made up 27 percenttotal output,addressedcientistavorking
outside thereleasingfactors field. Sampletitles included: "Hypo-
thalamusReleasingHormones," "Physiology an@hemistry of the
Hypothalamus," andHypothalamicHormones:lIsolation, Charac-
terisation and StructurBunction." The details of specific substances
and assays or of theelationsbetween them werearely discussed in
these kinds of articles,which could be foundmost frequently in
advanced textbookgeferencebooks,nonspecialised journals, book
reviews, andinvited lectures. Thanformation inthesearticles was
often utilised by students or bycolleagues inoutside fields. Such
papers areboth incomprehensible tdaymen andunremarkable to
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colleagueswithin the field of releasindactors. They simply summar-
ize the state of the art foscientists outside thield. A third genre,
which made up 1percent of theaotal output, intudedtitles such as:
"Luteinizing Releasing-actor and SoatostatinAnalogs: Structure
FunctionRelationships," "Bological Activities of SS," and "Gem-
istry and Physiology oDvine and Synthetic TRF andRF." These
articles were specialised to thextent tha they made little sense
outside the specialtyThey werecharacterised by annusuallyhigh
number ofcoauthors (5.7compared with an average of 3.8 for all
papers) and weresuallypresented at professional meetingishin the
field suchasthe EndocrineSocietyMeetings andPeptideChemistry
Symposia.Articles inthis thirdgenreenabledcolleagues taatch up
onthe latestavailableinformation. Lastly, agenrewhich made up 55
percent of thetotal output comprisechighly specialised articles as
indicated by thdollowing exampletitles: "(Gly) 2LRF and Des His
LRF. The gnthesis purification andcharacterisation of two LRF
analogsantagonists to LRF" and "Somatostaitimibits therelease of
acetylcholine inducecklectrically in the myenteriplexus." Such
articles, which aimed to conveyminute pieces of infomation to a
selectband ofinsiders,were publishedmainly injournals such as
Endocrinology (18 percent),BBRC (10 percent), andournal of
Medical Chemistry (10 percent). Whereapapersfalling within the
first and second geres werethought to be importanin a teaching
context, onlythosearticles in thdatter two gnres (thensiderreviews
andspecialisedarticles) were eégarded bynembers of théaboratory
as containing new information.

By dividing the annuabudget of the laboratory by theumber of
articlespublished (and at theametime discounting those articles in
thelaymen'sgyenre), our observeralculated that the costpfoducing
apaper was$60,000 in1975 andb30,000 in1976. Clarly, papers
were anexpensivecommodity! Thisexpenditureappearseedlessly
extravagantf papershave no impact, and extravagantheap if
papers have fundamentalimplications for eitherbasic or applied
research. It mayherefore beappropriate tanterpret this expenditure
in relation to thereception ofpapers.

One preliminary method ofexamining the cost gbroduction in
relation to the receivedalue ofpapers ighrough an examination of
citation histories. Our observer used tB€l to trace the citations of
the 213 items'’ published byparticipantshetween 1970 and 1976.
ltemsthat were notited (articles bylaymrn, unpublishedlectures,
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and abstracts that were difficult to obtain) were then weeded out and
the remainder divided into those highly likely to be cited and those
(usually chapters of books or abstracts) that were not. Since the peak
of citation activity rarely occurred later than the fourth year following
publication, the observer calculated an index of each item's impact
based on citations in the year of publication and in the subsequent two
years.

The overall impact ratio (number of citations per item) was 12.4 c.p.i.
for the five years for which it could be calculated (1970-1974).
However, this figures conceals three main sources of variation.
Firstly, impact ratio varied according to genre. For example, when
only "regular" papers were considered, the impact ratio rose to 20
c.p.i. Furthermore, only 17 ofthe items identified as "regular" papers
and published in what participants referred to as "good" journals had
no impact whatsoever before the end of 1976. Secondly, impact ratio
varied overtime. It was 23.2 c.p.i. for the 10 items published in 1970,
but only 8 c.p.i. for the 39 items published in 1974. This particular
variation is explained by the fact that 1970 was the year of a major
discovery (see Chapter 3). Thirdly, as is evident from the right-hand
column of Table 2.1, impact ratio also varied by programme. Of the
three programmes we characterised earlier, those items concerning the
isolation and characterisation of substances had the highest impact
ratio (24 c.p.i.). Only one other category of activity, production of
analogs carried out in collaboration with clinicians (task three of the
second programme), had comparable impact (21 c.p.i.). Items resulting
from other activities had much less impact. The third programme, for
example, made up 22 percent of overall output (in terms of items
produced) but had an impact ratio of only 10.6 c.p.i. Task two of the
second programme made up a similar proportion of overall output (24
percent) but had even less impact (7.6 c.p.i.).

If impact ratio is taken as a crude indicator of return on the initial
costs of producing items of literature, it is clear that a higher level of
return is not necessarily guaranteed by increased output. One dominant
factor would appear to be the extent to which items can appear as
"regular" papers. However, this is confused both by variations over
time and by the particular activity associated with each item. We are
left, therefore, with the somewhat tautological speculation that items
which yield a high return are those with a high chance of addressing
issues of concern outside the laboratory.
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STATEMENT TYPES

Although citationsrevealedthat items hadvarying impact, our
observerfelt that he hadliscoveredittle about whythis was thecase.
Onereaction to thikind ofproblem is toengage in moreaphisticated
andcomplexmathematicalanalysis oftitation histories, in the hope
thatsomeclearlyidentifiablepattern ofcitationswill emerge'® Butour
observer wasinconvincedhat thiswould alleviate his basidifficulty
of understanding whytems were cited in théirst place. Instead, he
reasonedhatthere must be something in tleententof paperswhich
would explain how thg were evaluated.Accordingly, ourobserver
began toperusesome of thearticles inorder toferret outpossible
reasons fotheirrelative value Alas, it was all Ginese to him! Many
of the terms wererecognisable as the names of substances, or of
apparatus andhemicalswhich he hadalreadycome across. Halso
felt that the grammar and thbasic structure ofsentences was not
dissimilar tothose he usetlimself. But hefelt entirely unable tograsp
the"meaning" othese papers, leloneunderstand how suaheaning
sustained an entireulture. He wasreminded momentarily of an
earlierstudy ofreligiousritualswhen,havingpenetrated to the core of
ceremonialbehaviour, he hadound onlytwaddling andwaffling. In a
similar way, he had nowiscovered that the engroducts ofh complex
series ofoperationscontainedcompletegibberish. Indesperation he
turned to participants. But hiequests foclarification ofthemeaning
of paperswere met withretorts that the papers had ndnterest or
significancein themselvesthey were onlya meanof communicating
"importantfindings.” When furtherasked about th@ature ofthese
findings, participants merelyrepeated aslightly modified version of
the content of thepapers. They arguethat theobserver wadaffled
because his obsessiveterest inliterature hadlinded him to theeal
importance ofth@apers: only byabandoning hisnterestin theapers
themselvegould theobserver grasp the "trueeaning" of théfacts"
which the papercontained.

Our observermight have becomeextremely depressed by parti-
cipants"scorn, were it not for the fadhat participantsimmediately
resumedtheir discussion of drafts, theorrection andrecorrection of
galley proofs, and theinterpretation of varioustraces andfigures
which hadjusbeenproduced byinscriptiondevices. At thevery least,
reasoned oupbserver,there must be atrongrelationshipbetween
processes ofiterary inscription and thé'true meaning" ofpapers.
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The abovedisagreemenbetween observer arghrticipanthinged
on a paradoxwhich hadalreadybeenhinted atseveral timesiuring
this chapter. Th@roduction of gpaper dependsritically on various
processes afiriting and eading which cafe summarised abterary
inscription. The function of literary insciption is the successful
persuasion afeaders, but theeaders are onlfully convinced when all
sources opersuasiorseem tchave disappeared. In otheords, the
various operdons ofwriting ard readingwhich sustain an argument
are seen byparticipants to be largelyrrelevant to"facts,” which
emergesolely by virtue of thessame operations. There ifen, an
essentiatongruence between'fact" and thesuccessfubperation of
variousprocesses dfterary inscription. Atext or statement can thus
be read as"containing” or "leing about a factihenreaders are
sufficientlyconvinced that there is ne@bateabout it and the processes
of literary inscription areforgotten. Conversely, one wayf under-
cutting the"facticity" of a statement is bylrawing attention to the
(mere)processes dfterary inscription which make thefact possible.
With this in mind, our observerdecided to lookcarefully at the
different kind ofstatements to bfound in thepapers. Imparticular, he
was concerned taelineate theextent towhich some statements
appeared moréact-like thanothers.

At one extreme,readers are so persuaded of thastence of facts
that no explicitreference is made to them. tther words,various
items ofknowledge aresimply taken forgranted ancutilised in the
course of arargument whose maiburden is theexplicit demonstra-
tion of someother fact.Consequently, it wadifficult when reading
articles consciously taote theoccurrence dfaken-for-granteddcts.
Instead, they mergednperceptiblyinto a background ofoutine
enquiry, skills, andtacit knowledge. It wa.obvious to oumbserver,
however, thaeverything taken aseéf-evident in thelaboratory was
likely to have been theubject okomedispute inearlierpapers. In the
interveningperiod agradual &ift had occurredwhereby arargument
had beertransformedrom an issue dfotly contestedliscussiorinto
awell-known, unremarkable andioncontentioudact. The observer
thereforeposited afive-fold classificatoryscheme corresponding to
differenttypes oktatementsStatements corresponditmataken-for-
granted fact were denotdgpe 5statementsPreciselybecausehey
weretaken for granted, owrbserverfound that suclstatements rarely
featured in discussienbetweenlaboratory members,except when
newcomers to thlaboratory requiredomeintroduction tothem. The
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greater theignorance of a newcomer, thtieeper theinformant was
required tadelveinto layers ofimplicit knowledge, andhe fartherinto
the past. Beyond acertain point, persistentquestioning by the
newcomer about'things that everybodyknew" wasregarded as
socially inept. In thecourse of onediscussion, forexample, X
repeatedly arguethat "in thegrid test rats dmot react as ithey were
on neuroleptics." For X, théorce of theargument was clear. But for
Y, a scientistworking in a different field,there were preliminary
guestions to ask!What do you mean by grid test?"Somewhat
taken aback, >topped, looked at Y, and adopted the tonetedaher
reading fromatextbook:"The classiccatalepsy test isaerticalscreen
test.You have a wire mesh. You put t@imal onthewire mesh and an
animal which hasbeeninjectedwith neuroleptic will remain in this
position. Ananimal which isuntreatedwill justclimb down" (1X, 83).
For X, his earliereference to thassay was type 5statementvhich
required ndurtherexplication.After this interruption, Xadopted his
previous excitedone andreturned to theoriginal argument.
Scientific textbooks were dund to contain alarge number of
sentenceswith the stylisticform: "A has acertainrelationship with
B." Forexample,"Ribosomalproteinsbegin tobind to pre-RNAsoon
afterits transcriptionstarts"(Watson,1976:200). Expressions dhis
sortcould besaid to betype 4statementsAlthough therelationship
presented in thistatemenappearaincontroversial, it is, bgontrast
with type 5statementsmadeexplicit. Thistype ofstatement ioften
taken as therototype ofscientific assertion.However, our observer
found this type of statement to berelatively rare in the work of
scientists irthe laboratoryMorecommonly type 4statements formed
part of the acceptenowledge disesminated througteachingtexts.
Another kind of statementonsisted oexpressionsvith the form,
"A hasacertainrelationship with B," which werembedded in other
expressions: "It isstill largely unknown which factors cause the
hypothalamus towithhold stimuli to the gonads" (Scharrer and
Scharrer, 1963). "Oxytocin igenerallyassumed to be produced by
the neurosecretorgells of theparaventriculamuclei" (Olivecrona,
1957;Nibbelink, 1961 ).These weraeferred to asype 3statements.
Theycontainedstatement@boutotherstatementsvhich ourobserver
referred to asmodalities’® By deleting modalities from type 3
statements it is possible whtaintype 4statements. Theifference
between statements intextbooks and the abovenany of which
appeared inreview articles (Greimas, 1976), canhus be charac-
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terised by thepresence ombsence ofmodalities. Astatementlearly
takes on aifferent form whenmodalitiesdrop. Thus, tostate,"The
structure ofGH.RH wasreported to bexX" is notthe same as saying,
"The structure of GH.RHis X." Our observer foundnany different
types ofmodality. Oneform of statement, forexample, included a
reference and alate in addition to the basiassertion. Inother
statementsmodalitiescomprised expression®lating to themerit of
the author or to the priority ofvork which hadinitially postulated the
relationshipin question:"[T]his methodhasfirst beendescribedby
Pietta andMarshall. Various investigatorsclearly established[ref ]
" "More convincing evidence wasprovided by[ref]
[T]he first unequivocaldemonstration wagrovided by[ref.] .
(all quotationsfrom Scharrer and Scharrer, 1963).

As mentionedabove,manytype 3statements weréound inreview
discussions. Muchmore commonamong the papers anddrafts
circulated in thelaboratory werestatementavhich appearedrather
more contentiousthanthose inreviews.

Recently Odell [ref.] has reported thathypothalamic tissueswhen
incubated . . . wod increase theamount of TSH. It isdifficult to
ascertainwhether or not .. ..

At this time we do notknow whether thelong acting effect of these
compoundsextract totheir potentialinhibitory activity (Scharrer and
Scharrer,1963).

Statements of tlsi form appeared to oupbserver tomore nearly

constituteclaimsrather than establishlefacts. This wasbecause the
modalities which encompassedkxpressions obasic relationships
seemedto draw attention to thecircumstancesaffecting the.basic
relationship. Statementscontainingthese kinds of modalities were
designatedype 2 statements. Foexample:

There is a largéody ofevidence tosupport theconcept ofa control of
the pituitary by the brain.

Therole ofnitrogen 1 and nitrogen 3 of thenidazole ring ohistidine in
TRF and LRF seems to be different.

It is unlikely that racemizatioroccursduringesterification with any of
the above procedures, butittle experimentalevidence isavailable to
supportthis point(Scharrer and Scharred,963).

More precisely,type 2 statementscould beidentified ascontaining
modalitieswhich draw attention to theyenerality ofavailableevidence
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(or the lack of it). Basicrelationships arethus embeddedwithin
appeals to "what igenerallyknown" or to"whatmight reasonably be
thought to be the case." Thedalities intype 2statements sometimes
take the form of tentative siggestions,usually oriented to further
investigationswhich may elucidate thevalue of the relationship at
issue:

It should not beforgotten thathypothalamic tissues contain non-
negligible quantities of TSH . . which may furthercomplicate the
interpretation ofthelata. . . Itwould bénteresting taascertairwhether

or not their material issimilar. ... It issomewhatpuzzling that . . .

(Scharrer and Scharrer, 1963).

Type 1 statementscompriseconjectures oispeculations(about a
relationship)which appeamostcommonly at the end gfapers, or in
private discussions:

Peter [ref.) has suggestedthat in goldfish the hypothalamus has an
inhibitory effect on thesecretion ofTSH.

There is alsothis guy in Colorado. They claim thatthey have got a
precursor for H .... | just got thpreprint oftheir paper(Il1, 70).

It may also signify that noteverythingseen,said andreasoned about
opiates maynecessarily beapplicable forthe endorphins.

By this stage,then, ourobserver haddentified five differentypes of
statement. At firsglance itseemedhat thesdypes couldbe arranged
in abroadcontinuum such thaype 5statements represented the most
fact-like entities andype 1the mog speculativeassertions. It would
follow thatchanges irstatement type wouldorrespond to changes in
fact-like status. Forexample, thedeletion ofmodalities in atype 3
statement wouldeave atype 4 statementwhosefacticity would be
correspondinglyenhanced. At a generéével, thenotion thatchanges
in statement type mayorrespond tochanges infacticity seems
plausibleenough. At thelevel of empiricalverification, however,this
generalschemeencounterscertain difficulties.

In any given instance, thereseems to be naimple relationship
between the form of a stament and thelevel of facticity which it
expresses. This can Emonstrated, foexample, by considering a
statementvhich contains arassertionabout therelationshipbetween
two variablestogetherwith a reference. As it stands, oobserver
would classify this statement as aype 3 where the modality is
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constituted by théncludedreference Undoubtedly, theleletion ofthe
modality would leave &pe 4statement. It is questionableowever,
whether this woulenhance odetractfrom thefact-like status of the
statement. On the oneand, wecould argue that thenclusion of a
reference drawattention to circumstancesirrounding tle establish-
ment of therelationship inquestion and thathis, by implication,
renders theelationshiplessindisputable andencelesslikely to be
taken forgranted. Bynoting thathumanagency wasnvolved in its
production, theinclusion of areference dninishes thdikelihood that
the statemenwvill be accepted as atobjectivefact ofnature.” On the
otherhand, itcould be argued that theclusion of areference lends
weight to a statementhich otherwise appears toe an unsupported
assertion.Thus, it is only byirtue ofthereferencehat the statement
achieves anyegree ofacticity.

Thedetermination of theorrect or more appropriataterpretation
ofthe function of a modality willdependcritically on ou knowledge of
the context in eactparticularcase. If, forexample, we have good
grounds for supposgthat the inclusion of a modality inpgaper was a
presentationaldevice designed tecenhance theacceptance of a
statement, then the onusupon us to provide details of the context in
which this device was sased. There are, oburse, those whargue
that this kind of determinate relationshipelween context and a
particularinterpretation of astatemensimply does noexist. For our
purposeshowever, it issufficient tonotethatchanges in the type of
statemenprovide thepossibility of changes in théact-like status of
statementsEven though, in anyndividual instance, we may not be
ableunambiguously tspecify thedirection of change ifiacticity, we
retain the possibilitgha such changesan correspond tahanges in
statementytpes.

Because he was aware of theoblemsboth of pecifying thefact-
like status of any given statement and of specifying direction of
change ofacticity in any example, owbserver felt he could not stake
agreat deal on thdeterminacy oforrespondencketween statement
type and fact-likestatus.Nevertheless, heealised that the notion of
literaryinscription hadprovided ausefultool. Although heunderstood
little of the content of thepapers he was reading, he had developed a
simple gammatical technique fodistinguishingbetween types of
statementsThis, hefelt, enabled him t@approach thezery substance
of scientists' statementgithouthaving entirely to rely on p#icipants
for elucidation orassistancekFurthermore, to thextent that changes
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in thegrammaticaform ofscientists' statemenpsovided thepossibil-
ity of changes irtheir content (or fact-likestatus), he could portray
laboratory activity as aconstantstruggle for thegeneration and
acceptance oparticulartypes of statement.

THE TRANSFORMATION OF STATEMENT TYPES

Despite thesimplicity of theclassificatory shemepresentedbove
(and summarized ikigure 2.3), it ateast provided our anthropologist
with atentativemeans obrdering hisobservations of the laboratory
which was consistentwith his earliernotion of literary inscription.
Activity in the laboratory had té effect oftransformingstatements
from one type tanother. The aim of thgame was t@reate as many
statements apossible oftype 4in the faceof a variety of pessures to
submerge assertionis modalities suctihat theybecameartefacts. In
short, the objective was fwersuade colleagues ththtey shoulddrop
all modalitiesused inrelation to a particulaassertion andhatthey
shouldaccept and borrow thiassertion as aestablished matter of
fact, preferably by citing thepaper in which itappeared. But how
precisely is this achieved? What exactly are ttperationswhich
successfullytransform statements?

Consider thefollowing example, inwhich Johninterrupts K's
description of an assay which theeffect of LH hadapparently been
blocked.

John: Sincemelatonin inhibits LH wecannot be sure that you are not
simply measuringmelatonin.

K: | don'tbelievethese data on the release of LH mglatonin . . .
not in my sytem (VI, 18).

Instead ofsimply accepting K'sprevious statement, John adds a
modality ("we can not be sure") to thenstatedassumption that the
investigatorsvere"not simply measuringnelatonin."John thusasts
doubt on anoriginal unstated, antiencetype 5statement by using a
gualification about the consensual ¢ainty which investigators
("we") areentitled toassume. As a result, the origirtgpe Sstatement
is transformed into ahighly conjectural type 2 statement. The
transformation ismade particularly effective in thiscase by the
precedingjustification for investigator'slack of sureness!Since
melatonin inhibits LH" constitutes the use of gpe 4 statement to
justify the addition of amodality to theoriginally unstatecassumption.
K's responseattempts torecast John'gistificatory type 4 statement
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Figure 2.3

This diagram represents the different stages a statement—A.B—under-
goes before becoming afact. Afactis nothing buta statement with no
modality—M—and no trace of authorship. The last stage—5—char-
acterises the implicitdimension of something so obvious thatitdoes
not even have to be said. To move a statement from one stage to
another, operations have to be performed. As indicated by the
arrows, a given statement may move toward a fact-like status—from 1
to 5—or toward an artefact-like status—from 5 to 1-——(see Ch. 4).
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by adding amodality. By"not believing" circumstancesurrounding
the establishmenof "melatonin inhibitsLH," K tries to undercut

John's attempt tandercut theunstatedassumptiorthat "you are not
simply measring melatonin."

A secondexample is an excerpt frompaper written bylohn: 'Our
original observations(ref.) of the effects of somatostatin on the
secretion of TSH have noween confirmed in other laboratories
(ref.)." John hadwritten anearlierpaper, to which hérst refers, and
the statements containettherein hadbeen subsequentlyconfirmed.
Whereas thestatement, "the effects ®dmatostatin on thgecretion of
TSH," hadoriginally appeared as @aim oftype2, it now appears as
an assertion embeddedithin references and enhanced by thedal-
ity "havenow beenconfirmed." In this way, John wable to borrow a
statementmade by others in ordeto transform his owninitial
statementinto type 3.

The aboveexamples demonstrate the use of netatedoperations.
The first effects achange in the existingnodality which can either
enhance or detract fromme facticity of agiven statement. Theecond
borrows arexisting statemertype in such a wathat its facticity can
be either enhanced or diminished (Latour976).

Theobserver was now able toink ofwhat had previouslpppeared
aconfusednixture ofpapers in terms of a netwooktexts containing a
multitude of statements. The netwoitself comprised a largbody of
operations on and betwe#mes statements. iwouldthus bepossible
to document thehistory of a particular assertion as it became
transformedfrom one statementype into another and as its factual
status wagontinually diminished oenhanced as the result of various
operations. We havealready specified, in apreliminary way, the
nature ofoperations bywhich staterenttypes becomesransformed.
Let us now examine inmoredetail one criterion for theuccess of an
operation.

Our observer recalled that thimscriptions producedy certain
configurations ofapparatus werétaken seriously" if theyould be
read asdheing thesame as othdnscriptionsproducedunder thesame
conditions. Insimpleterms, paticipantswere moreconvincedhat an
inscription unambiguouslyrelated to asubstancé'out there," if a
similarinscriptioncould also bdound. In the same way, an important
factor in the acceptance @étatement was theecognition by others of
anotherstatement which wasimilar. Thecombination of twer more
apparently similar statementsconcretised the existence sbme
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externalobject orobjective condition ofvhich the statements were
taken to be indicatorsSources ofsubjectivity" thusdisappeared in
the face of more than orstatement, and thimitial statementould be
taken afacevalue andvithoutqualification(cf., Silverman, 1975). It
is in this manner thatour scientists,when noticing a peak on the
spectrun of a Chromatograph,sometimes rejected it as noise. If,
however, the same peak wssen to occur morthanonce(under what
were regarded amdependent circumstances),wis often said that
there was asubstance there affhich the peaks were a trace. An
"object" was thusachieved through theuperimposition of several
statements or documents in suzhvay that all thestatements were
seen torelate tosomethingoutside of, orbeyond, the reader's or
author's subjectivity?® Similarly, the introduction, or rather the
reintroduction, of arauthor'ssubjectivity as esentially linked to the
production of astatementould be used to diminish tHactual status
of the statement. In the laboratory, "objs" wereaccomplished by
the superimposition of severalocumentsobtained frominscription
deviceswithin the laboratory or frompapers byinvestigators outside
thelaboratory (cf.,Chapter 4). No statemenbuld bemade except on
the basis ofavailable documents;statementsvere thus loadedwith
documents andmodalities which constituted anevaluation of the
statement. Corejuently,grammaticalmodalities ("maybe," defi-
nitely established,""unlikely," "not confirmed") often acted like
price tags ofstatements, or, to use raechanical analogylike an
expression of thaveight of a statement. By adding orithdrawing
layers ofdocuments scientistscould increase or decreagpualifica-
tions and hence theeight of thestatement wamodified accordingly.
For example, onereferee'sreport included the following: "The
conclusion that theeffect of Pheno . . [to] release PRLin vivo is
mediated through thbypothalmusis premature."Three refeences
were thengiven, which furtherpulled the rugrom under the authors
conclusion. Thusalthough the author had presenteddt@stement as a
type 2or 3, the refereerecast it interms oftype 1.Consideralso the
following: "The authors used a Polytronwhich is a much more
vigorousmeans otissue disruptionTo my knowledge,there are no
reports in the literatureof successful subcelluldractionation obrain
tissue disruption." Irthis case the refereeast doubt on these of a
machine whichproduced thedocuments on which thargument is
based. This was done bieference to a notablabsence of any
statementsvhich mighfustify andhenceenhance thauthors'original
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claim. As a result, the authors' (unsupported) claim must be read in
conjunction withdiminishingmodalities such a&here is no support
for this" and isconsequently to beegarded as worthless.

With the notion ofoperations betweefand on) statements in the
literature our observer began to feaiore confident in hisability to
understand the layowfindividual papers. As a briefindication ofthe
scope of theanalysiswhich thispermitted, let usook closely at one of
the papergroduced bythe laboratory(Latour, 1976; Latour and
Fabri, 1977).

The introductory paragrap refers to four dicles, previously
published by members of thiaboratory, inwhich they positd the
structure of a particulasubstance B. Thiseferencing can beead as
the invocation ofdocuments whictbear upon theresentproblem.
Morespecifically, the use ofthepastpapers can beead aproviding
support for thepresent enterprise. (Thgrounds for thisparticular
reading are simply that the fouysapersthemselvesreceived 400
citations, all of which appearconfirmatory.) At thesametime,
however, the papers athemselvestaken asstatementtype 3 for
which furthersupport is to berovided by theoresent argumentthis
shortnote reports databtained in ratsvhichconfirm and expand our
early results' Thethree following paragraphsummarize the way in
which inscription deviceswere set up so af obtain data. The
information appears here in the form tfpe 5statements. Irother
words, knowledge is invokedvhich is socommon to an audience of
potential readers that nccitations are necessary'All synthetic
preparations of substance B hfadl biological activity asascertained
in 4 or 6 point assaysn vitro with factorial analysis."

In each of thenext statement$rom the "results"section of the
paper,reference is made to fgure.

"The results shown in Fig. 2 demonstrate thasubstance B
significantly lowersbloodlevels of GH for 20 to 40 mn but not for 40 to
50 mn." Each figure thuscts as aidied representationfdocuments
(obtainedfrom a radioimmunoassayWwhich is used in the text to
support aparticularpoint. It is not simply thatthe resultsdemon-
stratethat. . . ."Rather,these resultbave arexternalreference and
anindependenexistence which can bsupported by the presence of
"Fig. 2." Theinclusion of"shown in Fig. 2"can thus provide an
enhancedeading of an otherwise unsupportgdim about theresults.
Subsequendiscussion comprisethree paragraphs, which refer back
to theformer "results"section ("Thesexperiments showhat....").
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The "results" section is itself based digures which are, in turn,
dependent on the inscription devices describadier. The result of
this accumulation obackreferences is an impression of objectivity:
the "fact” that "synthetic substance iBhibits GH inrats" can be
taken by the reader asdependent ofthe authoissibjectivity and thus
worthy of belief.

At the same time theestablishment of one statemeapens up
discussion of others®The mechanisms dction of thebarbiturate
in ... are not well understood." Themodality "are not wellunder-
stood" is notintended todiminish someprior claim about "the
mechanisms dction of thebarbiturate.” Instead, itsiclusion in this
context amounts totentativesuggestion for areas fafturework. The
statement is thus d¢fpe 1or 2. As aresult subsequent discussion
focuses on thistatement as aew proposition: "W]e might as well
envisagghem [the mechanisms] as involvininhibition ofsecretion of
endogenousubstance B, hypothesis which is not incompatibléth
thedata."Finally, the new statemeiglinked to adeonticoperation?*
"This hypothesis will best be appached bysometype of radio-
immunoassawtill to be developed.”

It should notbe forgotten,however, that this paper itself part of a
long series obperationswithin thefield. The SCI shows thdtetween
1974 and 1977 tkipaper received 6Zxplicit citations from 53
papers. Ofthese, 31 appedamply to haveborrowed tke conclusion
(thatsynthetic substance Bihibits GH as well asaturalsubstance B
in the rat) as a fact and used it imeir introduction;eight papers
focused solely on thEinal deonticoperations in the paper in psuing
the suggestion fofurtherwork; two papers by the same thor cited
the abovepaper azonfirmatory evidence dfis ownearlierwork; and
four papers usedresh datafurther toconfirm the originalstatement.
Only one paper raisedioubts about the usi# the assay inobtaining
one of the figures mentioned in the fth statement ("there are
discrepancieshetween their results andours"). This onepaper
examinedabove thusprovided thefocus of avariety of operations
performed bylater articles. Itsweight dependedoth on its use of
earlier literature,inscription devices, documents, asthtements as
well as onsubsequenteaction to it.

Conclusion

A laboratory isconstantly performing operatisron statements;
adding modalities, citinggenhancing,diminishing, borrowing, and
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proposing newombinations. Each ¢fieseoperations can resultin a
statement which igitherdifferent ormerely qualified. Eachstate-
ment, in turn,provides thefocus for similar operations inother
laboratories.Thus, members afur laboratoryregularlynoticed how
their own assertionswvere rejected,borrowed, quoted,ignored, con-
firmed, or dissolved bythers. Some laboratories were seen to be
engaged in thdrequent manipulation oftatementswvhile elsewhere
there was thought toe little activity. Somegroups produce almost at a
loss: they talk andpublish, but no oneperates ontheir statements. In
suchacase, statement can remaaast as ape I, aclaim lingering in
an operational limbo.By contrast,other assertions can be seen to
changeheir statugapidly, followingakind of alternatedance, ashey
areproven, disproven, angroven againDespite thdargenumber of
operations performed ahem, they rarelghangetheirform radically.
Thesestatementsepresent anere fraction of théhundreds oartefacts
and half-born statements whictstagnate like a vast cloud sfog.
Commonly, attentiorshifts from these to othestatements. Irsome
places, however, we can discern a clearer picture. Onettar
operationirrevocably annihilates a statement nevier be taken up
again. Or, by contrastin situations where astatement is gigkly
borrowed, used ahreused, therguickly comes atagewhere it is no
longer contestedAmidst the generalBrownian agitation, a fact has
thenbeenconstituted. This imcomparatively rare event, but when it
occurs, astatementecomesincorporated in thestock oftaken-for-
grantedfeatures which have silentlgisappeared from the conscious
concerns oflaily scientific activity. Thefact becomesncorporated in
graduate texbooks orperhapsorms thematerialbasis for an item of
equipment. Suclfacts are ofterthought of in term®f the conditioned
reflexes of'good" scientists or as part and parcel of thegic" of
reasoning.

By pursuing thenotion of literaryinscription, ourobserver has been
able topick his waythrough the labyrinth. He can now explain the
objectives angroducts of the laboratory in his own terms, and he can
begin tounderstand howork is organised and wHiteraryproduction
is sohighly valued. Hecanseethatboth main sections (A and B) ofthe
laboratory are part of theame process tteraryinscription. The so-
called material elements of thiaboratory are basedpon the reified
outcomes of pastontroversies which aravailable inthe published
literature. As a result, it ithese samenaterial elementsvhich allow
papers to be wtten and points to be made. Furthermore, the
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anthropologisfeels vindicated irhaving retainedhis anthropological
perspective in théace of thebeguilingcharms of hisnformants: they
claimed merely to bacientistsdiscovering facts; heoggedlyargued
that theywere writers and readers tine business obeingconvinced
andconvincingothers. hitially this hadseemed a moot @ven absurd
standpoint, but now &ippeared far more reasonable. The problem for
participants was to persuadeaders of paperg¢and constituent
diagrams and figureghat its statementshould be accepted as fact.
To this end rats had been bled and beheadi®dis had been figed,
chemicalsconsumed, timespent, careers had been maddarken,
and inscription deviceshad been manufactured and accumulated
within the laboratory. This, indeed, was the very raison d'stre of the
laboratory. Byremainingsteadfastly obstinategur anthropological
observer resisted thtemptation to be convinced by the faclisstead,
he was able to portray laboratorgctivity as theorganisation of
persuasiorthrough literary inscription. Has th anthropologist him-
self beenconvincing? Has he usesufficientphotographsdiagrams,
andfigures to persuade his readers nogtalify his statementswith
modalities, and tadopt hisassertions thatlaboratory isa system of
literary inscription? Unfortunately, for reasonswhich will later
becomeclear (seeChapter 6), the answer has to be no. ddanot
claim to have set forth an accowvttich is immune from all pogsility of
future qualification. Intead, thebest ouobserver hadone is tacreate

a small breathingspace. The podsility of future rZZvaluation of his
statements remains. As we shall &¢he next chapterfor example,
the observer can Herced back into théabyrinth assoon agjuestions
are posedabout thehistorical evolution of any one speciffact.

NOTES

1. We stress that "thebserver" is dictional character so as to draw attention to
the proceswhereby we arengaged irconstructing araccount (se€hapter 1). The
essential snilarity of our procedures forconstructing accounts anthose used by
laboratory scientists igenerating andustaining facts wilbecomeclear in the course of
our discussion. Theoint is taken upexplicitly in Chapter 6.

2. The notion ofnscription as takefrom Derrida ( 1977)Yesignates an operation
more basit¢han writing(Dagognet,1973). Itis usetiere tasummarize alfraces spots,
points, histogramsrecorded numbes, spectra,peaks, and so on. See below.

3 A file of photographs of th laboratory ispresented afteChapter 2

4. See note 2.
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5. This notion of inscription device is sociological by nature. It allows one to
describe a whole set of occupations in the laboratory, without being disturbed by the
wide variety of their material shapes. For example, a "bioassay for TRF" counts as one
inscription device even though it takes five individuals three weeks to operate and
occupies several rooms in the laboratory Its salient feature is the final production of a
figure A large item of apparatus, such as the Nuclear Magnetic Resonance
Spectrometer, is rarely used as an inscription device It is used instead to monitor a
process of peptide production. However, the same apparatus, a scale for instance, can
be considered an inscription device when it is used to get information about a new
compound; a machine when it is used to weigh some powder; and a checking device
when used to verify that another operation has gone according to plan

6 Our observer was well aware of the popularisation of the term due to Kuhn
(1970) and of the subsequent debates over its ambiguity and significance for models of
scientific development (see, for example, Lakatos and Musgrave, 1970).

7 We use the term "peptide" throughout the following argument One classical
textbook definition of the peptidic bond is as follows: "A covalent bond between two
amino acids in which the alpha amino group of one amino acid is bonded to the alpha-
carboxyl group of the other with the elimination of H,O" (Watson, 1976) In practice,
"peptide" is a synonym for a small protein. However, it is important to realise that such
terms need notbe defined as ifthey have a universal meaning beyond that of the specific
culture in which they are used As ifthey were the terms used by the tribe under study,
we shall enclose such terms in quotes in our discussion and attempt to account for them
in nontechnical terms

8. There are only some twenty amino acids in the body; proteins and peptides are
made up exclusively of these amino acids; each amino acid has a name, for example,
tyrosine, tryptophene, and proline In the text we often use a simple abbreviation of
these names (which uses the three first letters of the amino acid name).

9 These very crude figures are intended merely to give a general idea of the scale
They are based on the volume of space devoted to different topics in the Index Medicus.

10 Once again, these divisions are extremely artificial in that they are much too
large and rigid to correspond directly to members' appraisal of their activities On the
other hand, these programmes have become very stable and routinised by comparison
with those of other laboratories Our intention here is merely to provide the reader with
the backcloth necessary for understanding subsequent chapters.

11. The observer would be told, for example, that "when a chemist shows the
spatial configuration of somatostatin is such that a particular amino acid is very exposed
on the outside of the molecular structure; it may be that by replacing or protecting it,
some new activity will be observed "

12 It would be wrong to take differences between what is and is not technical in
science as the starting point These differences are themselves the focus of important
negotiations between members. This idea has been especially developed in sociology of
techniques by Gallon (1975). See also Chapter 1 p. 21ff and Chapter 6.

13. The same tendency is evident in sociological discussions of science which
uncritically adopt the attitude that material phenomena are manifestations of concep-
tual entities

14 During the first year of the study a new method of chromatography was tried in
the laboratory Albert worked on it for a year trying to adapt it to the purification
programme of the group. As soon as it became settled, Albert turned the instrument over
to a technician, after which it became a purely "technical" matter
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15. Thesecalculations ar@nly approximate: they arbased on theverall budget
of the laboratory as computddom grant applications. The activation of the laboratory
costabout onemillion dollars. This was simply toonnect thespace to theest of the
institute (Photograph 1))buying theequipment on thegeneralmarket costapprox-
imately $300,000 ayear; Ph.D. holders earan average 0%$25,000 ayear, while for
technicians thdigure is nearer $9,000 ayear. Thetotal wagebill tops half amillion
dollars a year. The total budgettbe laboratory is one andhalf million dollars a year.

16 The advantage of a well-keppublication list is that itincludesevery item
produced by the groupncludingrejected articlesunpublishedectures, abstracts, and
so on The following figures areintended to convey an idea tfe scale of article
production. Ofcourse, only a stable labatory canprovide areliable publicationlist.

17. Weusetheterm"item" torefer to all thedifferenttypes ofpublished materials,
articles, abstracts,lectures, and so on

18. It is interesting to na the differencesbetweenthose who argue that the
development of aheory of déting behaviourshould necessarilyprecede the use of
citation data by aciologists and those who argue that thevelopment of a citation
typology will enable the analyst tovercometechnical difficulties in thaiseof citation
data. See, forexample, Edge (1976) andother contributions to thelnternational
Symposium orQuantitativeMethods in the History dbcience,Berkeley,California,
August 25-27, 1976. See also thgecial issuef Social Studies of SciencdZ; May
1977)

19. Inits traditional aristoteliaimeaning d@modality" is "a proposition iwhich
the predicate isaffirmed or denied of theubject with anykind ofqualification" (Oxford
Dictionary). In amore modern sense, amodality is anystatementaboutanother
statement (Ducrot andodorov, 1972). Thefollowing discussion owes much to
Greimas(1976) andFabbri(private communication,1976)

20. The notion of'object" is used herdecause it has a root in commaurith
"objectivity " Whether a given statement isbjective or subjective cannot be
determinedoutside the contexdf laboratorywork This work is precisely intended to
construct arobject which can be said #xistbeyond anysubjectivity(seeChapter 4)
As Bachelard(1934) put it"science is not objectivei is projective."

21. In semiotics, theerm"deontic" is used toesignatethetype of modality which
indicateswhat"ought" to be don¢Ducrot and Todorov1972).Although verycrude,
this analysis isintended, like theest ofthis chapter, to do nenorethan introduce the
generalproblem of scientifiditerature.More precise discussion cdrefound inGopnik
(1973), Greimas(1976) andBastide(forthcoming).



Chapter 3

THE CONSTRUCTION OF A FACT:
THE CASE OF TRF(H)

In the last chapter, we portrayed an anthropologist making his way
through the laboratory and constructing an account in his own terms of
the activity he saw. We presented the laboratory as a system of literary
inscription, an outcome of which is the occasional conviction of others
that something is a fact. Such conviction entails the perception that a
fact is something which is simply recorded in an article and that it has
neither been socially constructed nor possesses its own history of
construction. Understanding the nature of a fact in these terms would
obviously hinder any attempt to implement what has been called the
"strong programme" in the sociology of science.' In this chapter, we
shall attempt to examine in detail how a fact takes on a quality which
appears to place it beyond the scope of some kinds of sociological and
historical explanation. In short, what processes operate to remove the
social and historical circumstances on which the construction of a fact
depends? In order to pursue this question we confine our discussion to
aparticular concrete example and to the social construction ofa single
fact. In particular, we shall specify the precise time and place in the
process of fact construction when a statement became transformed
into a fact and hence freed from the circumstances of its production.
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A fact only becomes such when it loses all temporal qualifications
and becomes incorporated into a large body of knowledge drawn upon
by others. Consequently, there is an essential difficulty associated
with writing the history of a fact: it has, by definition, lost all historical
reference. There is a marked difference between a contentious
statement and its subsequent (or prior) acceptance as established fact
(cf., Chapter 2). Historians of science endeavour to reveal the
intervening process of metamorphosis, usually by taking established
facts as their starting points and extrapolating backward ( for example,
Olby, 1974). However, this approach necessarily makes it difficult
fully to appreciate a situation in which there is no path. Most of the
time, historical reconstruction necessarily misses the process of
solidification and inversion whereby a statement becomes a fact (see
Chapter 4) and this is why some sociologists of science(Collins, 1975)
have suggested that it is more useful to monitor contemporary debate
than to rely on historical accounts. In spite of these basic methodological
difficulties (well known to practitioners of history of science), we shall
attempt to reconstruct certain historical events in our laboratory for
three main reasons. Firstly, we mentioned in the last chapter that the
achievements of the laboratory and the credit bestowed on its members
resulted from the characterisation of three substances (TRF, LRF,
and somatostatin). The establishment of a new laboratory in 1970 was
intended further to develop the achievements of the 1969 programme
for the study of TRF. As a result, it was hard to find a single piece of
equipment, a grant application, an aspect of behaviour or even a
feature of spatial organisation in the laboratory which did not in some
way depend on the earlier discovery of TRF. Secondly, the analysis of
the construction of TRF turned out to be of manageable size. We were
able to accumulate all articles pertaining to TRF (see below for the
definition of this corpus), to undertake fifteen interviews with major
participants, and to gain access to the archives of the two groups
engaged in the TRE(H) research effort.” This relatively comprehen-
sive collection of material on one comparatively minor episode
provides the basis for a detailed analysis of the social construction of a
fact. Thirdly, we have chosen to study the historical genesis of what is
now a particularly solid fact. TRF(H) is now an object with a well-
defined molecular structure, which at first sight would hardly seem
amenable to sociological analysis. Ifthe process of social construction
can be demonstrated for a fact of such apparent solidity, we feel this
would provide a telling argument for the feasibility of the strong
programme in the sociology of science.
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In short, our objective in sdying thegenesis of TRF is siultane-
ously to provide @ackgroundnecessary fosubsequenthapters, to
explicate theinfluence and the maialaims to credit of the laboratory,
and to provide support for the vie that hard facts aréhoroughly
understandable iterms of theirsocial construction.

In one sense,historical accounts arenecessarilyliterary fictions
(De Certeau,1973; Greimas,1976; Foucault,1966). Historians, as
portrayed inhistorical texts, camrmove freely in the pastpossess
knowledge of thefuture, have theability to surveysettings inwhich
they are not (and nevewill be) involved, haveaccess to actors'
motives, andratherlike god) areall-knowing andall-seeing,able to
judge what is good anblad. They camproducehistories in which one
thing is the"sign" of another and inwhich disciplines andideas
"burgeon,""mature," or "liefallow." Our ownhistorical interest in
this chapterhowever,does notattempt toimitate that of professional
historians. We donot attempt toproduce aprecise chronology of
events in theitld, nor todeterminewhat "really happened.” Nor do
we attempt an historical exposition of the development of the
speciality of'releasingfactors." hstead ourconcern isto demon-
strate how a hard fact can BeciologicallydeconstructedWith this
somewhat lamehistorical interest we hope tgrovide anenriched
study of thepastwhich avoidssome of thebasic contradictions and
lack of symmetry charactéstic of much history ofscience(Bloor,
1976).

TRF(H) in lIts Different Contexts

In order to avoideopardising ousociological objective byalling
prey to one of thenain pitfallsof historicalanalysismentionedabove,
it isimportant not testart from anyjknowledge ofvhat TRF(H) "really
is." We gart, therefore byspecifying the way inwhich the meaning
and significance ofTRF(H) vary according to thecontext oftheir
usage.

If we define anetwork as a set gfositionswithin which anobject
such as TRF has meaning, it is clear that ftheticity of anobject is
relativeonly to aparticularnetwork or networks. Oneonvenient way
roughly toassess thextent of a network iso ask how many people
know themeaning of theerm TRF (or TRH). We areonfidentthat it
would meanlittle or nothing to themajority ofreaders. Iteexpanded
form, Thyrotropin ReleasingFactor (Hormone), mightenable a
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number ofpeople toconnect the term witlthings scientific. Amuch
smallergroup could locate it in endocrinology. To a fewhousand
medics, forexample, TRRefers to a test afse in screening potential
malfunctions of the pituitaryalthough TRHitselfwould be otherwise
no more unusualthan other medical substances. Ta few thousand
endocrinologists, TRH referso a booming sibfield within their
discipline. Theseindividualswould recognise TRF as one ofamily
of recentlydiscoveredfactors. It islikely that asactive researchers
these endocrinologists will have read atleast some of the 698
publishedarticles (as ofLl975) with TRH in thditle (see Figure 2.2).
If they are physicianghey arelikely to haveread atleast one of the
reviews andtextbookswhich includediscussion on the substance. If
students,they will haveread about TRH in textbooks:

The mostdramaticneuroendocrinaliscovery madealuring theperiod
between theresent angireviouseditions of this text was thelucidation
of the structure of TRH, accomplishedvirtually simultaneously by
means of investigatorassociateavith thelaboratories oG uillemin and
Schally (Williams, 1974: 784).

Some of thehypothalamicreleasing and inhibitoryactors,which are
shortpeptides havéeenisolated anddentified . ... They argroduced
in only minute amounts, forexampleonly 1 mg of the thyrotropin
releasingfactor (TRF) wasobtained fromseveraltons ofhypothalamic
tissuesobtainedfrom the shughterhouseldentification and synthesis of
some of thereleasing andnhibiting factors in the labratories of R.
Guillemin and A.V.Schally andthers haveen aroutstandingadvance
in biochemical endocrinologyLehninger, 1975: 810).

In spite of its "outstandingadnd"dramatic"character, nanorethan a
few lines are évoted to thaliscovery in worksnore than 1000 pages
long. For mosteaders of these texts, knowledge of TRHinsited to
these few lines. However, foranyresearchers argraduatestudents,
TRH is notjust a recentlydiscovered structure. i asubstance which
can be utilised in setting up nevbioassays. Tdook at, TRH is an
unremarkablewhite powder, which haseither been purchased from
somelargechemical firm or has beegiven by acolleague. The origin
of TRH samples is referred tin articles under sections entitled
"Acknowledgments"("we thank Dr. X formaking TRFavailable to
us") or"Materials andMethods"("TRH was purchased from . . . .").
However, TRHalso appears inarticles asa well-establishedfact.
Reference to therigin of the concept is made, albeitith decreasing
frequency(see Figure3.1), by means of &il of perfunctorycitations
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This diagram combines two sou rces of information. On the left axis,
we plotted the number of citations made to the final articles published

on TRF by Schally (G.I) and by Guillemin ( G.Il). It is clear that the
creditNas measured by citationsNis n early identical; it is also clear
that less and less citations were made as TRF(H) becameat aken-for-
grante d fact. On the right axis, we plotted the number of  articles with
TRF(H) in thetitl e (see Fig. 2.2). The diff erence betweenthe s lopes of
the left and right cu rves illustrates the transfo rmation of the fact.
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of oneortwo of acertain set oéight papersWithin this network, then,
TRH is accepted as fact in the senséhat it is suffcient to know that
"TRH regulates the release by thgituitary of TSH," that "its
chemical formula is Pyro-Glu-His-Pro-NH" and that it can be
purchasedfrom this or thatchemical company.At least, this is
sufficient to enable the production oérticles with titles such as
"Investigationsconcerning TRFinduced hypothermia inrats" or
"The effect of synthetic TRH on transmembranpotential and
membraneresistance oddenochypophysiatells." The main force of
arguments in thesarticles concerns a probleother thanthe char-
acterisation of TRF; TRF is usesimply as atool. Forinvestiga-
tors, such use of aharacterisedsubstancerather than an impure
fraction, in an assaymeans that one of manynknowns can be
convenientlyeliminated(Chapter 5, p205). TRFthusacts as dool
in these papers ithe sens¢hat it provides onéessconcern, orone less
source ofnoise, for theresearcher.

Forastill smallergroup, comprising a fewcoreindividuals andchalf
a dozen laboratories, TRH is nomerely atool. For them, TRH
represents and entireubfield. Indeed, for a few of théndividuals in
our dudy, it represented aifietime's achievement: TRH constituted
their professionalliife, thejustification oftheir main claim to credit and
position.

It is clear, then, that TRF can take on different meaning and
significance depending on thgarticular network ofindividuals for
which it hasrelevance . Consequently, atudy whichfocussed on a few
individuals within ourlaboratory islikely to amount to a study of TRF
in terms ofthe careers of thegedividuals. If astudyfocussed onwider
networks ofgroups for whom TRFonstituted aranalyticaltool, we
would be more likely to emphasise the use of TRF astechnique.
Claims about theuniversality ofscience should notbscure thefact
that TRH exists as anew recently discoveredsubstance'within the
confines of network®f endocrinologists. Itsreatment as aonprob-
lematic substance is confined to a fewndred new imestigators.
Outside thesmetworks TRH simplydoes noexist(see Chapter4). In
the hands ofoutsiders and oncdevoid of itslabel, TRH would be
merely thought of a8somekind of white powder."It would only be-
come TRH againthrough its replacement withithe network ofpep-
tide chemistry wherdt first originated. Even avell-establishedfact
loses itsmeaning wha divorcedfrom its context.

An additional complication ishatnetworks differ bothover space
and time, as can bedemonstrated by an examination @tations
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between TR papers’ In 1970 TRH wasreconstitutedwithin a new
network. Between 1962 and970 agroup of lessthan 25 people
published 64papersdealing exclusively with the isolation of TRH,
rather than with itsmodes of action.After 1970, however, TRH
appeared in papemsublished by a muchargergroup of esearchers.
The exact interface between the first and theecond networks is
evidentfrom the continued citing ofcertain of tke pre-1970papers
after the switchtook place. Paperslealing with theisolation of TRH
were cited 533times betweenl1962 and1970. Between 1970 and
1975, however, they wereited 870times butalmost 80percent of
thesecitations went teeight papergpublishedbetweenJanuary1969
and February1970. The witch from onenetwork to another islso
apparent fromchanges in theauthorship ofpaperswith TRH in the
title. Before January 1969almost all authors of TRHpapers were
neuroendocrinologistsengaged inprogrammes of isolation or in
studyingmodes of action (se€hapter 2) Subsequentlyauthorscame
from avariety ofneighbouringlisciplines.Moreover, there wermore
outside authorshan neuroendocrinologists h&sethree factors (the
number opaperspublished, theattern of citationsandthe disciplin-
ary origin of authors)indicate the presence of twhstinct communi-
ties of participants:insiders and owtders. In addition, wenight
supposehat the eighhighly cited papers provide a clue as to how the
meaning of TRl wastransformedetween oneommunity for whom it
represented a life-time's work to another for whom it weerely a
techniqgue. How and why thiswitch took place are theentral
guestions of this chapter.

Even within thenetwork ofindividuals forwhom TRHrepresented a
life-time'swork, theprecisemeaning of the terndiffered. In tte first of
the two excerptsfrom textbooks quoted above it is saidhat the
structure was "accomplishadrtually simultaneously by RGuillemin
andA.V. Schally." Morestrikingly, thesecondexcerptrefers to TRF
whereas the first uses the teffRH. We ourselveshave used the two
termsinterchangeably in oudiscussion so far. Ifiact, thesealterna-
tive formulationscorrespondediirectly tothoseused ineach of the
groups led byGuillemin andSchally. Itbecame apparent to us that
theseterms weredifferent names for the sameéhing by virtue of
comments made bjpembers of théaboratorywhich westudied:what
was "actually TRF" wassaid to have been wronglyreferred to
elsewhere asTRH. Futhermore, it wasargued, cedit for the
discovery ofthesubstance had been wrong@ppropriated byhe other
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group and thatvhat they had identified ashmrmone (H) waseally a
factor(F).* Nor did eithergroup agreavith the pronouncement that the
discovery hadeen madsimultaneously. Ingad, eacltlaimed that
the other had made the discovery later thiheamselves and had
received credit bg/irtue ofdeliberate ambiguities in theaiccounts of
the investigations.

In spite of thiscontroversy beveen propaents of TRH and'RF,

members of a widenetwork did not heavily favour one ather
version. In terms otitations, received credit wasvenly divided
between thegroups, partly becauseoutsiders were notilling to
becomeinvolved in the dispute, partly becausdhey did not know
about it (sedrig. 3.1) and partlypbecause theseutsiders were in any
case moreinterested in TRF(H) as #d than as a contentious
scientific achievement. Buhe mere suggestiorthat cedit had been
equally distributedservedfurther toenrage thedisputingparties. A
member of Schall\s group, forexample complained thaGuillemin's
group had "succeeded getting half thecredit eventhough they had
gottherelast." Amember ofGuillemin'sgroupsimilarly commented
that theiropponents had obtaindthlf the creditwithout having done
anything. The graduadecrease in citationsuggestghat it became
less and less an issue for themmunity as avhole as to whactually
made the discovery and whshould becited for it. Forinsiders,
however,somebitterness was apparent amich asseven yearsater.
In response tmur sociologicalenquiries (which undoubtedly had the
effect of rekindling the dormant conflict) members of each group
carefully set out t@omparepublication and submissiogiates so as to
establish thé'correct" and"definitive" allocation ofpriority.

The Delineation of a Subspecialty:
The Isolation and Characterisation of TRF(H)

We have thus far identified group ofinsidersbefore the end of
1969, and alarger group of outsidersafter the end 0of1969. The
transitionfrom one toanothercentredaroundeight papers published
in 1969, which were thought to havesolved thecentral research
problem. In a similaway, almost all the paperaritten by insiders
before the end of 196tclude references to a femaperspublished
around 1962. Bference tdhese1962 papersfrequentlymention the
words "first,""recentlyshown,""accumulatedesults," and so on. It
is thus possiblethat developments inl962 provided afocus for
subsequent research irsamilar way to thetransition thabccurred in
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1969. On bothoccasions, garticularcluster ofpapers provided a
startingpoint. After 1962, anumber ofpaperswhoseconcern was to
prove theexistenceof a principle regulating TSHsecretion were no
longercited. Instead, references tosmallercluster ofreview papers
delineated thebeginning of new pyblem. Atypical reference to the
principle establishedbefore 1962, together with aatement of the
subsequenproblem, is givenin the following excerpt:

Despiteaccumulated information [@itations] and almost universal
agreementhat the brainmustplay animportantrole in theregulation of
thyrotropin (TSH)secretion, thenature and extent of thimle havenot
beenestablishedBogdanove,1962: 622).

None of the nineauthorscited inthis excerpiparticipated in the new
subspeciality.Prior to thefirst transitionpoint, researchconcerned a
substancevhich wasuniversallypostulated but thetructure ofwhich
was unknown. After the secondtransition point, the nature of the
substance wasiniversally accepted but its role anghysiological
relevance hadbecomeproblematic. Theoutcome ofresearchcon-
ducted beforel962 could besummarised a$the brain controls TSH
secretion."Similarly, theoutcome of research conductédfore the
end of 196%ould besummarised asTRF(H) is Pyro-Glu-His-Pro-
NH,."

It would ofcourse bepossible to delvéurtherinto the past in order
to determine when and whthe inital statement wasnade about the
control of TSH by thebrain. For tworeasons,however, further
retracing would not baiseful. Firstly, the statemenabout TSH was
taken after 1962as a nonproblematicfact andsubsequentesearch
into TRF(H) entailedfact production reliantonly on thenonprob-
lematic character ofhe earlier statement. Researcheentering the
field of TRF(H) after 1962 couldthus rely onBogdanove's(1962)
review as sufficient baseline information. Secondly, in order to
achieve arunderstanding of theonstruction ofacts, it isnecessary to
focus ononespecificepisoderatherthan onlonger periods. Thetudy
of longer periodswould necessitate owaccepting a largenumber of
facts without examiningtheir construction.

We constructed a file of allarticles publishedbetween 1962 and
1969 which dea exclusivelywith the isolation of TRF(H). This file
was initially built up from lists of articles inthe two laboratorieswhich
worked onTRF(H) andfrom citations inthesearticles. The file was
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checkedagainsindex Medicusand double-checked with th8cience
Citation Index(SCI) Permutermas a result ofwhich reviewarticles
wereadded. In totalfour groupshaveworked on the isolation of TRF:
Two groups, led bySchibuzawa inJapan and bySchreiber in
Hungary, left thefield after awhile forreasonsvhich will laterbecome
clear; Schally's grougook up TRF(H) research in1963; only
Guillemin'sgroupmaintainedesearchactivity throughout theeriod
1962-1969. A fewntherauthorswrotereviews but dil not participate
in the citation network (inother words,although they cited other
papersthey were nothemselvegited). Atticles dealingvith mode of
action of TRF(H), rather than itssolation, wereexcluded.

Figure 3.2 is sschematic representationtbe growth offRF(H)
subspecialty between 1962 ardd®69 (inclusive). Thevertical axis
represents time and thleorizontal axis represents theumulative
number ofpaperscited by TRF(H) papers. Thus, eacpublished
paper is plotted on thdiagramaccording to (a) itslate ofpublication
(b) the number of newcitations it madeover and above those
previously made byearlier papers. For aspecialty whosepapers
continuallycited the saméody ofmaterial, wewould expect a more
vertical growth curve. Twofeatures ofyrowth areapparent from the
curve for TRF(H).Firstly, there was amncreasedate ofpublication
during two plases of developmentjuring 1965 andduring 1969.
Secondly, aseveralpoints, paperserepublishedwhichdrewheavily
upon a frestbody ofcited material. These pointsrepresented on the
curve by"kicks" to theleft (andlabelled witharrows in thediagram),
occurred in 1962, 19651966, and 1968. As wehall see later, the
shape ofthis curve matches therecollections ofinformants as
expressed ttough interviews. Foexample, thesudden increase in
newly cited material in1966 corresponds to thentry into thefield by
Schally's group. By contrast, the sectionsf the curve which are
almostvertical correspond tavhatrespondents referred sdepres-
sive andnonproductiveperiods.

A Choice of Strategies

Clearly,there aralisadvantages in relyingplely on thedescription
of an area delineated in termsof publications andcitations. In
particular, it is all toceasy wherthinking of aresearch arem these
terms tothink of its boundaries a®bjectivelyindependent opartici-
pants. Tocounter thiseffect we shall usadditionalmaterial to show
how the area may well havedeveloped in aifferentdirection.
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Figure 3.2
This is a sch ematic representation of the growth of the TRF specialty.
Each point rep resents one paper; the horizontal axis represents the
cum ulative numbe r of papers cited by these papers; the vertical axis
represents time. The upper limit (top left hand corner) corresponds to
the end of the controversy about the existence of TRF; the lower limit
(botto m right hand comer) co rrespondes to the end of the contro-
versy about what TRF is. The number of papers, the distance of each
paper from the preceding oneNboth in terms of time and number of
newly cited materialNprovides a general pattern which is strik ingly
different between one area and another. The gen eral shape of the
diagram illustrates the importance of imported papers (see Fig. 3.4)
and of citing papers from other areas. In this representation, each
paper is related to all the papers it cites and all the papers it is cited by.
The general mapNimpossible to retrace h  ereNgives an approxi-
mation ofthe field and of all the operations which are perfo rmed in it.
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By 1962, anumber ofhormonesotherthan TRF(H) had been
discoveredMeites efal., 1975;Donovan eal., forthcoming).Indeed,
after the warendocrinology had beecompletelytransformed by the
determination of the aminacid castituents and sequersef several
hormones(such as insulin,oxytocin and vasopressin). Thus, the
anticipation that asequence could be found for TRF was not new.
However, thepursuit of this sequence entailed diffult and risky
decisions. In order tappreciate thatthe TRF(H) reseaprogramme
was based ondecisionsabout anuncertain future, rather than on
logical deductionsfrom past events, it imecessary t@xamine the
alternativecourses of actiowhich werethen possible. Fistly, no
other hyothalamicfactors had beemharacterized byl962. The
analogywith hormonessuccessfullydiscoveredremained verymuch
an analogy, as the usef the term factorindicates(Harris, 1972).
Although physiologicalinvestigations ohypothalamicfactors were
makingsolid advancesalmost noprogress had been madedhemical
investigations. According to theajority of participants, th@umber
of unsubstantiatealaims prevalent at this time was overwhelming.
Their frustration was madexplicit in many papers othe period:

The youngfield of hypothalamicpituitary physiology isalready littered
with dead anddying hypotheses. | probably add to tleasualties by
presentinganother pematureproposal Bogdanove,1962: 626).

The oddity of the situation with respect to thehypothalamic
substances ithatneverbefore to myknowledge except for the monster
of Loch Ness and thAbominable Snowman of thdimalayas has the
existence ohypotheticalobjects beerindicated by sanuchimposing
circumstantialevidence(Greep,1963:511).

An eminent pharmacologistommentedsimilarly: "the only thing |
can believe in thisfield are theretractions"(Guillemin, 1975). By
1962, work on thdirst postulate factor (CRF, se€Chapter 2) was at
the samestage it had been for thgevious teryears and was teeamin
thus for the next fifteen yeardA hog of factors hadbeenpostulated
which remained unconfirmed i1976 andartefacts abounde@hap-
ter 4). Virtually any consistenteffect wasgiven a name and a few
preliminary steps ofpurification from the soup obrain extracts were
consideredsufficient to merit thewriting of a paper. Frequently, the
effect was regarded asufficiently consistent tameritwriting a paper
on aspects of rabehaviour,calciumlevels, orthermoregulation.
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Secondly, the decision toegin research omRF(H) entailed the
postulationboth of theexistence ohewdiscrete factors anthatthese
factors werepeptides.Although, at theime, the notiorthat the brain
regulated thepituitary was aprerequisite tobeing a neuroendo-
crinologist, it was also possible to holdthat known factors like
oxytocin andvasopressincould account forsuch regulation. For
instance, as late at969, one ofsuillemin's papers waeejected by
Sciencesimply because "it was welknown thatvasopressin releases
TSH in vitro andin vivo." Anotherinvestigator, McCann, was not
interested inNTRF, which heregarded as aartefact, the effect afhich
could beexplained byecourse to a knowsubstanc¢Donovan et al., in
press). Sticking to theidea that there was a nefactor entailed a
furtherassumption that thiactor was a peptide, because this was the
only way thatavailable chemistrycould beutilised in the releasing
factor field. So thepostulation was dual. The substance had to be new,
but the chemistry of this newbject had to beclassical and was
importedfrom outside fields afteappropriatemodifications. Weshall
return tothis pointlater.

Thirdly, the strategy of isolating and¢haracterizingsubstances,
although already weélestablished by Du Vigneaudashievemenwith
vasopressin andxytocin, wasslightly atoddswith the physiological
training of neuroendocrinologists. Foexample, althoughHarris,
Scharrer, McCann, andGuillemin were all expert at setting up
sophisticatedbioassays, agrowing cell cultures, and at preparing
anatomicaklides,they werelargely ignorant oEhemistry. Chemistry
was"ancillaphysiologicae" to them. Harris andMicCannaccepted
the idea ofundertakingsome islationwork, they neveraccepted the
relegation ofphysiology to adiscipline subservient to thgoals and
practices of chemists (Harris, 1972). One of their arguments con-
cernedtheir distate for teachingluties and theextremedullness of
routine chemistry.

When you have students yeannot ask them to cbtrains allthetime:
you have to givehem interestinghings to do: yowcannotcornerthem in
routinetasks,which will pay off only in five or sixyears. If they come to
your laboratory inorder tograduate, thegxpect to write a feyapers, it
hasto be interesting(McCann, 1976).

The decision toobtain thestructure of TRF(H) alsoentailed
considerable expense, becauséhdsepeptides existed all, they
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could only be found inminute quantities (thousandaf timessmaller
than the hormonewhich had beercharacterized by DWigneaud).
Thegathering andreatment omillions ofhypothalami was aollossal
task. AsSchally put it:

Peoplebecamesuspicious . . . they wenesel to highyield peptidedike
the others[oxytocin] . . . and theycould notunderstand why we didn't
getthe structure ... It was ndair of them, we had to create a whole
technology . . . . Nobody before hadpmcesamillions ofhypothalami
.. . The key factor is not themoney, it's the will ... thérutal force of
putting in 60 hours aweek for a year to get onmillion fragments
(Schally, 1976).

An idea of theresistance tahis programme can be gained by
comparing the strateggdopted by Guikmin with that oHarris, who
was one of the founders ofthe field. Even after he hadhired one
chemist whoseole task was tsolate LRF,Harrismaintained a slow
and cumbersome assay owonscious rabbitsvhich prevented the
chemist fromscreeningnorethan five oreightfractions a month. Ifthe
chemist hadbeenallowed to work at hisaturalspeed, havould have
produced far moréractions than the physiologist could possibly have
coped with. Usually, however, thechemist had togive way; the
physiologistmaintained hisassaywhich he perceived asore inter-
esting. Ofcourse, as one diarris's former colleagues commented:

[H]e wanted thaisolation done . . . but héidn'tdevote verymuch of
his overall effort to help isolating thesdactors . .. being basically a
neuroanatomist. ... | waable toconvince him to havéwypothalami
shippedfrom the US ...we went thafar ... he could notguessthat we
would need 100times that amountAnonymous,1976a).

Schally's strategywas completelydifferent:

I am not interested inPhysiology. ... want to help physicians,
clinicians . . . and the only way is to extrabesecompoundsjsolate

them andprovide clinicians withenormousquantities of them . . . like
vitamin C. Somebody had thhave theguts . . . now wehave tons of
it. ...

That's why Ichoseextraction . . . there is nthoice.lt's like fighting
Hitler. You have to cut him down. It's notchoice. Thestrategy was
good and was thenly one(Schally, 1976).
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The decision toredefine the TRF subspecialsolely in terms of
determining thetructure of the substancecompletelyreshaped the
professional practice of theubfield, even thoughhis was entirely in
line with the centratoncepts oéndocrinology as whole. Precisely
because of theonsistency oGuillemin's stategy with the objectives
of endocrinology, hisdecision did not constitute amtellectual
revolution.

Because ofthesuccess of histrategy there is aendency to think of
Guillemin'sdecision athavingbeen the onlyorrect one tanake. But
the decision to reshape the fieldas not logically necessaryEven if
the decision t@ursue thestructure offRF(H) had not beetaken, a
subfield of releasindactors would stillexist. Of coursepnly crude or
partially purifiedextracts inshortsupply would beused, but all the
problems of physiologgouldnonetheless be studieifinot resolved. It
shouldalso berealised thatintil 1969there was no indication that the
strategiesadopted by @illemin andSchally wee successfullndeed,
everythingthat occurred before 1969 suggested that it viedy to
reshape thepecialty in1962.Similarly, it wasthought thaGuillemin
would havebeen better off to wait foadrasticamelioration in peptide
analysis whichwould have themade possible thsolution ofthe TRF
problem by the use dgbicogram quantities at a muclower cost
(Anonymous,1976b).

The Elimination of Concurrent Efforts by New Investments

It is probably no coincidence thé#te two researchergGuillemin
andSchally) whodared to plungéhemselvesénto thetask of reshaping
the field wereboth immigrants. Schally's testimonig particularly
suggestive of the importance of thémitially peripheralposition. For
example, he made thf@llowing remarksabout athird party:

He is the Establishment ... heever had to danything . . . everything
was given to him . . . ofcourse, he missed the boat, heverdared
putting in what wasrequired: brute forceGuillemin and I, we are
immigrants,obscurelittle doctors, we fought our watp the top; that's
what | like aboutGuillemin; atleast wefought, and [with a gesture of his
hand toward$ramed awards on theall] now wehavemoreawards than
all of them(Schally, 1976).

The present casappears to fit fairlywell with what is knowrabout
the formation ofpecialties. Thenormity of theresearch task tended
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only to attractpeople who were not in a position $atisfythemselves
with physiology, and who were not prepared fora conceptual
revolution.They occupied aiche whichentailed a break with existing
methods and aimmense amount of hard, duldpstly, andrepetitive
work: the kind of niche fromwhich peoplenormally shunaway.

The enormity of tke research task and theature of thedecision
explain why morepeople did nottake upthis work. This isalso
consistent with théate ofinvestigators who dipped thequestion after
making someinitial contributions. Ongeviewer, for example, drew
attention to the "misguidedork” done bySchibuzawa an&chreiber
as follows:

Schibuzawa and hisolleagues havbeenstudying apolypeptide which
they ca extractfrom the hypothalamus angosteriorpituitary lobe

.... They call it TRF(thyrotropinreleasingfactor) andbelieve it to be
the neurochumor. . . Their findings have notbeen confirmed so far
(Bogdanove,1962: 623).

Schibuzawa apparentlynade the same choices &uillemin. He
claimed to have isolated TRF and evepresented amamino acid
compasition for his peptide. But instead of beirrgclaimed ahaving
solved the problem &FRF in twoyears, his work wasurrounded by
guestions. His papenmsere criticisedword by word and higractions
were said not tadisplay any activityin laboratorieother than his own.
According to one account, he did rtarn up whennvited torepeat his
experiments at on@boratory. Inerms of oudiscussion in Chapter 2,
the operations ohis paperstook theform of doubt anddeprecation.
He wrote no new paperafter 1962, hisclaim to have slved the TRF
problem was dissolved, and h&ibstance becameegarded as an
artefact. Subsequently, héeft researchaltogether. It isimportant to
notethat despiteschibuzawa's inability tprove hisclaims at the time,
they were provedqwith the exception of the aminacid composition)
ten yearslater. This was not smuchbecause of higailure butrather
because in th meantime the definition of @roof haddrastically
changed.

Schibuzawa'sclaims were unacceptabléecausesomebody else
entered thefield, redefined thesubspecialty inerms of a new set of
rules, haddecided toobtain the sucture at allcosts, and had been
prepared talevote theenergy of "asteam roller" to itssolution. For
Schibuzawa it had halgeensufficient to drawupon theexisting stock
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of accumulatecknowledge and tdouch uponquestions of isolation
while essentiallyremaining withinclassical physiology.

This was what yowould call"normal <ience" . . .Thus, everybody
knowing thefield could make deductions as to what TRF was . their

conclusions wereorrect, but ittook tenyears toprove it. ... To this
day, | don'tbelieve they hadverseen whathey talked aboutThey,

Schibuzawa and&chreiberboth wrote one toomany papersgiving the
amino acidcompositions. Now here, there is no logicadsumption.
There is no way you capostulate the amino aticomposition of an
unknownsubstancdGuillemin, 1975).

In other words, there was no easlyortcutbetweenwhat wasalready
known and theproblem ofsequence.Since Guillemin wanted to
determine thesequencef TRF, and since he was ready to reshape the
subfield around thiscrucial goal, newstandards were set as to what
could and couldhot bejudgedreliable. Data, assays,methods, and
claims which might have beenacceptable irrelation toothergoals,
were nolonger accepted.WhereasSchibuzawa'apersmight pre-
viously have beeraccepted asalid, theyweresubsequentlyegarded
aswrong. That is to say the epistemologiaglalities ofvalidity or
wrongness cannot be separafeam sociologicalnotions of decision-
making.

Thesuddenchange in the criteria afcceptability wasnadeexplicit
in alongreview paperpublished inFrench(Guillemin, 1963). This
review specified fourteen criteria which had to be méefore the
existence of a neweleasingfactor could beaccepted. Theseriteria
were so &ringent thatonly a fewsignalscould bedistinguished from
thebackgroundoise. This, iturn, meantthanostprevious releasing
factor literature had tdbe dismissed(Latour and Fabbri, 1977).

These rigorougriteria contibute to take away anmeaning from great
number of publications which hastily concludedthat this or that
substance acts onlyhrough the stimulation of thesecretion of a
pituitary hormone, or evethat this othatprotocol fits thisexplanation
alone(Guillemin, 1963: 14).

In one importantsense,then, TRF did notexist prior to the
imposition oflimitations, because suchlimitations preceded thdirst
experiments andefined whatcould be accepted iadvance. In his
paper, Guillemin arguedthat prior to thattime, the field hadoeen
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characterised by artefacts, unfounded claims, and elegant hypotheses
rather than by facts. On the basis of this reconstitution of the past in
terms of artefacts, Guillemin proposed criteria each of which was
designed to eliminate a priori any future possibility of an artefact, or,
at least, any possiblity of an artefact within the new context.

The acceptance of these criteria demanded the expense of investing
in equipment which would meet the necessary stringency. Conse-
quently, each of the criteria specified in the review article was
responsible for the import into the laboratory of items of equipment
necessary for constructing TRF.

The physiological validationof a substance of hypothalamic origin as
being a hypophysiotropic mediator, is thus a considerable enterprise; it
requires multiple and sometimes complex techniques in neurophysiology

. in biochemistry to fulfil all the above conditions before asserting that
this hypothamalic substance or fraction, is a hypophysiotropic mediator
(Guillemin, 1963: 14).

The same source also points out the difficulty of meeting the criteria
and the cost of the corresponding investment.

Such a project can be undertaken only by a group, a team in which
everyone has different but complementary skills for the central idea
around which the team has been conceived and realized. This is
certainly the necessary characteristic of this new orientation of Phys-
iology, that is Neuroendocrinology (Guillemin, 1963: 11).

The consequence of this new investment was immediately reflected
by Harris's strategy. The rules of the game, as defined by Guillemin,
became so stringent that one of Harris's chemists gave up this line of
research

.. . [Blecause I knew what we were competing against in this country
[USA] in terms of money, scale of work . . . and there were no ways we
could achieve parity, if you like, in England at that time (Anonymous,
1976a).

The requirements imposed by the new strategy were noted in
subsequent articles which contain assessments of work by Schibuzawa
or Schreiber. These assessments consisted largely of qualifications
which had the effect of discrediting earlier contributions. Such phrases
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as"gratuitousaffirmation," "assays nospecific enoughanymore,"
"not really demonstrated,” andunreliable” arecommon. By con-
trast,Guillemin'sgroup'sfirst( 1962) paper wawidely acclaimed(for
example, it wassaid to be théfirst uncontrovertibleevidence") and
wassimilarly received in subsquentyears. None ofthe 90 citations to
this paper(adisted in the SCI betweefh963 and1969) werenegative
(Latour, 1976).

The resultsof the fresh accumulation ofconstraints was to put
Schreiber out ofhe race. Byincreasing tk material and intellectual
requirements, the number obmpetitors was reduced. According to
one of his colleagues, Schreibewithdrew for various material and
strategicalreasons.

His acid phosphatas¢est was noteally good: it washeavily criticised
... he was wrong on theamino acidcomposition ... he hadoherent
ideasabout the subject and wasnningproperexperiments but at that
time it was very diffcult to gethypothalami ... he had to do liimself;
noone realisedhat you need not 200 tfiem, but20,000 ofthem ... he
thenrealised he simplgould not compete . . . also yaould not obtain
radioactiveiodine ofhigh specificity, we had to wahalfa year to have it
from England, so heould not do the assays ...dbes notmakesense
to spend time on a fieldshen you cannotcompeteg(/Anonymous,1976b).

The sameinformantalsoprovided amoreideologicalexplanation for
Schreiber'swithdrawal:

After the communistakeover inPrague, Endocrinology was negll in
favour ... at thatime the connectiotbetween thenervoussystem and
endocrinesystem was not verglearNthe feedback theory, ahis time
triumphant, they did not accept because it was &elf contained
system . . . that is theeason why | did not ginto Endocrinology . . .
the whole milieu was antagonistic toendocrinological research . . .
There was @span of 5 or 7 yearbefore wecould workagain, and not
only conditioned reflexe§Anonymous, 1976b).

This provides anexample of theperceivedinfluence ofmacrosocio-
logical factors on thefield, rather than that of multiple finsocial
determinations wittwhich wehave so far beemainly concerned. Itis
worth noting, however, that thd statementprovoked dismissive
comments fromother participants.Guillemin, for example, felt that
such satements ofdeologicalinfluencewere mererationalisations of
the real fact that Schreiber hdunissed theboat."
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The decision drastically to change the rules of the subfield appears
to have involved the kind of asceticism associated with strategies of not
spending a penny before accumulating a million. There was this kind of
asceticism in the decisions to resist simplifying the research question,
to accumulate a new technology, to start bioassays from scratch, and
firmly to reject any previous claims. In the main, the constraints on
what was acceptable were determined by the imperatives of the
research goals, that is, obtain the structure at any costPreviously, it
had been possible to embark on physiological research with a
semipurified fraction because the research objective was to obtain the
physiological effect. When attempting to determine the structure,
however, researchers needed absolutely to rely on the accuracy of
their bioassays.

The new constraints on work were thus defined both by the new
research goal and by the means through which structures could be
determined. As a result of these constraints, we have seen that
researchers such as Schibuzawa, Schreiber, and Harris were excluded.
But for the support of funding agencies, Guillemin might himself have
remained a mere critic of others' work. But Guillemin's past achieve-
ments provided some guarantee that he could carry out research on the
basis of the new constraints.® Even so0, no one expected in 1962 that the
determination of structure would take eight years, millions of hypo-
thalami and more asceticism than anyone could have guessed.

The Construction of a New Object

We started by identifying the different networks in which TRF had
meaning and by surveying the area in which it was created. We then
discussed how a point of transition opened up the TRF area and how a
new research imperative, "obtain the structure at all costs," subordin-
ated the role of physiology relative to chemistry. This new strategy had
the effect of both raising the cost of the programme and increasing the
stringency of the rules. It was acknowledged as commendable by
neuroendocrinologists as a whole and funded by U.S. agencies.
However, the new strategy effectively eliminated competition from
Japan, Czechoslovakia, and England. We can now turn our attention
to the TRF area itself.

Guillemin's initial decision was to determine the structure of any
one releasing factor. The specific choice of TRF, was in fact, due to a
variety of reasons. After the long failure of work on CRF, Guillemin's
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group became interested in LRF because of McCann's new assay.
Guillemin also decided to set up a new assay based on the principle of
the McKenzie assay, a classical test for measuring TSH, because a
technician who had previously worked on TSH, came to the laboratory.

I was not sure how much of Schibuzawa and Schreiber should be
accepted, so I didn't want to put too much of my time into TRF . . .
within six months the assay worked relatively well (Guillemin, 1976).

At first these research efforts constituted a secondary programme:
"Then, it became obvious to me that we could look at TRE"
(Guillemin, 1976). However, this was not done to check Schreiber's
claims.

No, I neglected those, and it was not to check them, if you start checking
that sort of thing you never do anything; the idea was to start a
completely de novobioassay for TRF (Guillemin, 1976).

But this kind of assay was widely available at that time:

To this day I don't understand how Schreiber could use this ludicrous
assay, while anybody could have done what we didin 1961 and set up a
true assay for TRF ... it was simple, everything was available . . .
classical endocrinology (Guillemin, 1976)

A new object of study thus came about within a period of normal
science as a result of the facilities of classical endocrinology, together
with the benefit of one technician's expertise and the raising of
requirements due to Guillemin's strategical decision. The new object
took its initial existence within a local context but soon attracted a
great deal of outside attention. However, it is crucial not to use
hindsight to define this new object; it was not the TRF of 1 963, 1 966,
1969, or 1975. From a strictly ethnographic point of view, the object
initially comprised the superimpositionof two peaks after several
trials. In other words, the object was constructed out of the difference
between peaks on two curves. Let us try to clarify this point by
outlining the process whereby a new object begins to be constructed.
Initially, a curve produced by a bioassay is taken as a baseline
against which variations can be contrasted. Subsequently, an "elution
curve" is produced by a bioassay on a purified fraction (see Chapter
2). After each purified fraction has been tested for bioactivity, the two
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curves aresuperimposed. Ifthere is a discernible discrepamtyeen
the control curve and that for thpurified fraction, the fraction may
then bereferred to as afraction with TRF-like activity." As wehave
seen,however, hesekinds ofclaimsabout the presermf substances
andactivities are commorkrequently discrepanciebetween curves
aresubsequentlyshown to have arisen asr@asult of backgroundoise
in the bioassays, awhich point the bioassays are deunced as
insufficiently stable and thelaim to have found a fraction éissolved.
However, when the same fraction iseen to give ris to the same
activity, theinitial claim begins to beéakenmore seriously. Inother
words, criteria of repetition andimilarity are sufficient tobegin to
substantiate the initial claim. Consequently, the fraction is referred to
asan entity with someconsistent qualities and theitial label (TRF)
begins to stick. Even so, practitioners are wary otategorical
statements that theubstance actually iSRF.

The steadyactivity constituted byrepeated bioassays mighave
been caused by avell-known substancesuch asoxytocin. The
application ofthe constraints outlinatiove therenables a distinction
to bemade between the nesubstance and amther knownactivity. In
brief, theseconstraintsrequire asignal unlike any other expected
signal to bediscerned from th&ackgroundhoise. If suchadistinction
is identified, thesubstance isaken asoth stable,distinct, andnew.

Despite the factthat this process was nonovel, its use in
Guillemin'slaboratoryresulted in a new géct (fraction withTRF-like
activity) which neitherdissolved between orteial and another, nor
between onepurification step andanother. Inaddition, thisobject
(unlike Schibuzawa's and Schreibeftactions) did notbecome the
focus of controversy. Thenultiple precautiongtaken throughstatis-
tical analysis, theeputation of thdaboratory, and use of assays (for
MSH, oxytocin, vasopressin, LREERF, andACTH) all countered
any possible objectionghich could bemade by colleagues.

Although the repeatedverlapping of twgpeaks in 1962 was taken
toindicate the presence ahew discretentity, it was noclaimed that
they had found a substance. Thisas because themino acid
composition and sequenoéthe entity had not then been obtained. It
was still possiblethat a correspondingubstancemight never be
obtained, as hatieen the case with CRFEven if a sequence was
subsequently foundhe substanceouldstill turn out to be amrtefact,
asmightstill be the case with TREself (seeChapter 4). We thuseed
to stress theimportance of not'reifying" the process bywhich a
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substance is constructed. An object can be said to exist solely in terms
of the difference between two inscriptions. In other words, an object is
simply a signal distinct from the background of the field and the noise
of the instruments. Most importantly, the extraction of the signal and
the recognition of its distinctiveness themselves depended on the
costly and cumbersome procedure for obtaining a steady baseline.
This, in turn, was made possible by laboratory routine and by the iron
hand of the scientist who organised laboratory work and took all
precautions available within the laboratory context. Once again, to
say that TRF is constructed is not to deny its solidity as a fact. Rather,
it is to emphasise how, where, and why it was created.

The list of technical papers published by Guillemin's group between
1962 and 1966 gives an indication of the context within which TRF
was constituted as a stable object.” Firstly, the majority of technical
citations were made by TRF articles to other TRF articles. This
indicates the internal response of the subspecialty to the new set of
constraints imposed by Guillemin's strategy. Secondly, articles pub-
lished in the first years of the subspecialty were predominantly cited.
These early papers thus appear to have formed the technical basis of
future operations. Thirdly, several techniques were borrowed from
other projects current in the group (for example, assays for LRF and
CRF). Fourthly, a number of techniques were imported from neigh-
bouring fields. This external borrowing occurred at crucial points in
the development of the TRF field. Citations are made to techniques,
statistics, and enzymology in 1962; and mostly to biochemistry in
1966 and 1968. We can thus see, on the one hand, that the
construction of TRF depended on author's provision of inscriptions
obtained from instruments accumulated within the laboratory. At the
same time, the solidity of this object, which prevented it from
becoming subjective or artefactual, was constituted by the steady
accumulation of techniques.

Before 1966, TRF articles were primarily concerned with the
arrangement of instruments and with improving purification processes.
These predominantly technical concerns necessarily presupposd the
existence of TRF and hence made possible the further purification of a
fraction. By 1966, an almost pure material had been obtained, which
was then subjected to the analytical tools of Chemistry. (Although an
amino acid composition of the material had already been obtained in
1965, it was not then generally regarded as correct.) However, after
this rapid advance, the programme was pulled up by an unexpected
practical problem:
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Perhaps thenostobvious commensuggested by theesultsreported
hererelates to thdargenumber obrainfragmentghypothalamus) that
were necessary fopurification of asmall quantity of the hypothalamic
neurohumor. Obviously, a much larger number of brains will be
necessary to providenough of thepolypeptide to approachs amino
acidsequence. . . Thus tlpgoblem of availability ofarge quatities of

hypothalamicfragmentscollected in adequate conditions . remains
the absolute prerequisite fora meaningful programme on isolation
(Guillemin etal., 1965: 1136).

This situation wasparticular to thefield of releasingfactors. For
endocrinology as awhole, sufficient quantities ofhormones had
alwaysbeenavailable. However, attempts to obtain thetructure of
releasingfactorswere constrained byifficulties in obtaining sufficient
quantities ofhypothalamus.

From theperspective 0fl966, itremained perfectlypossiblethat
the programmewould besubsequentlphasedut. It was therfeasible
that partially purified fractionswould becontinued to be used in the
study ofmodes ofaction, that localization andtlassicalphysiology
couldhave continued, and th&tuilleminwouldmerely have lost a few
years inworking up ablind alley (Anonymous, 1976b). TRF would
have attained a status similar to GRFGRF, each ofvhich refers to
someactivity in the bioassay, therecisechemical structure of which
had not yet been constructed.

Oneimportantfeature of oudiscussion so fais worth noting at this
point. We hae attempted tavoidusingtermswhichwould change the
nature ofthéssuesunder discussionThus, inemphasising thprocess
wherebysubstances areonstructed, we have tied to avoid descrip-
tions of the bioassaysvhich take asunproblematic relationships
between signs and things signifiebespite the facthat our scientists
held the belief that the inscriptionsould be representations or
indicators of some entityith an independenéxistence"out there,"
we have argued that such entitiegere constitutedgolely through the
use of theseinscriptions. It is notsimply thatdifferences between
curves indicatethe pesence of a substance; rather the substance is
identical withperceiveddifferencesbetween curves. lorder to stress
this point, we have eschewethe use of expressions such &be
substance was discovered lwsing abioassay" or "tk object was
found as aresult of identifyingdifferencesbetween twopeaks." To
employ such expressionsould be to convey thaisleadingimpression
that the preserx of certain objects was apregiven and that such



The Constr uction of a Fact 129

objects merely awaited thetimely revelation of thei existence by
scientists. By contrast, we dwmtconceive okcientistsusingvarious
strategies aspulling back the curtain on pregiven, butitherto
concealed,truths. Rather,objects (inthis case,substances) are
constituted through thertful creativity ofscientists. Interestingly,
attempts to avoid the usetefrminology whichimplies the preexistence
of objectssubsequentlyevealed by scientists has led inso certain
stylistic difficulties. This, we suggest, iprecisely because of the
prevalence of aertain form ofdiscourse in descriptions of scientific
process. We havéherefore found itextremely difficult toformulate
descriptions okcientific activity which donotyield to themisleading
impression thascience isaboutdiscovery(ratherthan creativity and
construction). It is not just that ehange of emphasis iequired;
rather, theformulations whichcharacterisénistoricaldescriptions of
scientific practicerequire exorcisnbefore thenature of thispractice
can be bestunderstood.

The Peptidic Nature of TRF

1966 marked the end oferiod of hard busuccessful work and the
beginning of threeyears'frustration. Abasic assumptiowhich had
thus farguided the choice @irocedures and the useasfalyticaltools
wasthat TRF was @eptide. This assumption was takemascontro-
versial at theinitial stages of thespecialty. However, thepeptidic
nature of thesubstance waa contextualdefinition. In paticular, this
definition could bereaffirmed by the reistance of a fraction to lang
series oftrialsnvolving the use ofeveral enzymes. Tlrbstance was
deemed to be peptide ifitsactivity wasdestroyedluring thecourse of
thesetrials. Forexample, ong@apermwritten in 1963 hadconfirmed the
peptidic nature of the materiaafter a first set of such trials:

In this note we showarguments irfavour of thepeptidicnature othese
substances; thetsiological activity is destroyedpartially or totally, by
pepsic ortrypsic digestion and by heatinigp presence ohydrochloric
acid (Jutisz et al.,1966: 235).

In addition, pastexperience had legharticipants to anticipate an
increase in theatio ofaminoacid as gurer and purer frction of the
peptide wasobtained. In1964, however, thisincrease had failed to
materialize. Moreover, a new set adfnzymatictests hadfailed to
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destroy the activity of the fractions. The conclusiveness of the tests
depended both on the number of enzymes used and on how well their
action was characterized. By 1966, the list of enzymes used in the test
had grown extensive but none could destroy activity in the required
way. It was logical to conclude that the substance was not a peptide. In
fact, one enzyme added to the list a few years later did succeed in
destroying the activity of the fraction. By this time, however, the
substance had already been "proved" to be a peptide. This thus
demonstrates that proof and the reaching of logical conclusions
depend entirely on context, in this case on the availability of certain
enzymes.

In papers published in May 1966, Guillemin's group drew the
logical conclusion from the negative results:

These results are compatible with the hypothesis that TRF might not be
a simple polypeptide as hitherto thought (Burgus et al., 1966: 2645).

We have been led to question the long held hypothesis that TRF and
LRF are of peptidic nature (Guillemin et al., 1966: 2279).

Participants found only an extremely small percentage of amino
acids in their purest sample. The possibility thus arose that a large
component of TRF was of a completely different chemical nature. It
followed that the appropriate equipment and procedures for its study
might be different. The meaning of TRF thus changed. Consequently,
it was likely that the chemistry which was borrowed to study the sub-
stance would be modified and that there would be some significant
effects on the organisation of the specialty.

The new hypothesis, that TRF comprised a small peptidic com-
ponent and a large nonpeptidic component, was confirmed as a result
of work by Schally, who was a newcomer to this problem. Schally had
been a former postdoctoral fellow in Guillemin's laboratory. He
provided a vivid contrast to Guillemin's cautious, positivist approach.
Whereas Guillemin had talked mainly in terms of methods, Schally
talked about strategy. He portrayed his attempts to collect vast
quantities of hypothalami in terms of his use of "guts and brute force."
He claimed that Napoleon's campaigns provided the inspiration for his
scientific method, and he talked of the TRF specialty in terms of a
"battle field" strewn with the corpses of competitors. "He is a
dynamo," commented another participant. He was able directly to
supervise the purification part of the TRF programme because of his
training in chemistry, and relied on a physiologist for the operation of



The Constr uction of a Fact 131

the bioassay. By contrasGuillemin was aphysiologist bytraining
who had to rely on@neone else for precishemical work Neither of
them likedhaving torely completely onsomeom else's expertise, but
this necessity wasglictated by theiperception othe problem.

By the time Schally published on TRF 1966, Schreiber had
alreadywithdrawn andGuillemin'sgroup was alone in thield. The
methodology taken up by Schally was essentially thesame as
Guillemin's except thathey respectivelyworked with porcine and
ovine brainextracts. Butlespite the fadhat each ofthe twgroups led
by Guillemin andSchally worked in thesame area andsedsimilar
methods, there was anessential difference in their beliefs® In
particular, Guillemin'group did nobelieve that resultproduced by
Schally'sgroup to the samextent tha Schally'sgroupbelievedthose
produced byGuillemin. This asymmetryhelpsexplain whySchally
went on to confirm thenonpeptidicnature of TRF.

Between 1962 and 1969inclusive), the twogroupspublished a
total of forty-one papers concernedclusivelywith theisolation and
characterisation of TRF. Qhese,twenty-four were published by
Guillemin'sgroup andseventeen bychally'sgroup. This difference
in output reflects thefact that TRF was the main programme of
Guillemin's group for eightyears, whereas it was onlysgcondary
programme for Schally'group for fouryears. As late a$4969, Schally
remarked that he was natterested inTRH.

The pattern of citationsals reveals anarked asymmeyrbetween
thetwo groupsWhereas Guillemin'group citectheir ownarticles in
the TRF area onkundred andhreetimes, theycited Schally'spapers
onthe same question aneretwenty-fivetimes. Schally'sgroup, on the
otherhand,citedtheir ownpapergforty-seven times) withoughly the
samefrequency asarticles by Guillemin'group (thirty-nine times).
WhereasGuillemin'sgroup cited paperwithin thegroup but outside
the TRF field only twenty-eighttimes, Schally's group cited the
equivalent body gfaperdifty-seventimes.Thistends to indicate that
Guillemin'sgroups had corniguted a newmethodology orwhich they
relied heavily, whereas Schally's group wasore reliant both on
Guillemin's work andother outsidesources.

If we now consider thenature otitationsbetween thgroups,rather
than justtheir number, th@symmetry is ewemore striking.*® For all
citations of Guillemin's papers by Schally (and viceversa) we
identified the nature o€iting operations interms of borrowing or
transforming.Figures 3.3a and 3.3tepresentitations byGuillemin
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Figure 3.3a & b

This figure is derived from Fig. 3.2. Only the major publications are
shown, and those of Guillemin's (G) and Schally's (S) groups are separ-
ated for illustrative purposes. In both f igures 3a and 3b, Guillemin's
group's papers lie along the diagonal, with those of Schally's group on
either s ide of the diagonal. The main citing operations of each group on
the other's papers are represented in simplified form by arrows between
papers. Borrowing operations are represented by arrows from cited to
citing papers; transforming operations are represented by arrows from

citing to cited papers. The plus and minus signs indicate the sense of
transformation.
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Operations
of S.onG.

of Schally and Schally and Guillemin respectively. In these figures,
borrowing operations are represented by arrows from diedto citing
papers. For transformingoperations, the arrow is in the reverse
direction. In addition, a plus or minus sign indicates whether a
transforming operation was a confirmationor refutation. The figures
show that all citations made by Schally were directed towards
Guillemin's initial work and constituted either borrowing or con-
firming operations (apart from two negative citations of one paper).
This reflects the fact that Schally found it unnecessary to modify
Guillemin's findings. By contrast, almost all the citations made by
Guillemin constitute negative transformations. Closer inspection
reveals that those of Guillemin's citations that performed borrowing
operations were made to papers by Schally which had previously
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confirmed work byGuillemin. For example, one Guillemin'spapers
contains thecommentthat "this paper [refeence to apaper by
Schally'sgroup] confirmed our formehypothesis."Suchdifferences
are too striking to be interpreted simply adifferences incitation
practice.Instead, wepropose thathey reflect aressential asnmetry
of confidence between thivo groups.

We hawe already suggested that thmeaning of TRF(H) was
negotiatedvith reference tgarticularcontextswhich comprisedoth
the material layout of the laboratories and tparticularstrategies
adopted by the twoompetinggroups.This is bestllustrated by way of
an example.

In 1966, Schally published apaper in thewake of Guillemin's
suggestionthat TRF might not be a polypeptide. Thientative
suggestion earlier piorward by Guillemin's groupN"Theseresults
are compatiblewith the hypothesis that TRF may not besample
polypeptide"(Burgus et al.,1966)Nwas borrowed as auasi-fact in
Schally's 1966 paper:"purified materialsappear not to be simple
polypeptide sinceaminoacidsaccount for only 30% of itsomposi-
tion" (Schally et al.,1968). As wehave already noted, a low
concentration odminoacid could be aken asestablishingeither that
the substance was ngplure or that it wanot apeptide, according to
context. Schally's belief inGuillemin's newhypothesis persuaded
Schally toaccept thenterpretation thaTRF(H) was not a peptide.
This would beunremarkable but for théact that in accepting this
interpretation, Schally wamvalidating theamino acid composition
which he himself found*After hydrolysis TRF washown tocontain
3 amino acidshistidine,glutamicacid andprolinewhichwere present
in equimolarratio andwhich accounted for 30% of the dmyeight of
TRF" (Schally etal., 1966). In thelight of a subsequenthange of
contextthis statement was to seeextraordinary(see below). In
1966, Guillemin did notbelieve Schally'sfindings. It is also clear
however, that Schally did nbelieve his own findings. Thu§chally,
wrote at the end of his 196paper:

The results are consistemvith a hypothesisthat TRF is not simple
polypeptide as has beethought previously, butnevertheless our
evidence indicatedhat 3 amino acids arepresent inthis molecule
(Schally etal., 1966).

In order to test thhypothesis that TRF was notpaptide, Schally
ordered eighsyntheticcompounds from ahemical company. Each of
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these compounds contained three amino acids (His, Pro, and Glu) in
all possible permutations. Schally tested each compound and when, a
few months later, he had failed to find any activity he concluded: "This
indicates that the moiety which formed at least 70% of the TRH
molecule is essential for biological activity" (Schally et al., 1968).

It is clear that if Schally had not believed Guillemin's hypothesis, he
would have found the structure of TRF(H) in 1966. If he had not
believed Guillemin's hypothesis, Schally might have concluded that a
specific arrangement of the three amino acids was necessary to explain
the lack of activity. Similarly, if Guillemin had believed Schally's
result, he could also have found the structure in 1966. But when
Guillemin referred to Schally's "isolation," it was always with the use
of quotation marks. A curious crossing of paths thus occurred. Schally
gave up his hypothesis because of Guillemin's suggestion that TRF
may not be a simple polypeptide. He was later to regret this: "the field
was sorely confused by your strange theory published in ... that
releasing hormones and TRH are not polypeptides" (Schally to
Guillemin, 1968).

In 1968, Guillemin "independently" found that three amino acids
(His, Pro, and Glu) existed in equimolar ratio and that 80% of the
weight was accounted for by amino acids. As a result, Schally
resurrected the earlier programme which had almost ceased and
relocated his 1966 paper as part of a chronology which supported his
claim that he had been right from the beginning. The ambiguity of
Schally's retrospective reassessment of his 1966 paper is clearly
apparent in the reasons he gave for not immediately following up his
1966 results:

S: I don't see why we discuss that ...in 1966 I got the
structure . . . everyone agrees on that . . . it's all written. . . .

Qu: But why did you doubt your own results?

S: But I dropped the question. It was of not interest to me. My
interest was in reproduction and control of growth hormones
.... I didn't have a good chemist, I gave it to ... he was too
busy; he had 5000 things to do ... he never came up with
anything, nothing was done for 2 or 3 years.

Qu: But why did you conclude that TRH was not a peptide?

S: Because there was no activity. We believed Guillemin.
(Schally stands up, picks up a copy of one of Guillemin's
papers and begins to quote from it. . . .)
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Qu:  Why did you believe inGuillemin's mistake?

S:  We neverbelieved in it. . . It's avery difficult thing ... we
found impurefractions . . . there was nactivity . . . when
Guillemin came up with his ideaf a nonpeptidic moiety we
followed him. It's somethinghat can always happéschally,
int., 1976).

This exampledemonstrates that tHegic of deduction cannot be
isolated fromits sociologicalgrounds. We casay, forexample, that
Schally "logically" deducethat TRF was not a polypeptide only ifwe
simultaneouslhappreciate that the eight given toGuillemin'stheory
was stronger athat time than the weighgiven to the evidence
produced bySchally. Guillemin was"logical" in concluding that the
enzymetest showed TRF not to bepaptide only in the sense that he
placed moreconfidence in thenzymetest than irthe notionthat all
releasingactors are peptides. Followirgjoor (1976), wewould say
that "logically" possible alternatives weredeflected byprevalent
beliefs. Forinstance,Guillemin eliminated the possibility that his
enzymetest wasincomplete. In testing fothe activity of different
permutations okynthetic aminoacids, Schally elinmated the pos-
sibility that changes in thehemical structure afn aminoacid might
causeactivity. Every modificationof contextentails themaking of
different deductions, each okhich will be equally"logical" (see
below). It isthusimportant torealise that when a deductionsaid not
to belogical, orwhen we sayhat alogical possibility was deflected by
belief, or thabtherdeductions later becanpssible this isdonewith
the benefit ofhindsight, and this hindsight provides anotltentext
within which wepronounce on théogic orillogic of adeduction. The
list of possiblealternatives by which wean evaluate thdogic of a
deduction is sociologicallyrather thanlogically) determined.

By 1968, alarge numberof techniquesfrom otherdisciplines had
been imported into the TRRefd, asindicated by theextent of new
citations by TRF papersde Fig.3.2). Theadoption of thestrategy to
"go for the structure at alcost" entailed both the use téchniques
from otherdisciplines and a resultantodification of thenature of the
research task-irstly, participants drewapon moreestablishedreas
of classical endocrinology irorder to obtain reliable bioassays.
Secondly theyborrowedpurification techniquefrom peptidechemis-
try. Thisturned out to beelatively easysinceGuillemin hadalready
obtained a1,000,000-foldpurification as early asl966. Thirdly,
participantsamassed aast quantity ofbrain extracts(Fig. 3.4).
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Figure 3.4

As in Figure 3.3 this is a sim plified representation of the TRF area. This
time only Guillemin's papers are s hown, and only t hose operations
corresponding to the borrowing of techniques are represented. The
continuous arrows  indicate the extentto which the group quotes its own
articles; the discontinuous arrows indicate from which major fields
(and when) the development of the TRF area necessitated import. Once
again, the complete mesh of all the operations is a fairly good approxi-
mation of the fieldN as far as papers are concerned. In this case it shows
the material layout on which the s igns of the existence of TRF could be
constructed.
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Although exactingthis task requiredittle more thangood manage-
ment and greatdeal of patienceThisthree-fold transformation ofthe
TRF areagreatly raisedresearchstandards. Indeedsuch was the
degree ofequired chemicaéxpertisethat severecompetinggroups
(groupswhich in Schally's terms'lacked guts") found themselves
ruined.

At the same ime, theadoption ofa strategywith an all or nothing
objectentailed enormous risks. Ewéf they obtainechighly purified
material, researcherskfforts would countfor little if they failed to
determine the structure. Theorrowing of techmjues of analytical
chemistry entailed the use oéxpertise andequipment which was
costlier than borrowing tetiniques of purification chemistry. One
reason for this was thmstrumentation of analytical chemistiiself
incorporatedmany of theadvances of physics. Iparticular,peptide
chemistry hadlevelopedoowerfultools fordetermining tle structure
of biological substancesHowever, esearchers experienced some
difficulty in relocating themselvesvithin this neighbouringfield.
While located within physiology, TRF remained an interesting
substance ithat its mode ohction could bestudied, even though its
structurecould notunambiguously bedentified. Inorder toachieve
such identification it wasiecessary toelocate thesubstance in the
new context olnalyticalpeptidechemistry. The frusations met by
researchers intheir attempts toachieve thisrelocation arewell
illustrated in the followingpassagenritten in 1968:

Our efforts atcharacterizing thehemical structure of TRF have led us
to the conclusion that we ardealing with a rathedifficult problem for
which classical methodology isturning out to be ofonly limited
significance. With thepreparations ohighly purified TRFwhich we
have studied so far, thematerial has appeared to Ib@n-volatile at
atmospheric pressure whiphecludesthe use of gas chromatography,
or in high vacuum of theorder of 10 torr even at130;C, which pre-
cludes the use of mass spectromédrgtudy it. Theclassical derivatives
which areusuallymade inthese circumstancémethyl,trimethylsylyl,
pivalyl) havenot yet proved to be of any help istudyingthis problem.
Nuclearmagneticresonancespectra ohighly purified TRF at 60, 100
or 220 megahertz wititime averaginghavenotyielded aly meaningful
information except that we may bdealing with a highlysaturated
alicyclic orheterocyclicstructure withperipheral CH groups,without
completelyruling out apolyamide structurelnfrared aml ultraviolet
spectrahavenot contributed muchinformation either. One of thmain
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problems here ishat of theusuallyminutequantities ofmaterialsavail-
able foreach one ofthese methodich are thustretched taheir level
of highest sensitivity with a correspondingloss of specificity of the
informationobtained. In view of thextremelyhigh cost of thestarting
material and theminute quantities of pure TRF that can be ainted
from this startingmaterial itwould appeathat thesolution tothe chem-
ical characterization of the moleculef TRF will require some of the
most advanced methodology that physical or organic chemistry is
presentlyoffering or still in theprocess ofleveloping. . . Morereward-
ing have been a series ekperiments dealingvith the physiological
studieswith TRF (Guillemin etal., 1968:579).

In other words, it was felt that thimitial strategy ofgoing for the
sequenceather than the mode attion mighthavebeen amistake. At
asymposium held imfokyo andattended by the majiy of researchers
in the TRF subfield,there were a number of exchandetweenthose
convinced of thevalue ofthe chemicalapproach and physiologists
such as Harris, who saw no virtirecommitting the whole field to this
task. In 1966 McCamreceived theEndocrineSocietyaward. This
had the effect oflegitimating theclassical physiologicahpproach to
the problem,just at thetime when both Stally and Guilleminwere
boggeddown in themost difficult part oftheir chemicalextraction
work.

Many participants were by nowware of theradical differences
implied by the newapproach, of te growing competition between the
groups led bySchally andGuillemin and of theextremedifficulty in
effecting a transition betweenisolation and analytic chemistry.
However, no one was as puzzled by thate of thefield as thefunding
agencies. For eighyears increasing amounts ofoney had been
invested in thefield, but fewer and feweresults had emerged. At the
end of 1968, theituation came to Aeadwhen a reviewcommittee of
the NIH was set ugo assesswhat was wrong in the field and, in
particular, toassessesearchers' chemicakpertise and toeview the
likelihood of them obtainig the structure(Burgus, 1976; McCann,
1976;Guillemin, 1975 ;Wade, 1978)Clearly, the principl®flaissez
faire was notrespected athis time. Researchers in the fieldere
summoned toTucson inJanuary 1969 to showwhere they ®od,
under explicit threat of theossible withdrawal of funding and a
subsequentreturn to thecheaper but moreaewarding realms of
classical physiology.

Guillemin, who was jusgetting newesults, diceverything hecould
to delay this meeting for sveral months(Guillemin, 1976). In
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commonwith other members of hilboratory, hefelt that the public
exposure gbreliminary results would do more harthangood. Bythis
stage,however, he hébegun tocollaboratewith Burgus,a chemist
attracted to thdield once thestability ofthe TRFassay hadonvinced
him that the us of analytic chemistrywould not be wasted on an
elusive substance, as CRF had turned out to be (Burdi$s6).
Indeed,everythingdepended on Burgusthemistry.Guillemin was
not a chemist. Schally hadstoppedworking on theprogramme, and
only Burguscouldguaranteeccess to thharderfield. It is difficult to
assessvhether or not therogramme would havieeendiscontinued at
this point if Burgus had not presentednvincingresults. Therocess
of accumulatingmaterials andrain extracts hagrobablypassed a
point of no return some time in 1968. Nevertheless,access to
chemistry might have been prevented djack of funds, and a long
delay might haveccurred ifthe findingagencies had carried dieir
threat.

At the Tucsonsymposium held idanuaryl1969, manyparticipants
reportedfeeling intenselydiscouraged after the openisgssions. No
headway had beemade, the chemistrbeing usedappearedsome-
what dubiousand therewere some operdisputes betweenhemists
andendocrinologists. But the situati@mangedvhenBurgusbegan to
speak:

[W]ith the availability of the 1 mg ofmaterial which we havedust
obtained in the last feweeks, we havéinally been able to obtain an
amino acil analysis:
His: 285 Glu: 28.1 Pro: 29.2
. . .theseaminoacids togethemake up 80% ofthtotalweight of the
preparation (Burgus an@uillemin, 1970a:233).

This demonstrated that TREomprised threeamino acids inequi-
molar ratio. Inother wordsthe ideathat TRF was not peptide was
probably wrong. As aresult, the argument that TRF was not
inactivated byenzymes and was thus notpaptide was reversed. A
subsequent explanation itfe lack ofenzyme inactivatiorportrayed
the earlier work as mistaken:

It is not surprising that theproteolytic enzymes do not act on the
moleculeconsidering thehree aminoacidsthat are present. We have
also considered thepossibility of acyclic or protectedpeptide being
involved whichwould alsoexplain theresistance t@roteasegBurgus
and Guillemin, 1970a:236).
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However, Burgusstopped short oflaiming that TRF was aeptide
andnothing elseWhen askedaboutthis in the fdlowing discussion, he
stressed theéramatic turn whicthadtakenplacewhen he explained
why a follow-up experiment had not yet beearriedout: "Our mode
of thinking on thepolypeptide nature of thisnaterial haschanged
basically in the last 2 or 3 weeks" (Burgus aadillemin, 1970b:
239). The precise details of the way this changeduwadeaboutwere
notimmediatelyapparentNevertheless, from thgoint of view of the
sponsors of thesymposium, Bugus's results came as aelief.
Everyone congratulated thepeakers. One of the chemists who had
been especiallyinvited to monitor the quality of the chemistry
commented:

| would like to congratulat®rs. Burgus andGuillemin, andalso Dr.
Schally on two verelegant aneéxciting chemicapapers; | am sure that
many of us feethat things areettingratherclose now, and theriteria
for purity in both cases werextremelyimpressive (Meites1970:238).

The closenessnentionedhere refers to theisgularobjective, pursued
by bothGuillemin andSchally, of obtaining thetructure of TRRusing
peptidechemistry. Theeference to impressécriteria clearlyreflects
the increase in standards betweene professionalboundary and
another.Several respondent®calledtheir feelings of optimism that
the field would besaved andhat moneywould notstop.

Bearing in mind ouearlier dscussionhowever, it is nosurprising
that Schally's reaction was vedyfferent. Schally's grougontributed
little to thepublisheddiscussiongxcept tonotethat,"incidentally we
were thefirst toreport (in 1966}hatthese are the thremminoacids in
the molecule of THE" (Meites, 1970: 238). However, his recollec-
tions ininterview weremorevivid:

But at the Tucsommeeting, when Iheard thereport ofGuillemin, my
God, Ithought wewere on theight track allalong in 1966. Itcame as a
completesurprise to me ... we worked like hell . . . themmimediately
made apactwith F. (Schally,int., 1976).

In the context establishetty Burgus'sresults,Schally's 1966 paper
not only becameworth believing, it alsobecame th retrospective
precursor of the Wicson paper antience providedis majorclaim to
credit.
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Narrowing Down the Possibilities

A bioassaycarried out on @artially purified fraction can béhought
of asa"soft" technique in thesensahat eactresultinginscription can
be interpreted in tens different ways. Bycontrast, an amino acid
analysis AAA) is "hard" in thesense that theumber ofpossible
statementswhich could fit eachinscription is verymuch smaller
(Moore et al.,1958). Thedifferencebetweensoft andhardtechniques
does notdepend on any absolutevaluation of the quality of
techniques. Hardness isnply refers to thefact that a particular
material layout permits the advancedelimination of many more
alternativeexplanations(see Ch. 6).

In 1962 Guillemin haddecided to go for the TRFtmicture. By
1968, however, he had not yet obtained the siniglerpretation that
this goal necessitated. TRF habecomeboth anactive fraction in
bioassays and sizable (1 mgkample in an amino acahalyzer. The
useofanalytic chemistrynade it possible tbelieve both that TRF had
existed between 1962 and 1968nd that threeamino acids were
present in themolecule. But TRFcould still have been a variety of
other things; imight havebeenhistidine,glutamicacid, andproline in
anyoneof six possiblecombinations; imight also havebeen a three,
six, ornine amino acidsequence (the sansequence beingepeated
severaltimes); finally, it could merely have been @&omponent of a
largeractive molecule, tnce 20% of theweight was still unaccounted
for. In other words,althoughbetween1966 am 1969, Burgus had
dramaticallynarrowed thenumber ofpossibilities by importing more
andmoretechniques of analytic chemistry, too many remained. Atthe
sametime, it wasbecoming yet morglifficult to eliminate thelast few
possibilitiesbecauseesearchers weneearing the limits of sensitivity
of their instruments.

Each new experimentould redefine the rangef possiblealterna-
tive explanations:! Forinstancewhat was knowrabout theweight of
TRF wascompatiblewith a tri-, ahexa-, or a nona-peptid€@nce the
weight wastaken asreliable, the alternativexplanation that TRF was
morethan anona-peptide wasliminatedbecause of ittncompatibility
with this fact. From another point oview, however, therange of
alternativeexplanationscould beincreased. Burgus, fanstance, did
notbelievethat TRF wasnerely a peptidestill lessthat it was a simple
tripeptide.Consequently, heelayed hidinal choice byconsidering a
larger number of possibilities thamventually turned out to be
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necessary. In a similar way, each new method, each fresh exchange
with colleagues and each change in the evaluation of colleagues'
beliefs either widened or narrowed the range of possible alternatives.
At the Tucson meeting, considerable excitement was engendered by
the sudden realisation that after seven years of unrewarding work, the
number of possible characterisations of TRF was dramatically re-
duced. In 1962 TRF might have consisted of any of the combinations
of the twenty amino acids then known; by 1966, the range of
alternatives had been increased —TRF might also have been some
other possible arrangement of a nonpeptidic nature. Suddenly, in
1969, it could only be one of twenty or thirty possibilities. In the
seventy years of analytical chemistry, the strategy used to attain one
such possibility was to talk of the substance in terms of its primary
structure (Lehninger, 1975).

The ultimate objective was to attain the particular structure of TRF.
It was an ultimate objective because, once attained, a synthetic replica
could be produced and compared with the original substance. It was
also ultimate in the sense that, given the choice of strategy, nothing
further remained to be known. Aristotle defined a substance as
something more than its attribute. In chemistry, however, a substance
can be so completely reduced to its attribute that an exactly similar
substance can be obtained de novo (Bachelard, 1934). This in part
explains participants' fascination for the objective. If the exact
structure could be obtained, some of the solidity of chemistry and
molecular biology could be injected into endocrinology. Or, at least,
one unknown ("what exactly is it that we inject?") could be eliminated
and the sophistication of all subsequent bioassays could be enhanced.

The requirements for stabilising the structure of TRF were simple:
Traces obtained from inscription devices had to be transposed into the
language of chemistry. It was known that only three amino acids were
present in the substance and that only one arrangement of these acids
could trigger activity. The difficulty of identifying the particular
arrangement of the amino acids in 1969 is illustrated by Table 3.1.
Each of the structures proposed resulted from the application of a new
method to the problem and each survived only a few months.
Obviously, it is necessary to show precisely how this flux of different
names stabilized into one single sequence.

One indirect means of determining the sequence was to synthesize
all six possible combinations of the three amino acids known to exist in
equimolar ratio in TRF. As we saw above, Schally did this in 1968 but
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failed to find any activity. Burgus followed the same approach in 1969
and similarly found that none of the synthetic peptides exhibited
activity. By 1969, however, the context had changed. Instead of
concluding, as Schally had done two years earlier, that TRF was not a
peptide, Burgus's negative results were taken as evidence that "some-
thing should be done to the N terminal." This involved further
chemical manipulation of all six peptides. As a result of one such
manipulation, known as "acetylation," it was found that one and only
one peptide showed activity: "it seems that the sequence R-Glu-His-
Pro is necessary to biological activity, instead of any distribution of the
three amino-acids" (Burgus et al., 1969: 2116).

The synthetic replica of TRF was thus known before knowledge of
the natural TRF had been constructed. In other words, the use of
synthetic chemistry was sufficient to narrow down the possible
sequences of TRF from six to one, without having to touch the
precious micrograms of the natural extract.

This operation, however, demonstrated only that the synthetic
material R-Glu-His-Pro was biologically active, not that natural TRF
had the structure R-Glu-His-Pro. To demonstate this further point,
inscriptions obtained both from natural and from synthetic material
had to be compared. Schally's group tried to do this by comparing the
thin layer chromatographs (TLC) of the two substances in twenty
different systems. But this was not regarded as an acceptable proof in
Guillemin's laboratory. Whether or not the number and quality of
inscriptions constituted a proof depended on negotiations between
members. It was extremely difficult to decide whether or not two
chromatographs (one for synthetic and one for the natural sample)
were similar. Having evaluated small differences as meaningful,
Burgus wrote: "Given the difference of specific activity and of
behaviour in several Chromatographie systems, it was obvious that
Pyro-Glu-His-Pro-OH was not identical to native TRF" (Burgus et
al., 1969b: 226). He went on to propose a further modification which
would reduce the remaining small differences and thus allow the
specification of one sequence for TRF: "One of the most interesting
structures would be Pyro-Glu-His-Pro-amide, because there exist a
great number of biologically active polypeptides with a C terminal
which is amidated" (Burgus et al., 1969b: 227).

The notion that the peptide could also be amidated led to the
fabrication of a compound which would reduce the difference between
the two sets of observations on the Chromatograph. Indeed, once
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synthesized, this new compound was found to be similar to natural
TRF both in bioassays and in other inscription devices: "[T]he
properties of TRF most closely matchedhat of the amide, failing to
separatefrom the synthetic compound in four different systems of
TLC when run in mixtures" (Burgus et al., 1970).

It would be inadequate for us simply to conclude that TRF is or is
not Pyro-Glu-His-Pro-NH,. Difference or identity do not exist per se;
rather they depend on the context in which they are used and on
negotiations between investigators. It was thus possible either to
dismiss a difference as minor noise or to deem it a major discrepancy.
Guillemin's group observed "slight differences" between natural and
synthetic compounds as revealed by various inscription devices. So
seriously did they view these slight differences, however, that in the
paper published in July they wrote, "Thus, the structure of TRF is not
Pyro-Glu-His-Pro-OH, Pyro-Glu-His-Pro-OMe nor Pyro-Glu-His-
Pro-NH," (Burgus et al., 1969b: 228) But for this statement there
would have been no subsequent dispute over the allocation of credit
and the story would have ended in July 1969."

While Guillemin's group were considering more possibilities than
turned out to be necessary, Schally's group published two papers
(written by Folkers and submitted on August 8, 1969 and September
22, 1969). In these papers, neither the revelation at the Tucson
meeting nor the period between 1966 and 1969 are mentioned.
Instead, the 1966 paper was portrayed as the first in which the correct
amino acid analysis had been given. The first of Folker's 1969 papers,
entitled "Discovery of Modification of the Synthetic Tripeptide
Sequence of the TRH Having Activity," refers to Pyro-Glu-His-
Pro-NH, as one of severalactive peptides. Guillemin, however,
claimed that this idea had been passed from one group to another
during an informal talk at the June (1969) meeting of the Endocrine
Society. It is as difficult to establish the truth of this claim as it is of
Schally's response (private communication, 1976) that he already
knew of this modification but had been "instructed not to tell." The
second of Folker's 1969 papers, entitled "Identity of TRH and Pyro-
Glu-His-Pro-NH," (Boler et al., 1969), records Folker's decision to
deem identical the natural and synthetic substances. To fortify his
claim to priority, Folker cited Burgus's paper: "Burgus et al (1969b)
states that the structure of ovine TRH is not that of Pyro-Glu-His-
Pro-NR, and that a secondary or tertiary amide modification is not
excluded" (Boler et al., 1969: 707). Curiously, however, Boler et al.
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appear to contradi¢his statement in theext paragraph of theame
paper: "If the #&ucture of TRH is notthat of Pyro-Glu-His-
Pro(NH,), then certain possibilities are evident" (Boler et 4869:

707). Inother words, Folkeryedwith alternative stuctures of TRF
even though his paper's tiledicated that he hadefinitely settled on
one. This is a goodxample of what thetyle of a papecan achieve.
Schally'sstatements alloweGuillemin'sgroup to accus&chally's
group ofdoubletalk. As far as Guillemin'group wasconcerned,
Schally didnot havegreaterproofthan they thaPyro-Glu-His-Pro-
NH, wasthe structure. Rather, thesawSchally's statement®th as
an expression of confidence in Burgus's argument and ragans of
beating the "overcautiou®urgus by two months. As we hashown

above, Burgus could notrely on Schally buthad to establishfresh

sources ofnformation.

Given the organisatio of peptide chemistry atthis time, Burgus
considered thatnly massspectrometry coulgrovide afully satisfac-
tory answer to the problem @valuating the diffrencesbetween
natural andsyntheticTRF. Once apectrometer haldeen provided,
no one would arguanymore®® The strength ofthe mass spectrometer
is givenby the physics itembodies. It is not our purpose here to study
the social history of massspectrometry. Suffice to say that for a
peptidechemist its useonstituted thailtimate argumenbecause, as
Burgus (1976) put it: "ieliminates all but a fewossibilities." The use
of chromatographslone couldenable chemists toontinue arguing
that thestructure of TRF might bdifferent and tqproposealternative
interpretations. Thus Burgugl976) made thefollowing comment
aboutSchally's use dhin layerchromatography (TLC)?any good
chemistwill tell you that TLC doesotmake groof. " Theonly way to
avoid further argument and teettle thequestion waghroughmass
spectrometryWhereassimilarity between théraces osynthetic and
natural materiaktould betaken to be coincidental iather systems,
mass spectrometerprovided information at thelevel of atomic
structure.Although theremight be thousands efays ofexplaining
similar activity in an assay, or ia Chromatograph, there were only
very few possibilities foexplaining similarity in anass spectrometer.
Burgusthereforeforecast thatvhoever obtained the spectranaftural
andsynthetic TRF wouldettle thequestion forever (seeTable3.1).

Unfortunately, the use ahass spectrometry hathus far been
limited because the sample of TRF was wotatile. Without the
means ofnakingsamplesvolatile, thefinal unambiguous determina-
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Table 3.1
Before 1962 Is there a TRF?

After 1962 There is a TRF.
What is it? It is a peptide.

Around 1966 It might not be a peptide.

It is not a peptide.
January 1969 It is a peptide. It contains His, Pro and Glu.
April 1969 It is either R-Glu-His-Pro

or  R-Glu-His-Pro-R

It is not Pyro-Glu-His-Pro-OH
nor Pyro-Glu-His-Pro-OMe
nor Pyro-Glu-His-Pro-NH,

November 1969 TRF is Pyro-Glu-His-Pro-NH,

tion of structurecould not bemade.Consequentlythere ensued a
period ofseveraimonthsduring whichinvestigatordried several ways
ofinserting thesample into thenass spectrometer guch a way that it
became volatile'This is not amajortechnologicaladvance, but it is
onemade fotthis particulaprogram . . thatis why itook solong, we
had to stop andevelop this technique" (Burgud976).

Finally, Burgus was able (sometime Beptember 1969) to intro-
duce thenaturalsample into themassspectrometer, and to obtain a
spectrum that no one in the fietduld interpret asbeing significantly
differentfrom that for the synthetic materialThis is thefirstinstance
ofthestructure ofinaturalproduct being determined on thasis ofits
similarity with a syntheticproduct” (Burgus andGuillemin, 1970).

Here wereach aurningpoint in the TRFstory. Researchers in the
TRF field nolongersaid thathatural TRF had apectrum "similar to"
Pyro-Glu-His-Pro-NH, northa TRF was "like" thesyntheticcom-
pound Pyro-Glu-His-Pro-NH. Instead, a majoontological change
took place (see Ch. 4). Participantgere nowsaying that TRHFs
Pyro-Glu-His-Pro-NH. The predicate became absoluédl, modalities
weredropped and thehemicalnamebegan to be theane of areal
structure. Immediately, thetatus of TRF wasansformed into that of
afact, andstatemensuch as'Guillemin andSchallyhave established
that TRF is Pyro-Glu-His-Pro-NH" became commonplace.
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TRF Moves into Other Networks

Thepure fraction of TRFebtained by the usef highly sophisticated
tools ofanalytic chemistrycould beidentified simply interms of a
string of eightsyllables.Thislabelwill remain unambiguous as long as
analytical chemistry and the physicef mass spectrometryemain
unaltered. The advantage baving situated TRF in therelatively
restrictive context ofnalytic chemistryjbecame obvious asarly as
November1969. Tofind out what TRF wadefore this date would
haveentailed daborious searcthrough acomplex mesh dbrty-one
papers, full ofcontradictorystatementspartial interpretations, and
half-bakedchemistry. Afte November1969,however eightsyllables
enabled the rapidpread of news bielephone or by warof mouth and
thus raised the @sibility of a mdical change afietwork structure. A
tiny group ofspecialists might have concerndtemselves with the
same problem foyears, simply byiting arelatively small number of
papers. Nowhowever, a&onsiderably larger publicould use theight
syllable formula as fresh startingpoint fortheir research. Ththree
aminoacidformula also had thsubstantial advantage thatduld be
used to order as greatqaiantity of thesubstance from any chemical
company asnoney wasavailable to pay for it.

The crucialpoint wehave triedrepeatedly tstress in thichapter is
that once one and only operified structure had beahosen out of all
the equallyprobablestructures, decisivemetamorphosisccurred in
thenature of theonstructed object. A feweeks after the stabilisation
of TRF, nonproblematic samples of theurified materialbegan to
circulate within circles of researchers faemoved fromthe original
groups led byGuillemin ard Schally. Thesecirclescomprisedyroups
andlaboratorieswhich the impureproblematicfractions (foundonly
to be active in ambersome andnreliableassays) wouldever have
reached. For theseew groups TRFapidly becomeaken forgranted.
Its history began tdade away, and reainingtraces andcars of its
productionbecomeless and lessignificant forpractising scientists.
Instead, TRbecame just one more of theanytoolsutilised aspart of
long research prgrammes.

The differencebetween theeightyears of effort and the simplicity of
thefinal structure ofhree aminacacids; thedisproportionbetween the
tons ofhypothalami thatvereprocessed anthe meremicrograms of
substancewhich were eventually obtained; thefierce competition
between the two groups; tllrama of theTucsonmeetingNall these
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featuresenabled TRF to take on a neignificancewithin yetanother
networkNthat of thepress. TRbecame atory and the use oftons of
sheep'drain amyth. People who halleen total} disinterested by the
production of forty-one articles over ten yeamwuld nowbecome
interested in théinal eventwhich they, in turnhelped to highlight and
dramatise"’

NOTES

1. Weuse the term in theense developed Bloor ( 1976). Ouparticularinterest
is with the aspect of the teong programmewhich Bloor refers to as'impartiality”
(1976: 5). However, our contention is past thatsociologicalexplanationshould be
impartial with respect taruth or falsity, andhatboth sides othe dichotomyrequire
explanation. Our argument is thie implicit (or explict) adoption of a truttvalue
alters the form oéxplanatoryaccountwhich is produced.

2. Since theaward to one of our informantstbeNobd Prize fa medicine for this
episode, amumber ofjournalistic accountbaveappeared. It is dhterest tocompare the
present account witihese. Seespecially Wade1978) and Donovan et gforthcoming).

3. The figures used here arbased onthree sources:firstly, we used the
publicationlists of the twomain groupsengaged in thevork; secondly, weecorded all
the references irthese articlesthirdly, we checked theesultingcorpus forcomplete-
ness againsindex Medicusand Permuterm. All referencesto these papers were
obtainedeither from the SCI ofrom the othempapers in the corpus.

4. The difference between the te expressionsalso reflects a difference of
paradigm. Taefer to thesubstance as'@ormone"meanghat it is not a newlass of
substance. Work on "horones"consequently fitawithin the classical framework of
endocrinology. To callthe substance &actor," on the othehand, permits the
integration oftle substance inther series ofterm®eurotransmitor, foinstance) or in
anew class by itseltybernins, forinstance)[see, forinstance,Guillemin 1976].

5. There are mangccounts ofthiglispute (Wade 978), some byheparticipants
themselvegDonovan et al.forthcoming). The subject hdmen treated ad nauseam
both in neuroendocrinology and in th@ress. Thesaccountsconcern thekind of
obvioussocial factorsvhich are not ofmajorinterest to our argumehere: our intention
is to analyse the nature of TREelf. We donct therefore attemptlosely toanalyse the
controversyaboutchronology. For practicglurposes, wéollow the Californiagroup's
accounts morelosely.

6. Thenew restraints thabuilleminimposed on th@roblem met thepproval of
themajoragencies, especialthe Americarones. He hadlready accumulatedlarge
capital of confidence: thenonetarycapital could be lent him wittsomecertitude of
return, eventhough his demands were velygh. For instance in al1$0,000grant
application to NIH fo buying hypothalami,Guillemin wrote: "A considerable
investment hasalready beenmade in termsof money, time, and effort in this
programme. | consider tlpgesent request asime qua norfor itscompletion” ( 1965).

7. Inthefirst year,theliteratureproduced by the groupcluded thefollowing: an
article describing thé'method ofcalculation andanalysis ofesults of the McKenzie



150 LABORATORY LIFE

essay forThyrotropin,” which is astatistical study including details of computer
programming; articleslescribing tle "modified McKenzie assay"; "@roposal for a
referencestandard” toeasecomparison with otheinvestigations; andarticles on
"methods opurification andcollection." The set dfechniques sgatheredconstitute
the circumstancethroughwhich TRFgained somestability ofexistence (see Fig 3.4
and Ch. 6).

8. Thetransformation of accent sommon in thestudy of religion but has yetto be
carried outin science.Science igliscourse, oneffect ofwhich is to assethat itspeaks
the truth. Lyatard (1975) hasshown some ofthese effects: Knor(submitted) has
studied how the work oWriting transforms researchindings. The "author," the
"theory," the"nature," and the "public" are alifects of the text. Thisis especially
important inhistorical accounts. SeeBarthes(1966).

9. We shall return to a discussion of the tebmlief in Chapter 61t is notsolely a
cognitiveterm. It alsorefers to theassessment afivestments to beade in ararea, the
type of equipment to bpurchasedwhich kinds ofinscriptiondevice aremog valued,
whatcounts as groof, and so onGuillemin defned thearea in such a wathat when
Schallycame to set up a labatory in competition, he ltbalmost exactly to duplicate
the organisation ofuillemin'slaboratory. The notion @fssymmetry of belief needs to be
understood withthis materialbackground inmind.

10. The nature ofcitation refers toChapter 2(last section) and tdhe article by
Latour (1976). It isclear thatthis is acrudereflection of thesum total obperations
made by papers on or@nother, but even in this rough forthey provide auseful
indication ofthe agonisticfield.

11. We haw to wait until Chapter 6 beforeonsidering the notiowf "alternative”
on firmer ground. It isobvious athis pointthat thenumber ofalternativesdepends on
the agonistic field and that thelimination of one ootheralternativedepends on the
relative weight given to ay of the inscriptions.

12. Onceagain it isnecessary not to btaken in by tle wording of historical
discourse. Thenotion of theend of a story (as weshowedabove) depended on the
Guillemin's strategy to obtain thetructure; it dependedlso on the way atatement
wasqualified byBurgus et al. inheir 1969barticle and on theumerousaccountghat
Schally andGuillemin later gave.

13. The massspectrometeconstitutes @lack box. It is preciselybecause of this
character that it provides most of thardness of the fieldsee Ch. 6). The large
prototype of themiddle thirties has nowecome a&ompact andcommonplace piece of
equipment, whichncorporates aomputer to carry oumost of theinitial interpreta-
tions. It has beerapplied to organicchemistry forthirty years, andspecifically to
peptides as early a4959. Theextension of its use toeleasingfactors was thus a
relatively smallstep. Given Guillemin'sstrategy, notherfinal proof wasavailable.
The power of theequipmentlies in the factthat the inscription(the spectrum) is
obtained by direct contact of theectronflow with the samplednolecules Beynon,
1960).Although thenumber oimediations iwery grea{Bachelard,1934), each of the
indications isblack-boxed, andncorporated into a piece @firniture. Consequently,
the final result is taken as incontrovertible.

14. See, forexample, Medical World News, January 16,1970; Le Monde,
January 15,1970. Each of thenumerousarticles ofthis period insist onthe fierce
competition betweerSchally andGuillemin, and on the clinicaimportance otheir
discoveries. TheNobel Prize, awarded inarge partbecause of the TRF story,
regenerated aimilar rush of stories in the press.



Chapter 4

THE MICROPROCESSING OF FACTS

Ourinitial visit to thelaboratoryestablished the centramportance of
literary inscription forlaboratory activity: the work of the laboratory
canbeunderstood in terms of theontinual generation of a variety of
documentswhich are used t@ffect the transformation oktatement
types and senhance odetractfrom their fact-like status. In the last
chapter, our historidaexamination of thegenesis of a singldact
demonstrated thénfluence oflaboratory context indelimiting the
number of alternativetatementsvhich could be made: only byirtue

of a crucial shift betweemne network andanother could particular
statement begigirculation as adct. On the basisf our argument so
far, however, it might be guedthat we have as yet to penetrate the
very essence aitientificactivity, that oudescription of factonstruc-
tion hasleft untouchedhose aspects gtientific activity which have
to do with "logic" and "rasoning." Inthis chaptertherefore, we
return to aclose examination of the day-to-dagctivities of the
laboratory in order toextend ouw enquiry into the mostintimate
aspects of factonstruction. We focus on th@utine exchanges and
gestureswvhich passbetweenscientists and on gway in whichsuch
minutiae areseen to giveise to "logcal" arguments, the implementa-
tion of "proofs,"and the operation ab-called'thought processes."

151
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Our examination of the dailgctivities of the laboratorgntails an
interest in the wayn which even the smallegestures constitute the
social construction offacts. Put anotheway, ourconcern in this
chapter is with the microprocesseserebyfacts are sociallycon-
structed. As we havargued fronthebeginning, the sense which we
use the term social refers to phenomena othethan the obvious
influence ofideology (Forman, 1971), scandal (Lecoyrtl976), or
macroinstitutional dctors (Rose and Rosel1976). Suchfactors
scarcelyexhaust thesocialcharacter of science. Moreover, there is a
danger that whenever these kinds of social factors arermoédiately
apparent, certairsociologists ofscience might conclude that the
activity they obgrve doesotfall within their domain oEompetence.
For example, thehistory of TRFpresented in the last chapter only
oncerevealed thenfluence ofideology (p. 123); there wagvidence
only of theindirectinfluence ofcareer determinatio(p. 119); and
only on threeoccasions washere anyevidence of thanfluence of
institutionalfactors (e.g., pl39). The sense which social is used by
sone sociologistswould thushave yieldedonly asmall number of
instances othe clearinfluence ofideology, manifestdishonesty,
prejudice, and so on. But it woultke incorrect toconclude that the
TRF story only exhibits thepartial influence of sociagicd features.
Instead, we claim that TR athoroughlysocial construction. By
maintaining thesense inwhich we usesocial, wehope to be able to
pursue the tsongprogramme at a levelpparentlybeyond traditional
sociological grasp. IrKnorr's terms, we want tdemonstrate the
idiosyncratic, localheterogenous;ontextual, and multifacetezhar-
acter ofscientific practicegKnorr, in press). We ggestthat the
apparentijogical character ofeasoning is onlypart of amuchmore
complexphenomenon that Aug@l975) calls "practicesof interpre-
tation" andwhich compriseslocal, tacit negotiations, constantly
changingevaluations, and unconsciousiostitutionalizedgestures.
Our objective in ths chapter is to showhat this is thecase and that a
belief in the logical andstraightforward characteof scienceitself
arises in tlke course othese practices ohterpretation. Inshort, we
observe howdifferencesbetween thelogic of scientific and non-
scientific practices ofnterpretation a¥ created andustainedwvithin
the laboratory.

It is tempting tostart from the premisthat thenature of scientific
activity is essentially differenfrom thosepractices of interpretation in
nonscientific activity. Aswve shall suggesthowever,suchtemptation
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arises inpart because scientifigractices are all too often displayed
through the use derms suchas hypothesis,proof, anddeduction.
The useof such terms renderscientific practice adifferent, but it is
not clear that they are being used otherthan tautologically. For
example, Garfinkel (1967, Ch. 8),in relating Schutz's (1953)
description ofscientific activity, represents tewriteria of common
senserationality and adds fouwhich can be takeras peculiar to
science. One ofhese four criteria is thascientists look for‘com-
patibility of end-means relationships withipciples offormal logic"
(p. 267). However, the onlyifferencebetweenthis and thecorres-
ponding criteria ocommon sense practice the appearancén the
former of theterm formallogic. As adefiningfeature ofscience, the
notion offormal logic is clearly being usedtautologically. Another
criteria, "compatibility of thedefinition of a situation with scientific
knowledge" (p. 268), isdentical to itsdaily life counterpart but for
the inclusion of theword scientific. Once again acriterial feature of
distinctiveness is usethutologically. Although this manoeuvre is
relatively common(Althusser,1974), it isparticularlystriking when
employed by an author such as Schutz, who haptbfessed aim of
describing phenomenologically thactual pactice of scientists at
work. Observerdamiliar with notions fed thenby epistemologists find
it easy toidentify instances of honorificdiscourse inscientists’
practical activity. Scientiststhus appear to operatscientifically
becausethey are scientists. For oypurposes, the problem is that
major differencesbetweenscience andommon sense arestablished
asaresult of tiutologicaldefinitions ofthesedifferences. Ouposition

is that if suchdifferencesexist, their existencemust be demonstrated
empirically. Wetherefore try toavoidusing episemologicalconcepts
in our portrayal ofscientific activity.

Our examination of thenicroprocesses of laboratory workbased
onobservations of actudaboratorypractice.This material,obtained
by virtue of our quasi-anthropologicalpproach, iparticularlysuited
to an analysis of the intimatdetails ofscientific activity. Sharing the
daily life of scientistsfor two yearsprovided possibilities farbeyond
thoseafforded byinterviews, archivalstudies orliterature searches.
We are thus able todraw uponobservations oflaily encounters,
working discussionsgestures, and @ariety ofunguardecehaviour!

In the first section of thischapter weexplore the rang of interests
and preoccupations apparent ail interactiors betweenmembers of
the laboratory. Irparticular, weexamine thevays inwhich facts can
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be created or destroyed during relatively brief conversational ex-
changes. Secondly, we consider the process whereby the occurrence of
this kind of exchanges becomes transformed into accounts about the
genesis of "ideas" and "thought processes." Finally, we discuss
sources of resistance to the understanding of facts as socially con-
structed. How can we account sociologically both for the absence of
nonindexical statements and for the beliefthat there is such a thing as a
nonindexical statement?’

The Construction and Dismantling of Facts in Conversation

One way to examine the microprocesses of fact construction in
science is by looking at conversation and discussions between mem-
bers of the laboratory. For various reasons, it was not possible to tape-
record discussions in the laboratory. For a total of twenty-five
discussions, however, notes were compiled which include records of
the timing, gestures, and intonation. A number of informal discus-
sions, including snatches of conversations at benches, in the lobby and
at lunch, were similarly noted. Tape recorders could not be used, so
these notes lack the precision necessary for "conversational analy-
sis." Even in their somewhat crude or "tidied" state, however, these
discussion notes provide a useful opportunity for a close analysis ofthe
construction of facts.

We began by considering three short excerpts from an informal
discussion in order to illustrate some of the ways in which arguments
are constantly modified, reinforced, or negated during ordinary
interaction in the laboratory. The conversation took place between
Wilson, Flower, and Smith in the lobby. Smith was on the point of
leaving when Wilson began to talk about an experiment he had done
some days previously:

(a) Wilson (to Flower): You know how difficult this ACTH assay is, for
the lower amount. ... I was thinking, well, for
fifteen years I have wasted my money on his
assay . . . Dietrich had calculated an ideal curve.
Last time he made a mistake, because if you
look at the real data, each time ACTH goes
down Endorphin goes down, each time ACTH
goes up Endorphin goes up. So we are going to
calculate the fit between the two curves. Snoopy
did it, it's 0.8.

Flower: Wooh!
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Wilson: And we are going to do it with the means, which
is perfectly legal. It will be, I am sure, 0.9
(XII, 85).

Wilson and Flower then began to discuss a paper they were writing for
Science. As Smith again started to leave, however, Wilson turned to
him:

(b) Wilson (to Smith): By the way, I saw on the computer yesterday a
93% (match between) haemoglobin ... or
yeast?! ...

(to Flower): You know what we are talking about? Our
friend Brunick yesterday announced at the
Endocrine Society Meeting that he had an
amino acid analysis for CRF. You know what
happened with his GRF? Smith had a com-
puter programme to look at homologies and
found a 98% homology with haemoglobin, and
I don't know what . . . yeast floating in the
air. ...

Flower: That's a case for concern.
Wilson (laughing): Depends on who you are. . . . (XIII, 85).

In the first excerpt, the notion that ACTH and endorphin were the
same was reinforced by the suggestion of a probable improvement in
the fit between two curves. As a result, Smith and Flower were
persuaded that the operation met the desired professional standards.
In the second excerpt, however, a colleague's claim was dismissed by
showing an almost perfect fit between CRF, an important and long
sought-after releasing factor, and a piece of haemoglobin, a relatively
trivial protein. The dismissal effect is heightened by the creation of a
link between his recent claim and the well-known blunder which the
same colleague had committed a few years earlier (cf., Wynne, 1976:
327). Brunick had then claimed to have found a very important
releasing factor, which later turned out to be a piece of haemoglobin.
Brunick's recent claim was severely jeopardised by reference to this
past incident. Flower's subsequent comment ("that's a case for
concern") triggered a response which can be taken as indicating
Wilson's high regard for his own professional standards compared to
those of Brunick.

Smith left when Wilson suggested returning to discussion of the
Science article. Wilson showed Flower a new mapping of the pituitary
vascular system which had been sent to him by a European scientist.
There then ensued a discussion of the map.
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(c) Wilson: Anyway, thequestion for this paper is what |
said in one of the veions that there waso
evidencehat there was anysychobehavioural

effect of these peptides injectddv. . . . Can
we write thatdown?
Flower: That's gpractical question . . . what dave

accept as a negative answer?Flower men-
tioned apaperwhich reported the use of an
‘'enormous' amoundf peptideswith a positive

result.]
Wilson: Thatmuch?
Flower: Yes, so it depends on the peptides . . . butitis

very important to do ...

Wilson: | will give you thepeptides, yes we have to do
it ...butl'd like to read the paper. . . .

Flower: You know it's the onwhere .. ..

Wilson: Oh, | have it, OK.

Flower: Thethreshold is 1 ug. ... OK, if we want to
inject 100 rats(we need at least few micro-
grams) . . .it's apracticalissue(XIl, 85).

Unlike previous excerpts, this last sequest®wsWilson asking a
series ofjuestions. Wilson anBlower can behought tohave roughly
the sameacademicstatus, even thougFlower is about tenyears
younger than Wilson.They are both heads daboratories and
members of thé&ationalAcademy ofScience However,Flower is an
expert in thepsychobehaviorakffects ofneurotransmittersvhereas
Wilson is anewcomer to this fieldWilsonthereforeneeds théenefit
of Flower's expertise invriting the collaborative paper (drafts of
which hadalreadybeen pepared at the time of theboveconversa-
tion). Morespecifically,Wilson wants to know the basis for the claim
that the peptidekave noactivity wheninjectedintravenously (1.V.),
sothat they can counter any possilukjections tatheir argument. At
first sight, aPopperian might beelighted byFlower'sresponse. It is
clear, however, that the question doessimply hinge on the presence
or absence ofevidence.Rather Flower'scommentshows that it
depends omvhat they choose to acceptmsgative evidence. Fbim,
the issue is a prtical question. Floweand Wilson follow this
exchange witha discussion of theamount of peptideshey require to
investigate the presence gfsychobehavioral effects. Wilson had
manufacturedhese rare anelxpensivepeptides in his own laboratory.
So the question for Flower is whatuantity ofpeptidesWilson is
willing to provide. The discussionbetween themthus entails a
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complex negotiation about whabnstitutes degitimate quantity of
peptides.Wilson hascontrol over theavailability of thesubstances;
Flower has theecessary expertise tletermine the amounts tfese
substances. At the sariene, a claim has beemace in theliterature
which could make it necessary to consider using aanbrmous”
guantity ofpeptides. In the lighof this claim, Wilson'sdenial that
intravenousinjection gives abehaviouraleffect isweakened. On the
othe hand, Wilson arguesthat the amount of peptidassed in the
earlier work isridiculous because it is far in excess ahything
on a physiological scale. Nevertheless Wilson agreed to give the
peptides to Flower and to carry out tinvestigation with the amount
of peptides used by the othexsearcherThey deciddthatthis was the
only way thatWilson's contentiortould be supportedSignificantly,
this experiment was plannedfter Wilson's contention had already
beendrafted?

Given the context ofthese discussions, itbecomes cleathat
negotiation betweeirlower and Wilson doesiot depend solely on
their evaluation of theepistemological basis faheir work. Inother
words, although an idealised view stientific activity mightportray
participantsassessing themportance of garticularinvestigation for
the extension ofknowledge, theabove excerptsshow that entirely
different considerations arenvolved. When, for example Flower
says, "itis veryimportantto do . . .," it ipossible teenvisage aange
of alternativeresponses about thelative importance of thaises of
peptides. In fact,Wilson's reply ("I will give you the peptides")
indicates that Wilson hearFlower's utterance as aequest for
peptides. Instead simply asking fothem, Flowercasts higequestin
terms of thdmportance ofteinvestigation. Inother wordsepistemo-
logical orevaluativeformulations ofscientific activity arebeing made
to do the work of social negotiation.

A single discussiomccupying no more than a fawinutes, carthus
comprise a series obmplex negotiations. The contention tWgGTH
and endorphin had ame commonrelation wasreinforced,Brunick's
recentclaim wasdegraded, and work waglanned to enhance the
resistance toattacks onWilson's contentionabout the lack of
psychobehaviourakffects of certainpeptides. Thesethen, are the
results of justsome microprocesses dfact constructionwhich take
place continually throughout thelaboratory. Indeed, theencounter
reportedabove istypical of hundreds okimilar exchanges. In the
course of theseexchanges beliefs arehanged,statements are en-
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hanced or discredited, and reputatioasd alliances between re-
searchers armodified. For our presemurposes, thenog important
characteristic of theskinds ofexchange is that they aevoid of
statementsvhich are"objective" inthe sensethat they escape the
influence ofnegotiation betweeparticipants. Mreover,there is no
indicationthat such exchangasmprise a kind ofeasoningprocess
which ismarkedlydifferentfrom thosecharacteristic oéxchanges in
nonscientific settings. Indeed, for ambserver, any presupposed
difference between thguality of "scientific® and "commonsense”
exchangesoondisappears. Ifasthis suggeststhere are similarities
between conversationalxchanges in the boratory andhosewhich
take place outside, it possible thadifferencesdetween scientific and
commonsenseactivity arebestcharacterised bfeaturesotherthan
differences in reasoningrocesses (see Ch. 6).

One evidentsimilarity between thescientific exchanges in the
laboratory andhosetaking place in anonscientificcontext is their
heterogeneitySeverahpparentlywerydifferentpreoccupationteature
in exchanges lasting nmorethan a fewseconds. Foexample, the
following exchangetook place between two scientists as they were
discussingthe draft of apaper:

Smith: | should do thevhole sequencing butdon't haveenoughtime.
Wilson: But these guys frorBnglandonly puttheir aminoacid analysis
in their paper,that's badnanners. . . .
Smith: And itsdangeroudecause there efinite variance between pig
andovine sequence and you canrdeduce thesequence from
the aminoacid analysis(IV, 37).

During this exchange Smith and Wilsonwere sitting at a table,
surrounded bydrafts, protocol books, andcopies ofarticles. Even
though they have alreadhalfdrafted their paper, the data topport
their arguments are not yavailable. AsSmithcomments, the series
of investigationsnecessary twbtain thesedata wouldtake more
time thanhe could spare. The paper binglishresearchersvhich
Wilson mentionedand towhich their ownpaper shoulthecessarily
refer) claims that a newly discoveredsubstance A ismerely a
component part of &nown substance BSincethey found that the
amino acid analysis ofsubstance A wagdentical with a portion of the
aminoacid analysis of substance B (@since they hadupplementary
reasons tdelieve that thewo substances wereelated), the English
researchers were said to have concluded that the structure of the two
substances was élsame . Wilson commented that toeport theamino
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acid analysis rather than theequence wasbad manners." His
complaint waghat theEnglishresearchers had madeckaim for the
identification of subtance Aprematurely, where, he (Wilson) was
trying to establish the same identificatidby direct £quencing of
substance A. Smitthowever, saw thissue as morthan just a matter
of badmanners. Hisredibility was at riskbecause ofthe danger that a
future paper might advance different structure forsubstance A,
which would makepossible accuions that both Smith and the
English researcherbad prematurelydeduced thestructure ofsub-
stance A from itamino acidanalysis. Thigossibility wa heightened
by participantsknowledge opast attempts testablish structures. By
referring to the Dayhofflictionary of peptidesvhich he kept on his
desk, Smith could showhat the structure aghany substances varied
according to theparticularspecies ofinimal from whichpeptides are
taken. Even so, when hegued that oneannot deduce thstructure
from aminoacid analysis,Smith was noinvoking anabsolute rule of
procedure. In a lesssky situation, in dessstringentgroup, in a case
where the dictionary showed novariations, the structureould have
been deduced in thiway. Since theEnglish researchers had already
made thisdeduction, Wilson and Smittmight have beetempted to
make thesamejump. The deision whether tocarry out more
experiments or simply tooncur that substance A and B wédentical
thusdepended owariousevaluationgnade by Wison andSmith. For
example, whether or not sufficient time was availablénged on
Smith'sevaluation of the relativemportance of othetasks he had to
fulfil. The importance ofindependently deducing ¢hstructure de-
pended orSmith'sassessment glossible objections inuturepapers®

Theseexamples ofconversations betweescientistsshow that a
complex web ofevaluations simultaneouslgnter into any one
deduction or decision. In thiast example, there werevaluations of
the exigencies oprofessional practice, theonstraints of time, the
possibility of future controversy, and thairgency of concommitant
researchinterests. The walth of evaluations makes iinpossible to
conceive of thoughprocesses oreasoningproceduresoccurring in
isolation from the actual material settingwhere theseconversations
took place. Let us now look more closely at the wayimich different
types of preoccupation enter inexchanges beteen scientists.

Any utterance carcomprise one or more of aumber of different
preoccupations. Thus, iany given setting,multiple interests may
simultaneouslyenter intoany oneutterance outterances may switch
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rapidly betweensets ofinterests. Foexample, aseries olitterances
dealing with what is knowrabout somethingan suddenly benter-
rupted so thaquite differenfpreoccupationsome intoplay. (Who had
donethat? Howgood ishe?) Buthesenterests adthemselvediable to
shift abruptly. (Where andrhatshould Ipublish?) The next utterance
might embody yetanotherpreoccupation(What can we say in this
paper?Moreover, thediscussion is alwaylikely to bedisrupted by an
apparently unconnected issu@ike, where did you put the racks?).

A comprehensivetypology of interestsentering into scientists'
discussions would béeyond thescope of thepresent discussion.
Nevertheless, it is possible doscern, albeitin @reliminaryway, four
main kinds of conversation&ixchangegeach ofwhich corespond to a
set of participants'preoccupations.

A first kind of exchang featured reference tdknown facts."
Discussion of long-establishddcts was rare andccurred only when
this knowledge was thoughtlevant forcontemporarydebate. More
frequently, discussionabout what was knownconcernedrecently
establishedacts. Thus,common kinds of exchangesgere: "Eh, has
someonealready done that?" "Is there a paper amat method?"
"When you try thisouffer whathappens?" When discussion digin
with no references to theast, however, ivas notong before parties to
the exchangeinvoked the gistence of one particular recentpub-
lished paper. Thefollowing was part of a lunchime discussion:

Dieter: Isthere any structuralelation between MSH and BetaPH?
Rose: It'swell known that MSH has parts isommon with Beta
LPH. . .. [Rosewent on toexplain whichamino acids are the
same. Sudenly, heasked Dieter]: Would yothave expected
finding proteolytic enzymes in thesynaptosome?
Dieter: Oh yes.
Rose Well, has itbeenknown for along time?
Dieter: Well yes and no . .there is a paper bidarrisonshowing that
they do not obtain(VII, 41).

The exchange began with thkind of datement onewould expect
to find in atextbook (see Ch. 2). However, the assertioat some-
thing is well known wasregarded byparticipants asboth insuffi-
cient anduninteresting. Rosevanted to know howlong this had
beenwell known. Dieterthen referred t@a papercontaining relevant
published statements othe matter. Thus, attention wagjuickly
redirected from an item dtnowledgeitself to anassessment of its
nearness to the frontier and idace and time opublication. As a
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result, thepossibility of controversy("yes and no") wasraised.

Clearly, thesekinds of exchangeserve aninformation-spreading
function which enablesgroup members cotinuously to draw upon
eachother'sknowledge andexpertise to improveheir own. These

exchanges hel retrievethosepractices papers, and idedsom the

pastwhich have becomerelevant topresent concerns.

A secondkind of exchang@ccurred in theourse of someractical
activity, such as carrying out assay, whentterances such as the
following were common: "How many rats should | use for the
control?" "Where did yo putthesamples?™Give me thepipette,”
and"It is now ten minutes since thénjection." These are theerbal
components of dargely nonverbalbody ofexchangeduring which
reference is constantipade to theorrect way ofloingthings.These
exchanges take place betwdenhnicians, obetween researchers and
technicians (oibetween researchemcting astechnicians). In their
more elaborateforms, theseexchangesoncern theevaluation of the
reliability of a pecific method.When, for exampleHills came to the
laboratory totalk over apossiblecollaboration in theisolation of a
certain controversiasubstance, he had tmnvince researchers ofthe
reliability of thebioassay he hadeenusing. Hills presentedletails of
his method for anhour, during which time he was$requentlyinter-
rupted byquestions:

John: You saymethanol ... is thd pure methanol?

Hills: ... what Ithink is pure methanol, ton't botherfurther ... we
usethe dish by the seventh day thégok like normalcells. They
do not differentiate at all and we add a nemedium which
minimizesgrowth.

John: We tried that and it worksell.

Hills: That'sinteresting.

Wilson: Isthis theratio you get,John?

Hills: Then when I addNNNplus my substancethere is no response
atall.

John: Is this in thesamedish?

Hills:  We flip flop then and after that we wildbtain thesame response.

John: Hum.that's interesting (VI12).

Superficially, this kind ofdiscussion might behought to bepurely

technical. As can bshown for theabove casehowever, there are
always anumber of undercurrentshich constrainboth the form and
substance of thdiscussion. Foexample,John'sfinal expression of
interest belied hideeling thatHills's agument wasentirely uncon-
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vincing. Johrsubsequentlyeported that héelt unable tgrobe Hills'
argument tocseverelybecause hé&new that hisboss,Wilson, was
particularly eager tocollaboratewith Hills. According toJohn, his
guestions wereaimed merely at eliminating some fairlpbvious
objections toHills's method. Hills's resultsnight have arisen either
because the mieanol was impure, dbecause thenedium did not
minimize growth obecause he had used the salisé. John wanted to
avoid the possibility of the laboratory's chemists beimagked to
collaboratewith Hills in attempting tdsolate a substanaehich might
turn out to be an artefadn addition, the discussiaof Hills's method
proceededvith thetacit knowledge of all partiethat the substance he
had beenworking on was the focus af huge grant received by the
laboratory several years previously. Bdespite agrant ofseveral
million dollars, theirattempts to isolate thgubstance had so faeen
unsuccessfullndeed, accordingp John,there werealready adozen
published claims to hamade this islation, all of which had turned
out to be erroneous. Thapparentlytechnical disussion of Hills's
methodthus comprises cautious probing informed by John's evalua-
tion of future collaboration, by the desire tavoid working on an
artefactual substance and the group'scurrent investments.

Occasionally, athird kind of exchangetook place. This kind
appeared to focuprimarily ontheoretical matters. By this we mean
that there was no obviousference to thpast state dinowledge, to
the relative efficacy ofdifferent techniques, or tespecific scientists
andpapersThis kind ofexchangeoccurredprincipally between John
and Spencer:

John: Butwhat you call physiologically meaningfis much larger than
what istechnicallyfeasiblenow.

Spencer: Buthat's a healthwttitude: it's likedefining criteriafor neuro-
transmitters, idefinesfutureresearch: byhesestandards there
is no evidence for a physiologicable of TRF.

John: Let'srestate tkissue . . originally, | mean phylogenetically,
theneurotransmitters are first; theaeptorsncrease albver the
place; peptides ajast notthat evolvedthere are lesseceptors;
but I seeno difference wih neurotransmitterg X1V, 10).

Despite theapparentconcern withpurely theoreticalmatters, the
above kind ofliscussion iglosely related to othaéssues Firstly, the
above discussiostartedbecause of priodiscussion ofan abstract
which Spencer had to send off that same daythls abstractSpencer
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seemed tandicate that TRF was aartefact and of no physiological
significance.Secondly, the discussiomplicitly related taJohn's and
Spencer'ssoncernabout thefuture oftheir discipline and thelirection
that work intheir laboratory would take. Thehift in thedefinition of
peptidichormones wagmportant forthem: ifpeptidichormones were
defined asneurotransmittersather than aslassic releasindactors,
other methods would have to be usetthercollaborationentered into
andother researcprogrammes set uf his discussioroccurred at a
time when TRF hatteen found to havmore and moreffects similar
to neurotransmitters and was thus in thecess ofescaping the
boundary oftheliscipline. Atthesame timethe director of John's and
Spencer's laboratory had alreadhifted hisresearch topsycho-
behaviouralaspects okubstances. If onargues that we are inter-
preting atheoretical discussion by overemphasisingsiégial back-
ground andhat thisbackground hateen artificially constructed, we
cananswer thascientistsconstantly makdéhese kinds ointerpreta-
tion as part otheir evaluation ofesearch programmes.

A fourth kind of conversationalexchange featured discussion by
participantsabout otherresearchersSometimes this consisted of
reminiscencesbout who had done what in thast,usuallyafterlunch
or in the eveningwhen thepressure of work waselaxed® More
commonwerediscussions itwhich particularindividuals were eval-
uated. This was often the casewhen reference was made to the
argument of a paicular paper.Instead ohssessing statementtself,
participantstended totalk about itsauthor and toaccount for the
statementither in terms o@uthors'social strategy ottheir psycho-
logical make-up. Foexample,Smith andRickertwere discussing an
abstractwhich they had written. Infront of them wereRickert's
figures, which hadeen produced by young posdoctoralresearcher
working inRickert's laboratoryDiscussiorfocussed on the abilities of
this researcher.

Smith:  Are you confidenshewould beable to do five[more animals]?
Rickert: Herhonesty?
Smith: Not her honesty . . . were you confidemhen she did the
others .. .?
Rickert: Oh no, at thaktevel, she isvery reliable (IV, 12).

Eventually, Smith and Rickert decided not foroceedwith their
abstract becausthey had"more to losethan gain" by publishing
results inwhich they were notompletely confident. One of tHactors
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influencingthis decisionwas theirevaluation of the personality of the
youngresearcher. It is not cleanpwever, fromSmith'sfirst utterance
whether theeliability of thedata should bassessed iterms of some
personalityattribute ofthéndividualconcernedRickert's esponse to
Smith's firstutterance indicates his own confusion.

This kind of reference to théhuman agency involved in the
production ofstatements was very commadmdeed, it wa clear from
participants' discussions thahohadmade a claim was as important
astheclaim itself,(see Ch. 5) In aense, thesgéiscussiongonstituted
a complex w®ciology and psychology ofscience engaged in by
participants themselveshe following excerpts providefurther ex-
amples of the ways in whid participants' owrsociology ofscience is
used as aesource inmakingdecisions ancvaluatingstatements:

I am not particularly anxious to do grand study with herbecause she
is ... because of hesupercompetitiveness. We will Bast on her paper,
well twelfth out offifteen [laughter] (1V, 92).

This occurredduring part of a discussion between twarticipants
aboutwhether or notto carry out a particutperiment. Thelecision
to do the work clearlyinvolved anassessment of thieind of strategy
likely to be adopted by aollaborator:

They don't knowtheir business. It may be that they peegesteronevhich
hasbeen known fogears to be analgesic. . also,there is a flag in all that.
The English havediscoveredhat, they pusht. That's mrmal (VII, 42.).

In a similar way, theabovecriticism (of a statement made lspme
English researchersivolves commentsabouttheir handling of a
discovery.

Although itis possibletentatively to distinguish thabove four knds
of conversational exchange, it &so clearthat manydiscussions
comprised constant switches from osugbject to another. Faxample,
in the course adnediscussionwhich is toolong toreproduce intll), a
participant who hagust returnedirom aconference commented that
Green had'made an ass diimself." He immediatelylinked this
personal attack to the agnostimt®ement thatGreen isstill talking
aboutnew, more potent peptides." Thpeaker therswitched to a
discussion ofechniques irwhich herelated hismeeting with Green's
chemist:
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According to my fow hours in thelaboratory ... | was @t impressed . . .
judging by the published work it is even morembarrassing. . . . Xala
[Green'schemist] isGreen'sAchilles's heel (X, 1).

Thus, in the course of orghortdiscussiorreferences are made to
subjectmatter, topersonalities, to claimsade ata conference, to
techniques usedn anotherlaboratory, andto competitors'past
claims. After aslight pause, the samspeakeradded:

So far it is going to change veryrapidly, we are theonly ones to have
antibodies forthis substance ... weeemed to be the only ones doing
meaningfulwork (X, 10).

In this short addition, the speakelinks a material element of the

laboratory(antibodies) both to thagonistic field and tdis own work.
The sameexcerptfurther shows themultitude ofinterests which

enter intodiscussions, once the twadher participants began to talk:

A: We hawe an interesting thing for you ... we gavesingle dose of B;
killed the animals by microwave . . . @burse we have some controls
without ary injection

Hum,hum.

and we assaythem for Beta and Alpha.

The whole brain?

Yes, and our bigurprise was that two and a halburs later
[writing carefully] Two and ahalf hours. . . .

it wasstill 40% thevalue ofBeta ... thevalues are herfpointing out a
scribbledsheet of papér. . .

Now this is unbelievable!

Of course, theBetaassay is not perfect but we can trust. . . .

I think in this case themisreading oBeta cannot bémportant. . . .
No, no, | think

[looking at thesheet] Isthis point statisticallyifferent?

Ohyes, | have done it ... anyway itdéfferent from thecontrol. . . .
What isthe control?

The control is abrainextracted in thesame way . . . but we may say
something, in theontrol there is 25times moreBetathan Alpha.
That much isalready getting interesting.

The value is. ...

It's too late to send aabstract to thd=ederations?! (X20).

RO POPOEEPW >ID>EP>W

This exchangeook place as participantsere looking at aumber of
data sheetsExpressions such athis is unbelievable" and'big
surprise"stemmedfrom the expectatiothat thepeptide Betawould
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degradatejuickly and from theontraryindication ofthe data. B's use
of the word "interesting" towards the end of thextract can be
understoodhgainst a background obntroversy ovewhether either of
Beta orAlpha areartefacts. Each of Bguestions anticipated a basic
objection to theesults ofthe assay. Thability to answeor anticipate
these questiondependedntirely on thdocal setting. In other words,
it was possible that the assay waseliable; or thateadinggesulted
from the presence &fomeothersubstance. Partiet® the exchange
thus engaged inmanipulating theirfigures, considering possible
objections,assessintheir interpretation of statements, and kaaing
thereliability ofdifferent claims. All theime theywere ready taart to
apaper and to usds arguments in an effort not tiall prey to some
basic objection to their argument. Their logic was notthat of
intellectual deduction. Rather, it was theaft practice of yroup of
discussantattempting teeliminate as manglternatives as thegould
envisage. Byirtue ofthese microprocesséley attempted tdorce a
statement in on@articulardirection. In theabove case, the notion
thought toexplain the obtained results (tlse-calleduptake theory)
lasted onlythree daysSubsequently, theesultsmentioned by B were
explained ashaving arisenfrom an artefactual effect.
Thecomprehensivanalysis of alconversationsioted in the course
of ourenquiry would go fabeyond thescope of oupresentargument.
It is clear,however, thatonversationdbetweenpractisingscientists
provide apotentially fruitful source of datavhich has thus far been
largely neglected instudies ofscientific practice. Letus therefore
summarisesome of theopportunitieswhich this material affords.
Firstly, conversationahaterialexhibits quiteclearly how a myriad of
different types of interests angreoccupations aréntermeshed in
scientists' discussion@-ig. 4.1). Secondly, wehavepresented evi-
dence taindicate the extremdifficulty of identifying purely descrip-
tive, technical, or theoreticadiscussionsScientists constantly switch
betweeninterestswithin the same discussionFurthermore, their
discussions can only bexplained in thecontext of theinterests that
inform theirexchanges. Thirdly, we hawggestedhat themyster-
ious thought processemployed byscientists intheir setting is not
strikingly different fromthosetechniquesemployed tanuddle through
in daily life encounters. Ofourse, much moréetailedargument is
needed to sustain this poisatisfactorily. For nowye shall merely
suggest that th@ncounters we havdescribed can badequately
accounted fousing thenotion of factconstruction, anthat this makes
unnecessary the use af hoc epistemologicakxplanations.
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Figure 4.1

This diagram represents the diff erent preoccupat ions of the conver-
sationswe ob served in the laboratory. Any utterance can be situated at
the middle ofthe int ersecting lines and is susceptible to switch abruptly
to any set of preoccupations indicated h  ere. The main sets are the
already constructed f acts (stage 4 or 5), the individual makers of these
facts, the set of assertions in the process of fabrication (stages 1 to 3),
and, lastly, the body of practices and in  scription devices allowing
operations to be performed. Any utt erance is thus the integration of
these many evaluations. It is in this sense we can say that a scientific
assertion is socially constructed.
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The Sociological Analysis of "Thought Processes"

Unlike many of the written records of the laboratory, informal
discussions provide material which has neither been corrected nor
formalised. It is perhaps not surprising that such material provides a
wealth of evidence of the intrusion of social factors in the day-to-day
exchanges between scientists. But is it possible now to extend the
analysis to the realm of thought itself? We have tried to persuade the
reader to follow our move from macrosociological concerns to a study
of the laboratory and from there to the microsociological study of a
single fact. In the previous section we examined how fact construction
is affected by conversational exchanges. But the analysis of thought is
surely beyond the scope of sociological investigation! It could be
argued, for example, that the solitude of the individual scientist in
thought excludes the sociologist by definition. Social factors are self-
evidently absent from the activity of thought. In addition, it would be
argued, the sociological observer is prevented from demonstrating the
social character of thought because he is unable to present any written
record of thought processes.’

Although it might seem wiser to stop sociological enquiry at the
level of mute individual thought and to leave the ground to psychology
(Mitroff, 1974), psychoanalysis, or to scientists' reminiscences (Lacan,
1966), this would be inconsistent with our argument so far. If we
cannot account in sociological terms for scientists' thoughts the ad hoc
concepts of which we have tried to rid ourselves will merely take refuge
in the "intimate thought process." As a result, science will once again
appear extraordinary. Our position is not unlike the opponents of
vitalism in nineteenth-century biology. No matter what progress was
made by biologists to explain life in purely mechanistic and materialist
terms, some aspects always remained unexplained. There were always
some corners in which notions of "soul" or the "pure vital force" could
find refuge. Similarly, the notion that there is something special about
science, something peculiar or mysterious which materialist and
constructivist explanations can never grasp, is pushed further and
further. But this notion will remain as long as the idea lingers that there
is some peculiar thinking process in the scientist's mind. It is to
complete our argument and to hamstring efforts to rescue the exotic
view of science that we need tentatively to embark upon this new level
of microprocessing.

We have already said that a major obstacle to the study of thought
processes is the absence of written records. The situation is fortunately
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morecomplicatedhanthat, as can bgeen from théollowing account,
provided by amember of a nearbiaboratory:

Slovik proposed an assay but his assay did not vesrywhere;people
could notrepeatisomecould,somecould not. Then one day Slovik gdhe
idea that it could berelated to theseleniumcontent in the water: they
checked to seehere theassayworked; and indeed;lovik'sidea wagight,

it worked wherever theseleniumcontent of water was higfXll, 2).

Clearly, thisaccount isamenable to the kindf treatment found in
biblical exegesigBultmann,1921). It is ananecdote of théype "one
daysoand so had an idea," whicashistorians of science weknow,
is commonamong theecollections of scientistd.heobservation that
it is an anecdote has anportant consequence. Insteadnrvelling
at how Slovik could have such a goadea and how he could be so
damnedright, it is possible toformulate an alternativaccount using
sociological argumentsbased oninterview material. This kind of
account takeshe following form: Firstly, because of amnstitutional
(University of California) requirementthat graduate students were
obliged to obtain adits in a fieldtotally unrelated taheir own, one of
Slovik's youngstudents,Sara, hadakenseleniumstudies. She had
opted for thisbecause it had a vaguelation to her major option.
Secondly, there hadbeen astrong grouptradition thatinformal
seminars beheld where graduate studentwere asked to tallabout
unrelatedareas inwhich they hadbtained extra creditsThirdly, at
onemeeting Sara hagresented a paper aelenium dealing both with
tissues ofnterest toherfellow immunologists anavith moreunrelated
questions, such as thefluence of seleniumvater contenbn cancer.
Slovik was at thigneeting. A few yeargarlier he hagroposed a cell
culture assay,which nobodycould reproduce at first, buwhich was
subsequentlyfound to work in someplaces but notothers. The
dependence of thefficacy of theassay on geographic&cation was
baffling, mainly because of thgrevalentworking assumption that
scientific principlesheld universallytrue. Even Slovik's technician
found himself unable tomake theassay workoutside of his own
laboratory. It was notntil all the necessarynaterials ancquipment
were transported from Sloviklaboratorythat theassay wasound to
work. Buteven thissuccessfulattempt to reproducalentical condi-
tions outsideSlovik's laboratory did noteveal that the water was the
critical factor. Previously, attempts to repea$lovik's assays had
failed, apparentlybecause of thenature of thecells usedby other
investigators.
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Saramentioned at the end of heresentation thasomeone on
campus hadecently suggested that a tracmount ofselenium in
water can caussomeforms of cancerThe suggestion wathat there
was a coincidencebetween thegeographical digibution ofselenium
content inwater throughout théJ.S. and theoccurrence otertain
types of cancer. Sara sattdat no one had takethis suggestion
seriously. ButSlovik took up the notionthat the distribution of
seleniumcontent inwatercould explain theselective occurrence of a
particular phenomenon at certdatations® His assays onlyorked
"in someplaces." It washereforepossible that higlseleniumcontent
corresponded to locationshere theassay would not work. Slovik
made ahurried telephoneall to one of hicolleagues who had been
unsuccessful in making the assegrk: "Listen, I'vegat an idea.Sara
suggestedhat it might be theselenium in the water. Can yaheck
that?"

Although thissecond account is aauch aconstructedale as the
first, there aresomenotable differ@ces. Themaincharacter of théirst
is Slovik; the secondfeatures agraduatestudent, Slovik, and the
perpetrator ofhe suggestedink betweerseleniumcontent and cancer.
Thefirst account focusses omdden realisation; theecondortrays a
multiple progresion ofaccidentally redted events. Thdirst high-
light's anindividual'sidea, whereas theecondnentions institutional
requirementsgroup traditions, seminameetings,suggestions, dis-
cussions and so on. Moségnificantly, the firstaccount isncluded as
part of the second.

Slovik told his colleagues that he had gah idea. Clearly, the
attribution of credit for thedea depends to krge extent on which
particularversion istaken asauthoritative. Can the idea be trudgid
to have firstoccurred tcSlovik rather than t®Gara? Weshall return to a
discussion ofictors'appropriation ofdeas in thenext chapter. For
presenpurposes, it ismportant tonotethat having ardea (as in the
first account) represents aummary of acomplicated material
situation. Once theconnection betweeseleniumcontent and the
assaywasmade, all the attendasbcialcircumstances disappeared.
By transforming thesecondaccount into thdirst, the telletransforms
a localised, heteregoneous, amdaterial set ofcircumstances (in
which socialfactors areclearlyvisible) into thesudden occurrence of a
personal andabstract ideavhich bears no trace of itsocial con-
struction?
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This examplesuggestghat there may not banythought process
which should be studied bgociologists opsychologists. By this we
meanto suggesthatindividual'sideas andhoughtprocesseseasult
from aparticularform of presentation and simplication ofwehole set
of material andcollective circumstances. If thebserver takes such
anecdotes at facealue, it will be hard to demonstrate thsocial
character offact construction. If, however, he treats them as tales
which obeycertain laws ofheir "genre," it ispossible both to extend
the analysis offact construction and tainderstand how such stes
aboutideas andhought aregenerated?

The aboveexampleencourages us to tryociologically to under-
standwhat is all toofrequentlytransformedinto storiesaboutminds
havingideas. Ausefulmaxim isHeidegger'sbservatiorthat"Gedanke
ist Handwerk":thinking is craftwork. Anunusually eplicit example
of the importance afraftwork is relatedn Watson's(1968)account
of the famousDonohueepisode.Watson'sportrayal of his"pretty
model," inwhich bases arpairedalong a like-with-likestructure,
does notsituate himself in arealm of thought, but inside a real
Cambridge officemanipulatingphysically realcardboard models of
the bases. Hdoes noteporthaving haddeas, butnstead emphasises
that he shared an officeith JerryDonohue. When Donohue @ated
to Watson'schoice of the enol form fopicturing thebases, Watson
pointed toactualtextbooks ofchemistry.

My immediateretortthatseveral other texts also picturgdanine and
thymine in the enol form cut no ice widlerry.Happily, he lebutthat for

yearschemists hatheen arbitrarily favoringparticulartautomerieforms

overtheir alternatives omnly theflimsiest ofgrounds (Watson1968:

120)

Watsonchose tobelieve Donohuerather than thegeneral opinion
expressed in theextbooks for avariety ofreasons, not least wfhich
was his evaluation oDonohue's career up thatdate! As we shall
seein Chapter 5individuals'careersonstitute an imprtantresource
for evaluation of theiclaims. On théasis of hisevaluation Watson
cut out new cardboard models bases andaftermovingthemabout
his dek for awhile, he saw thaymmetry of thecardboardnodels of
the pairsthymine andguanine ancadenine and cytosine. Watson
had not written his book, nodoubt thecomplexity of this practice
would have been transformeejther into ananecdotethat"one day
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Watson got the idea of trying the keto form" or into a titanic
epistemological battle between rival theories.

A major difficulty for the observer is that he usually arrives on the
scene too late; he can only record the retrospective anecdotes of how
this or that scientist had an idea. This difficulty can be partially
overcome by in situ observation both of the construction of a new
statement and of the subsequent emergence of anecdotes about its
formation. Let us give an example.

In the laboratory, Spencer had been working on neurotensin,
substance P, and on analogs of these two peptides. He tried these
peptides in several behavioural assays but did not seem very happy
with the results. One outcome of this programme, however, was that
one analog of substance P, bombesin, seemed closely to match the
effects of neurotensin. This was despite the fact that bombesin was
totally unrelated to the structure of neurotensin. Some time later,
considerable excitement accompanied Spencer's production of a
diagram purporting to show the substantial effect of bombesin on the
temperature of rats exposed to cold. The unexpected size of this effect
attracted much comment in the laboratory. Although bombesin was
active in other assays in quantities of a few micrograms, no more than a
nanogram was needed to decrease temperature. Members of the
laboratory heralded this as a new finding. When asked why he had
tried bombesin in an assay which had never previously been used in the
laboratory, Spencer replied:

I have been sitting for a long time waiting for someone with a good CNS
assay. ... I tried a lot of things . . . you remember, I tried temperature, tail
vibration. I was never satisfied. . . . But temperature that's important. . . .
It's easily measureable and directly related to CNS effect . . . Then this
paper came by Bis. ... I really wanted a CNS assay (IX, 68).

The paper written by Bis described the effect of neurotensin on the
temperature of rats exposed to cold. On the basis of earlier trials,
Spencer knew that bombesin was functionally (but not structurally)
related to neurotensin. Consequently, it occurred to Spencer that it
might be worth trying out the possibility of a similar effect of bombesin
on temperature. Thus, his existing concern with bombesin and his
perception of an analogy between the effects of neurotensin and
bombesin together prompted him to try out a new effect.'” As it
happened, bombesin was shown to be 100,000 times more active than
neurotensin.



The Microprocessing of Facts 173

In the article subsequentlysent to Science, the link between
bombesin ancheutotensin was ntongeranalogical. Instead, it had
apparently been deduced from the importance of bombesin on the
central nervousystem. But, as we have se&move, this importance
wasthe consequence of thexperiment rather than igsrior justifica-
tion. Whenasked twamonths later how the link betwe®&ombesin and
body temperature hadeen made Spencerexplained that it was a
"logical idea ... it wasstraightforward, knowing themportance of
thermoregulation forfrogs" [from which bombesinwas originally
isolated].

The significance of this examplstems not sanuch from the fact
that Spencemodified hisaccount of thediscovery ovetime (Wool-
gar, 1976;Knorr, 1978), but from thenature of thismodification.
Initially, the link betweenbombesin andhermoregulation was weak.
The local circumstances of théaboratory made ibnly a smallstep
between oneentity and another. After avhile, however, thelink
becametransformed into atronglogical connection. At the same
time, thesteptaken bySpencer appears travebecome veryarge.

The pervasiveinfluence ofanalogicalreasoningwill be evident to
manyobservers ofcientific activity.Indeed, there exis@nextensive
literature on the nature a@halogy inscience(for example, Hese,
1966; Black, 1961; Mulkay, 1974; Edge, 1966; éatherdale,1974).
These authors have discussed theénds of hybridisation process
throughwhich newstatements aréormed and haveherebyhelped
expose themeticuloussorting of we& connections betweeexisting
ideaswhich constitutes thetherwisemysterious act of creation. It has
beenpointed outhat logicalconnections of théorm "A is B" areonly
one part of a mily of analogicalconnections, such as "A iske B,"
"A reminds me of B,"” and "A might be BSuchanalogical linkshave
provedparticularly fruitful in science even though they amgically
imprecise. Forexample, the syllogisnsorresponding to thsituation
describedabovewould take thefollowing form:

Bombesin sometimeacts likeneurotensin.
Neurotensindecreasesemperature.
Therefore bombesin decreasesnperature.

Clearly, this islogically incorrect.Nevertheless, it wasufficient to
prompt aninvestigatiorwhichyielded resultsubsequentlacclaimed
as an outstanding contribution® Once the new statement hageen
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accepted, the initial premises are modified (through representation in a
written or other retrospective account) to make the syllogism formally
correct (Bloor, 1976).

Our point is that the kind of work done by scientists and frequently
depicted as analogical reasoning is not reasoning. Spencer wanted to
carry out a successful assay, he had bombesin in the laboratory and he
wanted to make something out of it. He had accumulated data on the
similarity of bombesin and neurotensin, he read Bis's paper, and he
adopted the assay described by Bis. By reconstructing the material
setting, circumstances, and chance encounters, it becomes clear that
the decision to try out the effects of bombesin on temperature was a very
small step, and far from the audacious logical leap which it was later
depicted to be. Precisely because the local circumstances change very
quickly, all reference to them disappears once the step has been made.
Both participant and observer are soon left with a version of the event
which has been eroded of all contingent circumstances. Retrospec-
tively, the two entities (practices or statements) appear unrelated.
Consequently, any link between them will appear "Outstanding."

We have argued that accounts of the emergence of a new finding (or
statement of fact) entail a two-fold process of transformation. On the
one hand, the analogical path is often replaced by a logical connection.
On the other hand, the complex set of local circumstances which
temporarily makes possible a weak link gives way to flashes of
intuition. The notion of someone having had an idea provides a highly
condensed summary of a complex series of processes. It also forms the
basis for an account which begins to come to terms with the essential
contradiction between the use by scientists of procedures which are
logical (but sterile) and yet fruitful (but logically incorrect). Our
argument is not simply that thought processes are readily amenable to
sociological study; rather, an important focus of study should be the
aspects of scientists' accounting practices through which thought
processes are created and sustained.

Facts and Artefacts

The paradox associated with the term fact was spelled out in
Chapter 2: fact can have two contradictory meanings. On the one
hand, our quasi-anthropological perspective stresses its etymological
significance: a fact is derived from the root facere, factuni{to make or
to do). On the other hand, fact is taken to refer to some objectively
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independent entitywhich, byreason of its "out there-ness" cannot be
modified atwill and is notsusceptible to changender any circum-
stances. Theéension between thexistence of knowledge as pregiven
andits creation byactors has long beertlleme which hagreoccupied
philosophergBachelard,1953) and sociologists khowledge. Some
sociologistshave attempted aynthesis of the two perspectives (for
example,Berger andLuckman, 1971), buusually with somewhat
unsatisfactory resultsMore recently, sociologists of sciencéave
convincinglyargued the case for tts@cialfabrication ofscience (for
example Bloor, 1976;Collins, 1975;Knorr,1978). But despite these
arguments facts refuse to lbcome sociologisedThey seem able to
return to theirstate ofoeing"out there" andhus to pas beyond the
grasp olociologicalanalysis. In a&imilar way, our demonstration of
the microprocessing 6écts islikely to be asource obnly temporary
persuasion thafiacts are constructed. Readeespecially practising
scientists, arainlikely to adopt thisperspective fovery long before
returning to thenotion that factexist, and that it isheir existence that
requiresskillfull revelation In the last part ofthis chaptetherefore,
we discuss the source tifis resisance tosociologicalexplanation. It

is little use arguing thefeasibility of the strong programme of the
sociology of krowledge if we cannainderstand why iseemssystem-
atically absurd tanake such aargument. As Kant1950)advised, it

is not enoughmerely toshow thatsomething is anllusion. We also
need tounderstand why thdlusion is necessary.

In the case of TRF, we showed when avftere tle metamorphosis
between statement arfdct took place. By the end 01969, when
Guillemin andSchallyformulated the statemettfiat TRFis Pyro-Glu-
His-Pro-NH, no one was able to raise anyurther objections tothis
claim. Laboratories with nointerest in thenine-yearsaga of the
emergence of TRF pceededfrom this datement merely by citing
paperspublished at the end df969. For them thestatement was
sufficientbasis onwhich toplace an order for theynthetic material
which promised talecrease thaoise of the assays imhichthey were
engaged.From the point of view of the borrowers, théraces of
production of the established fact wewainteresting andrrelevant.
Five yeardater, even thenames of thédiscoverers" of TRF were of
no consequence (cfkig. 3.2).

We have beercareful topoint out that oudetermination ofth@oint
of stabilisation, when atatement ridétself of alldeterminants gilace
and time and of allreference to itsproducers and the production
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process, did nadepend on ouassumption that the "redRF" was
merelywaiting to be disovered andhat it finally became viible in
1969. TRFmight yetturn out to be arartefact. Forexample, no
arguments have yet bee@dvancedvhich areaccepted aproofthat
TRF is present in the bodgs Pyro-Glu-His-Pro in "physiologically
significant" amounts. Although it sccepted thatmtheticPyro-Glu-
His-Pro isactive in assayst has not yebeen possible tmeasure it in
the body. Thenegativefindings ofattempts toestablish theghysio-
logical significance of TRFhave thus farbeen attributed to the
insensitivity of the assayseing usedather than tahe possibility that
TRF is an artefact. Butsomefurtherslight change in context may yet
favour theselection of aralternativeinterpretation and the realisation
of this latter possibility. The point at which stabilisation occurs
depends orprevailing conditionswithin a particularcontext. It is
characteristic of theprocess offact constructionthat stabilisation
entails theescape of statementrom all reference to th@rocess of
construction.

Facts andartefacts do notorrespondespectively to true and false
statementsRather,statements li@long acontinuumaccording to the
extent towhich they refer tahe conditions dfheir construction. Up to
a certain point on thiscontinuum, theinclusion of reference to the
conditions of constructioms necessary for purposesf persuasion.
Beyond this point, the conditisrof construction are eitherrelevant
ortheir inclusion can be seen asattempt toundermine thestablished
fact-like status of thestatement. Our argument is rihat facts are not
real, northatthey are merelyartificial. Our argumentis notjustthat
facts are socially constructed. We also wish to show that the process
of construction involves the use of certain devices whereby all traces
ofproduction are made extremely difficult to detéatt us look more
closely atwhattakesplace at the point aftabilisation.

Fromtheir initial inception members of the labatory areunable to
determine whethestatements argue orfalse, objetive orsubjective,
highly likely or quite probableWhile theagonistic process is raging,
modalities are constantihdded, droppednverted, omodified.Once
the statemenbegins to sbilise, however, aimportant change takes
place.The statement becomes a split enfdptheonehand, itis a set
of wordswhich represents a statemealout an object. On the other
hand, itcorresponds to apbject initself whichtakes on a life of its
own. It is as if theoriginal datement hagrojected avirtual image of
itself which existsoutside the statement (Latout978). Previously,
scientists weralealing with statements. At thgoint of stabilisation,
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however, there appears to Ibeth objectsand statementsiboutthese
objects.Before long, more anthorereality is attributed to the object
andless and less to the statentaboutthe object.Consequently, an
inversiontake place: thebject becomes theason why the statement
was formulated in the firsiplace. At the onset dtabilisation, the
object was the virtuaimage of the statementsubsequently, the
statemenbecomes thenirror image of thereality "out there." Thus
thejustification for thestatement TRF is PgrGlu-His-Pro-NH is
simply that"TRF really is Pyro-Glu-His-Pro-NH." At the samdime,
the past becomemverted. TRF hadeen there alélong,just waiting
to be revealed for all tosee. Thehistory of its construction isalso
transformed fronthis new vantagpoint: theprocess ofonstruction is
turned into the pursuit of asingle pathwhich led inevitably to the
"actual" structure. Only through the skills andfforts of "great”
scientists could the setbacks of reérrings and blind alleys be
overcome andhe realstructure berevealed forwhat it was.

Oncesplitting and inversiorhave occurred, even theostcynical
observers andommittedrelativistswill havedifficulty in resisting the
impressiorthat the'real” TRF has beefound, and thathe statement
mirrors reality. The further temptation for the observer, onéaced
with one set obktatements and oneality to which thesetatements
correspond, is tanarvel at theperfect matctbetween thescientist's
statement and thexternal reality:> Sincewonder is themother of
philosophy, it is evepossible thathe observewill begin toinvent all
kinds of fantastisystems to account for thisiraculousadequat‘o rei
et intellectus.To counterthis possibility, we offer ouobservations of
the way this kind of illusion isconstructedwithin the laboratory. It is
small wonder that the statemeragpear to match externahtities so
exactly: they are theamething.

Our contention is that thestrength ofcorrespondence between
objects andstatementsabouttheseobjectsstems from the splitting
and inversion of a statement within the laboratory cont&tiis
contention can bsupported irthree ways Firstly, there aresevere
difficulties in adequately describing theature of the "outhere-ness"
in which objects are said to residmcause descrijgns ofscientific
reality frequently comprise areformulation or restatement of the
statementvhich purports to "beabout"this reality. Forexample, it is
saidthat TRF isPyro-Glu-His-Pro-NH. But the furtherdescription of
the nature of the TRFout there" hinges on the repetition of this
statement ando involvestautology.Lest thereaderthinks this is an
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unwarrantecaricature of theealist pogion, it is worth quoting from
anargumenfor a"realist theory of scienctln essencehe position
advocatedhere is that ntheory of science is possibMthout what are
referred to as "intransitivebjects ofscientific knowledge."

We can easily imagine avorld similar to ours, containing the same
intransitiveobjects ofscientific knowledge, but without argcience to
produce knowledge dhem. ... In such avorld, which hasoccurred
and may comagain,reality would be unspoken for and ytbings would
not cease to act andteract in all kinds of ways. Isuch aworld ... the
tides wouldstill turn andmetalsconductelectricity in the way that they
do,without a Newton or ®rude to produce olkmowledge ofthem. The
Widemann-Franz law wodlcontinue tohold although there would be
no-one toformulate,experimentallyestablish or deduce it. Twatoms
of hydrogenwould continue tacombine withone atom of oxygen and in
favourablecircumstance®smosiswould continue taoccur (Bhaskar,
1975:10).

The authoraddsthat these intransitivebjects aréquiteindependent
ofus" (p. 21). Hehencontinues with a&trikingconfession: "They are
notunknowablebecause, asraatter of fact, quite a bit is knovabout
them" (p. 22). Quitea bit indeed! Themarvel of the author for the
independence of realitjelies itsinitial construction.Moreover, the
ontological statusccordedheseindependenbbjects isenhanced by
the vague terms inwhich they are described. Fogxample, the
statementhat "metals condudlectricity in the way they do" implies
acomplexitybeyond thescope opresentdiscussion andyy implica-
tion, available only toconcertedefforts toward thepursuit and
revelation of the reality whiclgives rise tothe descriptionprovided
here!® The author can only recall thesality of the Widemann-Franz
laws through the use of eponymy. In addition, wisely confines his
discussion to physics, and poe-Newtonian phyiss at that.Perhaps
the "independence” fdintransitive objects ofscientific knowledge"
would seemless unproblematic in elation to more recently con-
structedphenomena, such as omosomes onon-Newtoniamphys-
ics. The realist position, exemplified by the laove, centres on a
tautologicalbelief whereby the nature of independehbjects can only
bedescribed in the termshich constitute them. Oureference is for
the observation of thgrocesses ofplitting and inversion oftate-
ments which makehese king of beliefs possible.
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Scientiststhemselvesonstantly raisejuestions as to whether a
particularstatement'actually” relates to somethingput there," or
whether it is amere figment ofhe imagination, or a@rtefact of the
procedures employed. It thereforeunrealistic to portraygcientists
busily occupying themselves withcientific activity while leaving
debates betwearalism and relativism to thghilosophersDepending
onthe argument, thiaboratory, the timefyear, and th currency of
controversy,investigatorswill variously take thestand ofrealist,
relativist, idealist, transcendental elvist, sceptic, and so on. In
other words, the debate about the paradox of the facbtisthe
exclusiveprivilege of thesociologist orphilosopher. lItfollows that
attempts to resolve ¢fessential differenceasetween thespositions is
merely toengage in the same kind of debates as the subjects of study,
rather than to understand howbates get resold@nd positionsaken
aspractical andemporaryachievements. As Mar§l970) put it:

[T]he question oknowing ifhumanthought isable to reach aobjective
truth is notatheoretical but gracticalquestion. It is by practicthat
manought to prove théruth, that is, thereality and thepower of the
somethingbeyondhis thought.

An important task for theociologist is to showhat the construction of
reality should not be itselfreifiedlhis can be shown byconsidering all
stages of the process dality construction and by resisting the
temptation toprovide a genera¢xplanation fothe phenomenon.
Perhaps the most forcefulgument forthe occurrence of splitting
andinversion is theexistence ofrtefacts. A modification in thiocal
context of thelaboratory mayesult in the use of modalitywhereby
an acceptedstatementbecomesqualified or doubted. Thisyields
perhaps themostfascinatingobservation to be made in thebtaa-
toyNihe  deconstructiorofreality. The reality'outthere" onceagain
meltsback into astatement, theonditions of production afthich are
again madexplicit. We hae already given aumber ofexamples of
this deconstructiomprocess (see faxample p.129ff). Theexistence of
a moiety for TRF was taken as fact for a few years and avamst
regarded aseality before it faded away and wésund to be an artefact
of the purification process. Sometimes the status sthtements
changed from day to day, evémom one houto the next. Tte factual
status of one substandey instance, variedramatically over geriod
of afew days:’ OnTuesday, @eak waghought to be theign of a real
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substance. But on Wednesday peak wagegarded asesultingfrom
anunreliablephysiograph. Omhursday, the use of anothgwol of
extracts gave risto another peakvhich wastaken to be "thesame."
At this point, the existence of a neabjectwas slowly sddifying,
only to be dissolved again the followidgy. At thefrontier ofscience,
statements areonstantly manifsting adouble potentialithey are
either accounted for in teswf local causes (tjectivity orartefact)
or arereferred to as a thing "oubhere" (objectivity and fact).

While one set ohgonisticforces pushestatement towadfact-like
status, another sqiushes ittoward artefact-like status. This is
exemplified by the kind of exchangguoted at thebeginning of the
chapter. Thdocal gatus of astatement aary time depends on the
resultant otheseforces(Fig.4.2). Theconstruction andliismantling
of the samestatement can bmonitored by diretobservationsothat
what was a "thing ouhere" can beeen to fold back into gatement
which is referred to as dmere string of words," a "fiction," or an
"artefact"(Latour, 1978). Theimportance obbserving the transfor-
mation of astatementbetween fact-like andrtefact-like status is
obvious: ifthe "trutheffect” of science can be showoth to fold and
unfold, it becomes much more difult to argue that thaifference
between dact and and artefact is that thermer isbased orreality
while the lattermerely arises fromlocal circumstances angsycho-
logical conditions. Thedistinction betweeneality andlocal circum-
stancesxists only aftethe statement has stabilised as a fact.

To summarize theargument inanotherway, "reality” cannot be
used toexplain why a statement becomefaet, since it is onhafter it
has become a fact that teéect of realityis obtained.This is thecase
whether the reality effect is castti@rms of "objectivity"or "out there-
ness." It ibecausehe controveng settlesthat a statemersiplits into
anentity and a stateméabout anentity; such asplit nevemprecedes
the resolution ofcontroversy. Of course, this will appetrvial to a
scientistworking on a controversial statement. After all,does not
wait in hope that TRF will pop up atraeeting andinally settle the
controversy as tawvhich amino acids it comprises. Inthis work,
therefore, we use the argumeasta methodologicabrecaution.Like
scientiststhemselves we do nosethe notion ofreality toaccount for
the stabilisation ofa statement(see Ch. 3)because thigeality is
formedas a consequence of thistabilisation'®

We do notwish to saythatfacts do noexist nor that there is reuch
thing asreality. Inthis simplesense ouposition is notelativist. Our
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If it is assumed that the name of the scientific game is to push a
statement (A.B) as far as possible toward fact-like status (stages 4 and

5), then, depending on the resistance encountered (in the form of
efforts to transform the statement into an artefact), a scientist has to
modify his stat ement until he can push it to stage 5. The hypothetical
example here illustrates the double movement of push and jump. If
resistance is too severe, a new statement is forged by an analogical
jump and pushe d again into the agonistic field. The resultant of this
double mo vement is a drift which follows a pattern pec uliar to each
statement.
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point is that "out-there-ness" is tl®nsequencef scientific work
rather than itxause.We therefore wish tetress themportance of
timing. By considering TRF idanuaryl968, itwould be easy tshow
that TRF is a contingendocial construction, and moreover, that
scientiststhemselves are relativists in that they are very aware of the
possibility oftheir constructing a reality whiatould be arartefact. On
the otherhand, analysis in January 197AQ@ould reveal TRF as an
object ofnaturewhich hadbeen discovered bgcientistswho, in the
meantime, hadmetamorphosed intdvardenedrealists. Once the
controversy has settledeality is taken to be thecause of this
settlement; butvhile controversy isstill raging, reality is the conse-
guence of debatépllowing eachtwist and turn irthe controversy as if
it were the shadow ofcgentific endeavout?

It could beobjected thathere are othegrounds foraccepting the
reality of a factapart from thecessation ofontroversy. Foexample,
it could be arguethat the efficacy of scientific statemenoutside the
laboratory issufficient basis foraccepting itscorrespondence with
reality®® A fact is a fact, one coulday, because iworks when you
apply itoutsidescience.This objection can banswered in the same
way as the objection about thequivalence of a statemewith the
thing out there:observation of laboratoractivity showsthat the
"outside"character of a fads itself theconsequencefthe laboratory
work. In noinstance did webserve théndependenverification of a
statement produced in thiaboratory. Instead, weobserved the
extensionof same laboratory practices to othearenas of social
reality, such aospitals andndustry.

This observationwould be of little weightif the laboratory was
concernedexclusively with so-calledbasic science. However, our
laboratory hadmany connections withclinicians and withindustry
through patent$' Let us consider on@articular statementsomato-
statin blocks theelease of growtthormones asneasured byadio-
immunoassay.” If we #&swhetherthis statementworks outside
science, thanswer is that the statement holds in every phaoere the
radioimmunoassay h&menreliably?” set up. This does nanply that
the statemenholdstrue everywheregven where the radioimmuno-
assay hasiotbeen set up. If one takesbbod sample of a hospital
patient inorder todeterminewhether or nosomatostatin lowers the
level of thepatient'gyrowth hormonethere is no way answeringhis
questiorwithoutaccess to eadioimmunoassay f@omatostatin. One
can believe that somatostatin haghis effect and even claim by
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induction that the statement holds true absolutely, but this amounts to
a belief and a claim, rather than to a proof.* Proof of the statement
necessitates the extension of the network in which the radioimmuno-
assay is valid, to make part of the hospital ward into a laboratory annex
in order to set up the same assay. It is impossible to prove that a given
statement is verified outside the laboratory since the very existence of
the statement depends on the context of the laboratory. We are not
arguing that somatostatin does not exist, nor that it does not work, but
that it cannot jump out of the very network of social practice which
makes possible its existence.

There is nothing especially mysterious about the paradoxical nature
of facts. Facts are constructed in such a way that, once the controversy
settles, they are taken for granted. The origin of the paradox is in the
lack of observation of scientific practices; when an observer considers
that the structure of TRF is Pyro-Glu-His-Pro-NH, and then realises
that the 'real' TRF is also Pyro-Glu-His-Pro-NH,, he marvels at this
magnificent example of correspondence between man's mind and
nature. But closer inspection of the processes of production reveals
this correspondence to be much more earthy and less mysterious: the
thing and the statement correspond for the simple reason that they
come from the same source. Their separation is only the final stagein
the process of their construction. Similarly, many scientists and non-
scientists alike, marvel at the efficacy of a scientific fact outside
science. How extraordinary that a peptidic structure discovered in
California works in the smallest hospital in Saudia Arabia! For one
thing, it only works in well-equipped clinical laboratories. Considering
that the same set of operations produces the same answers, there is
little to marvel at (Spinoza, 1677): ifyou carry out the same assay you
will produce the same object.*

By this introduction to the microprocessess of the fact production,
we have tried to show that a close inspection of laboratory life provides
a useful means of tackling problems usually taken up by epistemolo-
gists; that the analysis of these microprocesses does not in any way
require the a priori acceptance of any special character of scientific
activity; and finally that it is important to eschew arguments about the
external reality and outside efficacy of scientific products to account
for the stabilisation of facts, because such reality and efficacy are the
consequence rather than the cause of scientific activity.
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NOTES

1. In this chapter we use only a small fraction of timaterial bearingupon
microprocesses. Ouintention is merely tgprovide anoverview of the work of the
laboratory. To do this whave had somewhat gimplify the analysis otonversations
andaccounts A full analysis particularlyonethataspiredto therigour of "conversa-
tional analysis'(for example,Sacks, 1972; Sacks et all974), would demanchuch
more detailedtreatment thamgiven here.

2. The problem ofindexicality in science haslreadyenjoyedlimited attention.
Barnes and Lay1976), for example, havarguedhatnone ofthe expressions used by
scientists can escapedexicality. Theimplication is thatscientific exprasions are no
better able tosield a determinacyf meaningthan any employed in "nonscientific"
or common sensecontexts. Garfinkel's (1967) discussion canalso be read as
supporting this conclusion. Inrelatedmanner, anumber of ontinentalsemioticians
have recentlypegun toextend theools ofliterary analysis to thestudy of rhetoric in a
wide number ofareas: poetryadvertisementdawyers'pleas, andcience(Greimas,
1976; Bastide,forthcoming; Latour andFabbri, 1977). Forsemioticiansscience is a
form of fiction or discourselike any other(Foucault, 1966), oneeffect ofwhich is the
"truth effect," which (ike all otherliterary effects)arisesfrom textualcharacteristics,
such as théense ofrerbs, the structure ehunciation modalities, and so orDespite
theenormoudifferencebetween Anglo-Saxostudies ofthe ways inkich indexicality
is repaired andontinentalsemiotics, theyhold incommon the positiothat scientific
discourse has nerivileged status.Science ischaracterisecheither by anability to
escapeindexicality, nor by arabsence ofhetorical or pesuasive devices.

3. Thisphenomenon wagbservednany times in the study. dloes noimply that
papers areprejudiced orthat thereis widespreadtamperingwith data. Rather it
demonstrates, as waaggested irfChapter 2, thapapers are operations irfiald which
are loaded so as tmake the operationsmore dfective. Therelationbetweendata and
points is analogous to threlation betweemmmunition andargets. This isvhy there is
no reason whypapersshould be an accurateflection ofthe researchactivity of the
laboratory(Medawar, 1964; Knorr, forthcoming).

4. To see others'comments as dangeroobjectionsdepends, inurn, onSmith's
career decisions. If he lestience (and went intieaching) hissensitivity toobjections
might be modified. Bycontrast, welsowed in Chapter 3 howabjectionscould be taken
asvery seriouseven thoughthey turned out tohawve no significance.

5 Sud technical discussions are nointrinsically differentfrom others; they
correspond to acertain stage andpressureswithin the agonistic field. Wilson's
transition from question®f theory ("how would you explain thismechanism?") to
questions of genat technique ("onwhich assay do you tryhat?") depended on his
confidence in hizolleagues. When hisonfidence waseally low, he would ask more
specific questiong"show me your book"), and if it did not geell at all, Wilson on
someoccasions probed the userefativelymenial pocedureg"which sample did you
use,where did you take theowder? How did yomumber theracks?") His confidence
and vestedinterests werecrucial to the kind ofjuestions inwhich heengaged.

6. In most of the disussions of theast, issues dhe correctallocation ofcredit
were themain focus. See Chapter 5.

7. One main advantage obur anthropologicalperspective is itsaliance on a
wealth of writtendocumentspapers protocol booksarticles injournals,letters, and
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even the transcripts of conversations. As long as such written documents are available,
the tools of semiotics, exegesis, and ethnomethodology can be applied. At first sight,
however, "thought processes" do not lend themselves to this kind of treatment.

8. This operation matches Hesse's (1966) definition of analogical process. In
terms of a sorting process, the special interest of X for cancer is sorted out, the notion of
a superimposition between selenium content in water and something which
varies is sorted in and imported into Slovik's specific problem. The analogical
resemblance which explains the proximity and the subsequent step, is the phenomenon
which varies from one region to the other. Our interest is not the analogical reasoning
per se but the absence of such reasoning (analogical or otherwise).

9. The notion of ideas as a summarised account which enhances belief in the
existence of a thinking self, owes much to Nietzsche's (1974a; 1974b) treatment of
scientific truth.

10. The simple transformation of statements about things, into stories specific to a
particular genre, is the basis of the FormgeschichtgBultmann, 1921). Although
obvious when dealing with biblical exegesis,this transformation has not enjoyed much
attention in the study of science.

11. Crick and Watson (1977) have since explained how Watson's confidence in
Donohue became strong enough to overcome his belief in the authoritative chemistry
textbook. The participants recalled that the fact that Donohue was the only person
(apart from Pauling) who could be believed was crucial.

12. Once again, this example matches Hesse's (1966) scheme. Bis's work on
neurotensin is sorted out, the principle of a temperature assay is borrowed and imported
into the bombesin area. The link which makes the connection possible is the similarity
between bombesin and neurotensin. However, the crossing or hybridisation concerns
physical events rather than notions or concepts: an assay is crossed with a substance.

13. The expression is taken from the referee's report: "The findings per seare an
expansion of the orginal work of B and his co-workers on neurotensin, but the marked
potency of bombesin ... on temperature is an outstandingcontribution." The terms
extension and outstanding indicate the referee's grasp of the analogical process. The
first published paper retains some traces of the analogical path: "Because of the
similarities of the biological activities of these peptides and their distribution in the
CNS, we have tested several naturally occurring peptides." The subsequent paper
starts from a new role of these peptides in the central nervous system.

14. Of course, the adoption of this perspective was a practical necessity. The
participants were themselves very much aware that they were engaged in construction.

15. This has been the stock in trade of philosophers since Hume's radical treatment
of the problem.

16. When asked to describe the object of a statement which has been "discovered,"
scientists invariably repeated the statement. By repeating the same statement in less
detail, however, it is possible to convey the impression that there is moreto reality than
is being said. The incompleteness of this description is taken as an indication that the
object is not entirely exhausted by knowledge of it (See Sartre, 1943).

17. The history of the construction of this substance will be related in detail
elsewhere. By contrast with the case of TRF, the observer was present from initial
attempts to construct this substance up until its final solidification and use in industrial
processes.

18. The question now raised is what kind of explanation is applicable to the
settlement of controversy, given that its truth statement cannot be used. Although we
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indicatesome oftheanswers in thease of TRF, and go on ¢atline ageneralmodel of
explanation in Chapter 6, our main intentibere is to exicate the questiofrom the
remnants othe realist position.

19. Ouruse of theterm shadow contrastwith Plato'soriginal use of théerm. For
us, reality (ideas irPlato'sterms) is theshadow ofscientific practice.

20. Frequently, inhistories ofepistemology (for eample,Bachelard, 1934) the
argument of efficacy is usedhen theargument otruth becomesuntenable;conven-
tionalists takeover (Poincare,1905)whenrealists are defeated (awnite versa). The
argument thatt works is not more nor lesnysteriousthan theargument that ifits
reality

21. Many of thesubstancegandtheiranalogues) mentioned aarlierchapters are
patented.Substances "diovered" in thelaboratory are described in thexts of
patents aviavingbeen Tnvented."This showshat theontologicalstatus of statements
is rarely likely to be finally settled:depending on therevailinginterests of the parties
concerned, thésame"substance can bgiven a new status.

22. The notion ofreliability is itself subject to negotiatiofCollins, 1974; Bloor,
1976). When, for example, sevdréaboratories failed to confirm the resufisoduced
by members of outaboratory, thdatter simplyrecastthesefailures asevidence of the
others' imcompetenc@/Il, 12).

23. We do not wish to argue another version of thenduction problem in
philosophicalterms; wesimply want to put th@roblem on arempirical footing so as to
make it amenable tstudy bysociologists okcience. On armpirical basis,neither
TRF nor somatostatinescape thematerial and scial networks inwhich they are
continually constructed and deconstructed. For a discussion of the casenaftatin,
seeBrazeau andsuillemin (1974).

24. Thiswondermentiparticularlymarked in mattevof scienceNobodywonders
that the firststeamenginefrom Newcastle has noweveloped into avorldwiderailway
network. Similarly, nobodytakesthis extensionasthe proof that asteamengine can
circulate eva wherethere are naoails! By the same token, it has to tmemberedhat
the extension of ametwork isan expensiveoperation, and that steaemgines circulate
only on the lines upowhich it hasmade been made to circulate. Evendaluservers of
sciencefrequently marvel at théverification" of a factwithin anetwork inwhich it was
constructed. At thesame timethey happily forget the cost of theextension of the
network. The only exianation forthis doublestandard is that a fact is supposed to be an
idea. Unfortunately,empirical observation ofaboratoriesmake thisidealisation of
facts impossible.



Chapter 5

CYCLES OF CREDIT

Each of the preceding chapters hasrtrayed laboratoryife from a
somewhatdifferent perspective. The anthropologicapproach of
Chapter 2demonstrated thémportance ofiterary inscription in the
laboratory; thehistoricaltreatment in Chapter 3howed the depen-
dence of facts ontheir construction within aparticular material
context; and @apter 4encroached on the grourdd epistemology in
order todemonstrate theicroprocesses at work in tle@nstitution of
phenomena suchs "havingideas""usinglogical arguments," and
constructing'proofs." Oneadvantage of this style of presentation is
that, for the mospart, wehave been able to caicrossmany of the
distinctions with which thestudy of science i®ften associated. For
example, in Chapter 3 wwere able to analysacientific activity
without commitmento eitherside of thedistinction betweenfact and
artefact. Similarly, in the lastchapter, we attempted ®xamine the
operation ofmicroprocessesvithout committing ourselves to either a
realist orrelativist position. Themain reason for our nowanting to
ally ourselveswith one or theotherside ofthesedistinctions isthat we
found that thesdistinctionsprovided aresource foparticipants in the
laboratory. Itseemsinappropriate to ussuchdistinctions inorder to
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understandaboratoryactivity when theywerethemselvedound to be
constitutedthroughthis activity.

Oneparticulardistinction hagemainedunexplicated in oudiscus-
sion sofar, although it hadeenhinted at durig various stages of the
argument. Werefer to thedistinction between theroduction of facts
and the individuals involved in this production. Of course, we have
already referred to the workforce responsible for the activation of
inscriptiondevices(Ch. 2), the makers ofdecisions andnvestments
(Ch. 3) and the prponents ofdeas andarguments (Ch4). Neverthe-
less, wehave as yetsaid little about scientists asndividuals. In
particular, wehave avoided taking the individual scientist as the
startingpoint or mainunit ofanalysis in oudiscussionThis may seem
odd in an essayavowedly concared with thesocial construction of
facts. Yet it fits well with our observations of laboratory life: the
overall impressionwhich emerges fronthe field notes isthat before
being anindividual or amind, each of ouinformants was part of a
laboratory.Consequently, it was theork sequencespetworks, and
techniques cargument whictsuggestedhemselves amore appropri-
ateunits ofanalysisthan individuals. Inaddition, wenoticed that the
distinctionbetween theéndividual and thevork done by himprovided
an importantresource in theconstruction offacts. Ourinformants
were constantly engaged in debatesoncerning the place of the
individual and his or heassociation with workvhich hadbeen done.
As we notedearlier(Ch. 1), the invocation of theresence dfiuman
agency can provide aowerful means ofundercuttingclaims to
facticity. Onseveraloccasions,jnformants eportedthat it wasthey
who had had a certaiiea;subsequentlyhowever, other members of
the laboratory reported thesame idea to have reked from "the
group'sthinkingprocess."” The observation that tthistinctionbetween
individuals andheiractivity acted as aesource foparticipants was a
further reason for ourunwillingness to take the individual as the
startingpoint for analysis.

In this chapter wexamine theurrency othis distinction andook
attheway it was persuasivelyemployed in the laboratory. Many ofthe
scientists we observed haduccessfully used thelistinction to
construct anindividual's career forthemselves, a careavhich was
quite clearly separated from thenaterial andeconomicaspects of
laboratoryactivity. Lesssuccessful participantsuch as some of the
technicians,found themselves withcareerswhich were inextricably
bound upwith the materialelements of thelaboratory. We shall
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attempt to account for the constructionimflividual careerswithout
separating theesultingindividual from theactivity offact construction
in the course ofvhich he iscreated. To do this, we use the notion of
credit to linktogetheraspects ofaboratoryactivity which areusually
discussedinder the rubrics afociology,economics, and epistemology.
In the first part ofthe chapter,we arguethat anextendednotion of
credit canlink together thesepparentlydisparateaspects of labor-
atoryactivity; in thesecond part of thehapter, weapply this notion of
credit to thecareers androupstructure of ouparticuladaboratory?

Credit: Reward and Credibility

WHAT MOTIVATES SCIENTISTS?

What drivesscientists to deup inscriptiondevices,write papers,
constructobjects, andoccupy differentpositions? What makes a
scientist migratefrom one subject to another, fro one laboratory to
another, tachoose this or thahethod,this or thatpiece of data, this or
that stylisticform, this orthat analogicalpath? One way t@answer
thesequestions is to postulateorms impressed upon th&cientist
during histraining andsilently enforcedduring his subsequertareer.
As has been notealsewhere, howeverattempts toderive the
existence of norms from thieind of materialavailable to us arerone
to majordifficulties (Mulkay, 1975). Inparticular, wewereunable to
identify explicit appeal to the norms dcience,except invery few
instances. Some ofthese morenearly constituted anappeal to
counternorms (Mitroff, ©74): "everyone pushesnes' ownstuff, it's
normalNNormal?NI meanhuman" (1V, 57).0Otherremarksseemed
designedsolely togive agood impression. Foexample,when asking
his technician to set up amstrument for the nexbioassay,Nathan
said: "If we don't dothat double check, people couldargue that the
numbers in oupaper are due to. ... " Whdaterasked why he had
usedthis instrument Nathanreplied: "Inscience, yowshouldalways
be overcautious'(X,2). The justification interms of possible debate
andcriticism wasthus recast for théenefit of theoutside observer in
terms of norms. Qfourse, it could bsaid on the basis of&than's last
statement thahorms arepresent butnvisible, but even if wgrant this
kind of inferential leap, normscould not explain the choices of
laboratory, subject area, or aitem of data. Atbest, norms simply
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delineate large-scale trends in behaviour; at worst, they simply refer to
themes of ideological discourse (Mulkay, 1975). In either case, the
explanatory power of norms falls well short of our objective of
understanding both science and the scientists who make it.

An alternative approach to the explanation of scientist's behaviour
pays more careful attention to the terms in which they themselves
explain their behaviour. While appeals to norms were extremely rare
among our respondents, the description of activity in quasi-economic
terms was pervasive, especially among younger scientists.” Consider
the following examples:

This instrument can bring me ten papers a year (II, 95).

We had a sort of joint account with him; he got the credit, we got it too; now
we cannot draw on it anymore (VI, 12).

Why working on this (substance), we are not the best in this area; we
invested a lot in the releasing factor field ... we are the best in it, we'd
better stay in it (VII, 183).

Here, then, are typical instances of the use of notions of investment
and return. Such usage was not limited to occasional utterances;
sometimes it was sustained throughout long and more sophisticated
explanations of career patterns. In one exchange, for example, A
volunteered an overall picture of why people do science. His explana-
tion was a complex mixture of liberal political economics, social
darwinism, cybernetics,and endocrinology:

[A]ll depends on feedback, what is your threshold of satisfaction, what is
the quality, and the frequency of the feedback you need ... it is difficult to
handle all the variables. I was a physician ... I wanted a place where you
are paid more than $20,000 a year . . . this was obligatory medicine . . . but
I wanted positive feedback proving my smartness . . . patients are not so
good for that ... I want a very rare commodity: recognition from peers . . .
I moved to science . . . O.K., but I am a high achiever ... I do not need
frequent feedback like Bradt so I can choose subjects which are not too
rewarding at the beginning (VI, 52).

Most widely shared were the evaluations by a new investigator of
opportunity in his field. On five occasions during interviews, respon-
dents sketched a curve representing the growth of their discipline and
explained why they entered it or left depending on fluctuations in the
curve. For example:
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[T]his is peptide chemistry, see . . . it's tapering off. ... I knew Brunick's
laboratory works only on that, so I didn't go there, but now . . . [draws
another ascending curve] this is the future, molecular biology, and I knew
that this lab. would move faster to this new area (XIII, 30).

Whether or not these statements correspond more to respondent's real
motives than to a set of convenient justifications, we are unable to
resolve. However, we take as significant respondents' constant refer-
ence to investment, rewarding studies and exciting opportunities.
Frequently, they related their efforts to what they called market
fluctuations and drew lines to show how these fluctuations explained
their behaviour. The complexity of these self-representations through
economic or business metaphors contrasts sharply with the simplicity
of norms. This complexity is exemplified by T's explanation for his
wish to leave science and go into teaching:

Science has been for me largely dissatisfying by comparison with the
investment I put in it ... I can anticipate that it will be like that later ... I
really worked harder than I thought justified for the amount of positive
feedback that I got. . . .

Q: What do you mean by that?

T: By positive feedback I mean the satisfaction of having a problem solved
and the gratification obtained in communicating it to others (VI, 71).

T went on to explain that he regretted leaving science, but that it was a
case of all or nothing especially because his work was "not cheap
research. ... I'd need $100,000 at least, to equip a laboratory." On
the other hand, he thought it possible that the state to which he was
moving might become rich enough to be able to fund him. He added:

[M]y ability to find a job in research again will be increased in one year
when the papers we are writing now will be published . . . but if I wait one
more year after teaching, I will be definitely screwed up (VI, 73).

T's calculation thus involved consideration of available funds, the
extent of positive feedback, the general funding policy of a particular
state, and the publication and reception of his papers. Since all these
factors were reckoned to vary with time, T's major concern was to
determine when best to capitalise on the opportunities available.
Of course, the frequent use by informants of economic analogies
does not mean that economic models are necessarily the best explana-
tion of their behaviour. It does suggest, however, that explanations
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exclusively interms ofsocialnorms are inadequat®lore significantly,
it is clear from theexamplesabove thatcientiststalked about data,
policy and their caresralmost in thesamebreath. Theyhusappeared
to be working with amodel oftheir ownbehaviour whichmade no
distinction betweeninternal and externaflactors.

LIMITATIONS OF THE NOTION OF CREDIT AS REWARD

A possibleinterpretation ofth@boveexamples is thadcientists are
usingeconomicmetaphors to tallabout credit. Itmight be said, for
example that assessents of opportunity andeturnfrom investment
are metaphoricalreformulations of theprocessesvherebycredit is
allocated. It istrue that a goodleal of laboratoryconversations
included mention of thaerm cedit. The observers' notebookseveal
the almostdaily reference tdhe distribution ofcredit. Furthermore,
theterm credit was useelxplicitly by informants in inerview. Overall,
credit was used in fouways. Firstly, itwas a commodityhich could
beexchanged. Foexample, the end ofletter ofthanks for the loan of
some $ides included thefollowing:

Thank you again for giving me the opportunity to use them iduture
lectures. Pleaseestassured that Will, of course,credit you for them.

Secondly, creditould beshared:

[H]e shared most dhe creditwith me, which was verygenerous ohim,
because | was goung puppy at theéime.

Thirdly, it could be stolen:

He saysmylaboratory, but it is not his, it's ourésxd we are going to do all
the work, but he will get all the credit.

Fourthly, itcould beeither accumulated owasted. Thesdalifferent
usagesndicate that credit has alhe character of a cvency. As we
shall show, however, overreliance on explanations dfientists'
behaviour in terms of theguest for thiscurrency, enta misleading
oversimplification.

The prevalence of references tredit made ussuspicious. An
outsider, especially onebearing thelabel of sociologist, might well
expectto be féstories aboutreditbecause this i;egarded asuitable



Cycles of Credit 193

material forexponents of what i®ften perceived asan essentially
muckrakingendeavour.Since respondents atmable, ateastinitially,
to discuss the detaileftheir scientificwork with outsiders, theyend
to respond interms oftopics which theyfeel areappropriate, that is,
gossip,scandal, and rumourConsequently, we wouléxpectrefer-
ence to credit to be mofeequent inexchanges witloutsideobservers
than with other participants. In ourlaboratory, this effect was
exacerbated by the prevalencestfong feéings aboutcertainrecent
instances of tamaldistribution oftredit. Onmanyoccasions respon-
dents had to bpersuaded to discuss theocess ociencerather than
the allocation o€redit! Clearly, certainlocal conditionsaccounted for
the unusualpredominance of reference tredit?

Althoughscientistsdiscussedredit, they did not do so all the time.
In particular, littlemention was made of credit whehey discussed
their data orwhen they talkedabout thefuture. Whenasked in
interviews whythey hadcome tothis laboratory, or why they had
chosen aparticularproblem area omethod, not one of outwenty
intervieweesanswered inerms of theavailability ofcredit. Here then
is aparadox:participantsalked freely anegven tirelesslyabout credit
in some situations but nevementioned it inothers. By looking
carefully atthese twosets ofsituations, ongyets theimpression that
although important, thenotion of credit asreward isa secondary
phenomenon. For example, it was only at the end of allettgr asking
for substancesproposingexperiments, anduggestingideas that
Herbet offered his thanks for thereception at a recemheeting and
added:"About yourearlier work with . . . you certainlgeserve all the
credit for theseearly and astutébehavioural observations.” It is,
however, not possible to account for tlest of theletter on thebasis of
this reference to a pagtpisode. At the end of discussion with A, C
commented: "You will get a lot afredit for that." But this scarcely
permits us to explain theivhole two-hou discussion in terms d¢heir
quest forcredit. At the end of his longeport, one réeree wrote:
"Dopamine was first@ported toinhibit ... invitro by Mc . . . [ref]
who should bejuotedhere." Thereferee could be seen to bevoking a
rule ofcreditsharing athis point. But thisdoes not gplain the wealth
of his previous comments. References toedit canfrequently be
found, but it only assumegsrominence irdiscussions of thpast, or of
groupstructure, or ofssues opriority. Consequentlycredit as reward
cannotadequatelyaccount for thebehaviour ofa scientist practising
science.Rather, itexplains alimited set of phenomena, such as the
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delayed repartition of resources in the aftermath of some scientific
achievement.

It is, of course, possible to argue that scientists are motivated by a
quest for credit even though they do not talk about it and deny that
credit in the form of reward is their motive. But this would require the
existence of a system of repression to explain how the real motive
(credit) never appears consciously in the participant's account of his
motivation. Instead of pursuing ad hoc explanations it may be better
to suppose that scientists are not motivated simply by credit. If, for
example, informants report in interviews that they chose a certain
method because it yielded reliable data, is their reference to reliability
to be taken as a disguised form of concern about obtaining credit?
When another respondent reports that he wanted to solve the problem
of how the learning process works at the brain level, is this to be
understood as obscure way of saying that he wanted credit?

THE QUEST FOR CREDIBILITY

The Oxford Dictionary gives several definitions of credit, only one
of which ("recognition of merit") corresponds to the sense in which
some sociologists use the term to denote credit as reward. The
alternative dictionary definitions are:

(1) The attribute of being generally believed in ... credibility.

(2) Personal influence based on the confidence of others.

(3) Reputation of solvency and probity in business, enabling a
person or body to be trusted with goods or money in expectation
of future payment.

It is clear, therefore, that credit can also be associated with belief,
power, and business activity. For our laboratory scientists, credit had
a much wider sense than simple reference to reward. In particular,
their use of credit suggests an integrated economic model of the
production of facts. In order to examine this possibility, let us look in
some detail at the career of one scientist and assess which definition of
credit most usefully explains it.

In interview, Dietrich revealed that after obtaining a medical degree
he moved out of medicine in order to do research: "I was not very
interested in money, research was more interesting more difficult and
challenging" (XI, 85). His next decision was where to do graduate
studies: "Bern was not bad, but Munich was a much better place, more
prestigious and more interesting" (XI, 85). As has been shown
elsewhere, the location of a scientist's training has a significant
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influence on his or her futureareer. Ineconomic termsgraduate

training at Munich wasworth several times more than tlsame

training atBern. In otherwords, Dietrich realised that hevould be

more highly accredited if hdrained at MunichFrom this we can see
that the beginningfascientist'scareer entails aesies of decisions by
which individualsgradually accumulate aack ofcredentials.These

credentialscorrespond to thevaluation byothers of possibldéuture

investments irDietrich.

Then | went tea Congress aEilat ... Irealized tke interest of neurophys-
iology. . . . This seemed to be a gdoeld, notcrowded,bound to benore

and moreimportant . . . nblike cancerwhich one day will besolved and
put to an endXl, 85).

Dietrich thus explained hislecision to work in neurophysiology in
termsof his interest. At thesametime, we can see the elements of a
guasi-economicalcalculation through which ayoung investigator
evaluated the opportunities of feld and his chances in it. The
evaluation of higprospectsentailed anassessment of thigely return
from his owninvestment okffort. Dietrich'snextstep wasto choose
someoneworking in the field.

| heardabout X atthis Congress. | went to seleim, but heturned me
down ... he did not warghysicians ... heidn't want toform a group of
young guys . . it's a waste of timgXI, 85).

According towhat he hacheard at the meetindietrich knew that X
was the best in the field. For Dietrichthis meant thatthe same
investment in X'sgroup would be muchmore effective than in any
other. Thehiring processentailednegotiationduringwhich either side
attempted toevaluate thecapital that the othecould offer.

But X told me to see Y dinstitute]. . . . Y told me tovork on that subject,
that it should bdinished in ayear, and that hevould support me in getting
tenure at ... thsubject was tdocalize anenzyme in the brain ... he was
completelywrong about theiming because it is still anpenquestion . . .
butl wanted gosition so followed his advice. . . . | got aogition at. ... |
wrote my dissertation anttad several publications (XI85).

This is agoodexample of amooth start to aareer. Thénscription
devices worked angufficientdocuments werg@enerated tsupport
his papers ahdissertation. Irshort, Y'sinvestment hagaidoff. But
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the return in terms of reward was marginal. Dietrich's work was
neither widely acclaimed nor regarded as an outstanding achievement.
Yet with Y's backing it was enough to secure him tenure. Dietrich was
now an accredited researcher who was able to work in the field in
earnest.

This enzyme was not well studied before. I showed that what people said
before was wrong . . . they purified it 1000 times and claimed it was pure, I
purified it 30,000 times and showed that it was still not pure. ... I can say
that I advanced toward the characterization of this enzyme (XI, 85).

This contribution represented an incremental scientific advance,
with all the elements of a typical operation(see Chapter2), a change in
standards of purification and a parallel change in technique. Dietrich
could sum up his position thus: "Curiously, a lot of people studied the
degradation of acetylcholine but very few the synthesis. ... I am the
world expert [laughing] . . . on this enzyme." This particular producer
of facts established access to a market for his contributions. As a
result, he would be invited to any meeting which discussed this
enzyme. He would be cited in any paper dealing with this issue. He was
thus able to transform his small savings into greater revenue.

To do the mapping in the brain with fluorescent methods you need an
antibody which is monospecific, but to raise this antibody you need a pure
enzyme. For me, I told you, even purified 30,000 times, it is still not pure
enough to be specific . . . but someone in Houston claimed he has a pure
enzyme.

In order to obtain credible data he required a particular inscription-
device with specific technical capabilities. Clearly, if too much noise
was generated, the data could not be warranted as reliable. In the
market there was a demand for a pure enzyme; since it was not
information which could be communicated, Dietrich had to move to
Houston in order to collaborate with Z. Dietrich hoped to obtain new
data by using his own methods on Z's pure material. The project was a
failure, however, because Z's claim was not supported by any data. Z
did not have the enzyme. But Dietrich had access to other more
important resources and saw his opportunity within another specialty.

I have always been interested in peptides. ... I was blocked a bit in this, my
boss was an impossible guy . . . also I knew Parine and I wanted to go to the
West Coast.
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Dietrich wasable toobtain money in théorm of afellowship to work
with Flower at theinstitute. Fellowshipsconstitute amladvance made
by private orfederal institutions toinvestigatorsonce theyhave
proven their solvency. Subsequently, sucladvances argefunded
indirectly by way ofpublication andfacts. "At least, | hachown |
could work bymyself, that's themostimportant thing."

By chance.Parine putDietrich towork on asubject ofconsiderably
greaterimportancethan hispreviousenzymestudy. Inother words,
thesameamount ofvork had a much greatémpact in the newield (in
terms of access tofunds, reception ofcitations and invitation to
congresseghan it wouldhave done in thdirst. As a result of his
associationwith S, Dietrich receivedincreasinglyattractiveoffers (in
terms ofspacetechniciansjndependence, andaterials) tqpersuade
him to return to Germany'You see, | am now apecialist inpeptides
atatime when it's ripein Germany, andvhenthey have very few of
them" (X1, 86). In thelnstitute, Dietrich enjoyedgreateraccess to a
much moreactive narket than had been the caseGermany. The
simple fact of hisassociation with S and W gave hisubstantial
credibility, both interms ofprestige andnaterial resurces. By being
attheinstitute, Dietrich obtainedaccess teommunicatiometworks,
substances, antchnicians, and he was able to tap the cagital of
materialresourceglescribed inChapter 2. The investments made by
Dietrich hadan enormouspayoff boh because of @oncentration of
credit in theinstitute andbecause of a higdemand for cedible
information in thefield. In addition,his Germannationality enabled
him to play on the variationgetween currencies. Hsould obtain a
much highewreturn for hisefforts inGermany as a result of his work in
the U.S. But thelaboratoryspace, theéechnicians, théndependence,
andgrant moneymadeavailable to him inGermany were notffered
as a form of reward. Ratherthese werematerial resources to be
quickly reinvested in new inscriptiodevices, and in the production of
data,papers, andacts. Weretheseinvestments in his work not to pay
off, Dietrich wouldlosecredibility. Inthis respect, sientists' béaviour
is remarkably similar to that of amvestor oftapital. Anaccumulation
of credibility is prerequisite tonvestment. Thegreaterthis stockpile,
the more able theinvestor toreap substantial returns anthus add
further to hisgrowing capital?

To repeat, it would bavrong toregard thereceipt ofreward as the
ultimateobjective ofscientific activity. Infact, thereceipt ofreward is
just onesmall portion ofa large cycle of credibility investment. The
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essential feature dhis cycle is the gain afredibility which enables
reinvestment and tHeirther gain of cedibility. Consequentlythere is
noultimateobjective toscientificinvestmenbther than theontinual
redeployment ciccumulatedesources. Itis ithis sense that wigken

scientists'credibility to acycle ofcapitalinvestment.

CONVERSION FROM ONE FORM OF CREDIBILITY TO ANOTHER

Although Dietrich's career pattundoubtedlyinvolved a ®ries of
decisions based oprecise and complegalculations ofinterest, the
exactnature ofthis interestremains at issue. If wBmit ourselves to
the notion ofth@ursuit ofreward forscientific contributions, iis clear
that Dietrich is bankrupt. After investing for ten years, heabnost
unknown,havingreceivedlessthan eightitations a year, no awards,
and havingmade fewfriends. If, however, weextend thenotion of
credittoinclude credibility, we can see a muetore siccessfutareer.
He hasgoodcredentials, he has produced credible desiang twosorts
of methods, and nowworks in a n& and important area at an
institution with an enormousccumulation ofesources. In terms of
his pursuit ofreward, his careemakes littlesense; as amvestor of
credibility it has been verguccessful.

By distinguishingbetweencredit asreward and adit ascredibility,
we are not merely playing onwords. Credit as reward refers to the
sharing of rewardaind awardswhich symbolisepeers'recognition of a
past scientific achievement. Credibility on thether hand, concerns
scientists' abilitiesactually to do science. We saw at the end of
Chapter 2 how atatementould betransformedrom a claimto afact
by the use of documentsvhich made unnecessarthe continued
inclusion ofmodalities. Statementshus supported bythe appropriate
documents can be said to teedible in the same way asdividuals are
credible orinstruments areeliable. Thenotion ofcredibility can thus
apply both to thevery substance of scientific productiqfacts) and to
the influence of externafactors, such asmoney andinstitutions. The
notion ofcredibility allows thesociologist torelate externalfactors to
internal factors andvice versa. The same notion ofedibility can be
applied toscientists'investmentstrategies, to epistemologictieories,
to the scientificreward system, ant scientific educationCredibility
thus allows the aciologist to move without difficulty betweenthese
different aspects of acial relations in sience.

If we supposehat scientists aranvestors of cedibility rather than
just reward seekers, we can easiplain anumber of otherwise
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strangecases ofscientific behaviour interms of the conversion by
scientists of onéorm of credibilityinto another. Wean beselucidate
this point by wg of four examples:

(a) When | consider all thenvestment | madeén this substance in the
laboratory and tlon't everhave a goodssay for it: If Ray isinable to set
up this assay, havill be fired (XIII, 83).

Theinvestment eferred to here was terms of bothmoney andime.
On the basis otthis investment, gayoff was expected in the form of
datawhich could support anargument ina forthcoming aticle. The
worth of the person put in charge of the assay depended g #tiey
oftheassay and thdata produced. Ifthassayfailed, Ray wouldose
credibility and wouldose both hisnvestment and theéata required to
support hisargument.Consequently, X warnelday(albeit indirectly)
that hisposition was astake. In thisase, datérom thebioassay was
necessary to support amrgument. Success in thévioassay was
necessary teupportRay's authorityThisauthority was necessary, in
turn, to support his position. Lastly, X'snvestments had to be
supported orepaid by a newaper.

(b) The peak of thefield has passed ... itreally boomed after P's
experiment likeghat. . . . A lot opeoplefloodedinto thatfield and . . . after
awhile, when nothingnewhappened iseemed morandmoreimpossible
.... Expectations were shigh thatpeoplepublishedpaperswithout any
experiment,jusspeculation. . . . Then a lotméople gohegativeanswers
when theytried toreplicatethat. . . theaccumulation ohegative results
dampened expectation¥IIl, 37).

As aresult, anumber ofpeople,including P,began to leave thield.
The initial experiment hadrompted a small gold-rush and career
paths had changed directiongepleinvested in a new fieldnitially,
standards were shdahat noexperiment wasiecessary. Almost any
proposition wasaccredited in th@revailingatmosphere aéxcitement.
When harddata began tllow, however, dargevariety ofpropositions
were bankrupted one after thather. Negativeresultsthus modfied
careerexpectations once again.

Speakingabout aninvestigator inanotherfield, Y said:

(c) I supported thearlier results ofthis guy . . . when a lopafopletook that
asgarbage; he is a big shot in fiisld ... so now he invited me toeetings and
it's agoodoccasion for me to meet ngueople inanotherfield (X, 48).



200 LABORATORY LIFE

Y's faith in anothe scientists's pyposition waseventuallyconverted
into invitations to meetingskFurthermore, thignvitation provided a
goodoccasion to gesacquaintedvith others and to becomaformed of
new ideas. The samieaformationwould subsequently beonverted
into anew experiment. Thuspnfidence irsomeonelse's datayhich
were thought controversial, constituted a capitalvestment. The
investmentcould berepaid in thisexample by virtue of thether
scientist'sposition ("he is a big shot").

K and L were countingsamples on the beteounter. K is fiteen
yearsolderthan L.

(d) L: Look atthese figuresijt's not bad.

K: Well, believe in myexperiencewhenit's notmuchmore above 100, it's
not good, it'snoise.

L: The noise ispretty consistenthough.

K: It does nothangemuch, but with thisioise yowcan'tconvincepeople . . .

I meangood people(XIIl , 32).

From the pespective of some epistemologistge would expect the
reliability of data to be anssue quitedistinctly separated from the
evaluation ofindividuals in thefield. Thus, theassessment afata
should not be smbviously linked to the rhetorical operation of
convincingothers andshould varyneither according to the individual
who is doing thenterpreting noaccording to theaudience to whom the
results areaddressedNevertheless,examplessuch as theabove
reveal that scientts frequently make connectionsbetween these
superficially foreignissues. In fact, such issues are all part ofone cycle
of credibility. Consequentlythe connectiongnadebetween them can
be explained interms of the conversion betweetifferent forms of
credibility. It is not surprising, thereforethat aparticipant simul-
taneouslyZvalues theuality ofdata, thestanding ofth@udience, and
his own career strategy.

Figure 5.1 illustrates thecycle of credibility. The notion of
credibility makespossible theconversion betweemmoney, data,
prestige,credentials, problenareas,argument,papers, and so on.
Whereasnanystudies osciencefocus on one or othemall section of
this circle, ourargument ighat each faces but one part of aendless
cycle of investment andconversion. If, fo example, weportray
scientists as motivated by a searchriawvard,only a smallminority of
the observedactivity can beexplained. Ifinstead wesuppose that
scientists a& engaged in guest forcredibility, we arebetter able to
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Figure 5.1

Thisfigure represents the conversion between one type of capital and
another which is necessary for a scientist to make a move in the
scientific field. The diagram shows that the complete circle is the
object of the present anaysis, ratherthan any one particular section.
As with monetary capital, the size and speed of conversion is the
majorcriterion by which the efficiency of an operationis established.
It should be noted that terms corresponding to different approaches
(for example, economic and epistemological), are united in the
phases of a single cycle.

makesense both dheirdifferentinterests and of therocess byvhich
one kind of credit is transformedinto anothef’
THE DEMAND FOR CREDIBLE INFORMATION

In order tounderstand théull force of thedifferencebetweenreward
andcredibility, it is necessary talistinguishbetween therocess by



202 LABORATORY LIFE

which reward is beowed and theprocess bywhich credibility is
assessedothreward andredibility originateessentially fronpeers'
commentsaboutother scientists. Thuseven the award of &lobel
Prize depends omarious submissionsecommendations, arassess-
ments by working scientists. But whaform do these evaluative
comments take in thdaboratory itself? Two features are readily
apparent.Firstly, evaluativecomments made by scientists make no
distinction betweenscientists agpeople andtheir scientific claims.
Secondly, thenain thrust othese commentsirn on an assessment of
the credibility which can beinvested in anindividual's claim. The
possibility ofbestowingreward is anarginalconsiderationA striking
illustration of this isprovided by the flowing example C and Parine
were in the bioassapomwhen Casked Glenn teynthesize aeptide
which another colleague, T, had claimed torhere active than en-
dorphin. When ayringe of the peptide had been prepared, C made
ready to inject a rat othe surgery table:

| betyou the peptide igoing to donothing . . . thigstheconfidence lhave

in my friend T. [Csqueezed theyringe andenjoined the rat]: O.K.Charles
T., tell us. [A few minutespassed.)See,nothing happened ... &nything
therat is evenstiffer [sigh]. Ah, my friend T . . . vent to hislaboratory in
NewYork and saw hisecords . . which lead to publication . . . itmade me
feel uncomfortable (V, 53).

This incident underscores thmommon conflation ofolleague and
his substance: theredibility of theproposal and of the proposer are
identical. If the substance had theesired effect on the rat, T's
credibility would have increased. If, on thether hand, he had had
moreconfidence in T, C would haveeknsurprised by theesult. This
is madeparticularly clear in the following:

Last week, myprestige was veryow, X said | was noteliable, that my
resultswerepoor and that he was nohpressed. . . Yesterday, Ishowed

him my results . . goodlord, now he is verynice, hesays, he was very
impressed and that | will ged lot of credit for that(XI, 85).

For aworking scientist, themostvital question is notDid | repay my
debt in the form ofecognitionbecause of the good paper heove?"
but"ls hereliableenough to bédelieved? Can I trudtim/his claim? Is
he going to provide mevith hard facts?"Scientists ar¢husinterested
in one another not because they fareed by a spéal systenofnorms
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to acknowledgeothers'achievements, bubecause eacheeds the
other in ordeto increase his owproduction otredibleinformation.

Our discussion of thedemand for crediblénformation contrasts
with two influential models of tle exchangesystem in science
proposed byHagstrom(1965) andBourdieu (1975b). Both models
have obviously bee influenced byeconomics. Hagstrom'snodel
employs theeconomics ofpreindustrial societies and portrays the
relation between twacientists as that gfift exchange.According to
Hagstrom, however, theexpectation ofexchange isnever made
explicit:

[TAhepublic disavowal of theexpectation ofrecognition inreturn for
scientific contributions should no merbe taken to mean that the
expectation is absenhan the magnanimousont of thekulatrader can
be taken tomean that heloes notexpect areturngift (Hagstrom,1965:
14).

Explicit reference to thexpectation oéxchangeoccurred inmany of
thecases webservedThere was no suggestioat our scientists had
to maintain afiction that they wee not expecting anyreturn gift.
Consequently, thdasicargument thascientists argift givers does
not seen warranted.Indeed, we can pesthe same questionwhich
Hagstrom himself asked:

But why should giftgiving be imprtant insciencewhen it isessentially
obsolete as a form axchange in most otheareas ofmodern life,
especially the mosdistinctly "civilized" areasqHagstrom,1965: 19)

Hagstrom provides no reasons for tservival of this antiquated
tradition in thescientific communityotherthan thefactthat thesame
phenomenon is evident inther professionalspheres. In all such
professional spheredjagstrom argues,

The gift exchange [or the norm of service], apposed to barter or
contractual exchange igarticularly well suited to social systems in
which greatreliance isplaced on thability ofwell-socializedpersons to
operateindependently oformal controls (Hagstrom, 1965: 21).

For Hagstrom,then, thearchaicsystem of giftexchange idunctionally
corequisite to themaintenance ofocial norms. In othewords, the
archaicsystem of potlach iseen as a way a&fupporting the central
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system of norms. Evescientists' publicatiostrategies amanifesta-
tions of conformity tonorms through participation igift exchange:

The desire toobtain ®cial recognitioninduces thescientist toconform
to scientific norms by contributing his discoveries to thelarger
community (Hagstrom,1965: 16).

Scientific activity isgoverned by norms, and tleeaforcement dfhese
norms entailghe existence of a specialystem of giftgiving. But this
system isnevermade mention of bparticipants.Indeed, ifscientists
deny they are expectingreturngift, this can be taken gsroof of the
success ofheir training andheir rigorous conformity to the norms.
We havehere arexplanation of arxchangesystem interms of norms
which is both empiricallyundemonstrable andvhich the author
himselfconsiders arinexplicable andparadoxical archaism.

Why should Hagstrom use @imitive exchangeanalogy toexplain
relationshipsbetweenscientists? We hathe distinct impressiorthat
the constantinvestment andransformation of credibilitgyakingplace
in the laboratorymirrored economic operationsypical of modern
capitalism.Hagstrom was struck bihe apparent alesice otransfers
of money. But thideatureshould not lead to theermulation of amodel
designed tmreserve theexistence of normsDo scientistsread each
other out ofleference tmorms?Does onéndividual read @aper so as
to force its author taead his work inreturn?Hagstrom'sexchange
system has the aura ofrathercontrived fairytale: scientistsead
papers as matter oftourtesy, angimilarly thank theirauthors out of
politeness. Let usook at onemore example of scieific exchange in
order to show thathis view isneedlesslycomplicated.

Oneof the main problems instudyingdiabetes was thdifficulty of
discriminatingbetween theffects ofinsulin andglucagon in a diabetic
patient'sglucoselevel. Inother words, attempts to study the effects of
insulin were foiled because of tHeoise" generated by glucagon, the
effects ofwhich it wasimpossible tosuppress. In 1974owever, a new
substance calledomatostatin was isolaté¢dth acompletelyunrelated
field), which was found to inhibit the secretion ofboth growth
hormones andlucagon(Brazeau and Guillemin1974). Somatostatin
was immediatelyimportedinto thefield of diabetic study and used to
decrease the effeaf glucagon.

The discovery of GHreleasinginhibiting hormone,Somatostatinmight
open the way to an objectivevaluation of the role oflucagon in
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diabetes. It will soon be possible to follow diabetic patients with
competely suppressed glucagon secretion.

This passage, written by a clinician, indicates the potential importance
of glucagon. If at this point, someone had told the clinicians that he
knew the structure of a glucagon suppressor substance, he would have
been seized violently by the lapels. Why? Because the clinician would
have felt overcome by a desire to reward this individual for his
contribution? Or because he felt a debt of honour to the individual's
achievement? No. The clinician's violent reaction would stem from his
ability, once armed with the new information, to rush to his bench or
his ward and set up a protocol in which one of the causes of noise in his
inscription device can be controlled. The clinician would not be
obliged to disburse credit to the bearer of information, nor even to cite
his paper. The utility of the information for the generation of fresh
information is crucial, whereas the subsequent bestowal of recognition
is only a secondary concern to the scientist.

Bourdieu's model of scientific exchange compares scientists' beha-
viour with that of modern businessmen rather than precapitalist
dealers and traders. The absence of money in scientific exchange does
not cut any ice with him because of his experience in studying
exchange systems in fields other than science. For Bourdieu ( 1975b),
economic exchange can include the accumulation and investment of
resources other than money. By using the idea of symbolic capital
Bourdieu describes the investment strategies in fields such as educa-
tion or art in terms of modern capitalism. Even business strategies are
analyzed from the point of view of accumulation of symbolic (rather
than just monetary) capital. By contrast with Hagstrom, Bourdieu
(1975b) does not attempt to explain scientists' behaviour in terms of
norms. Norms, the socialisation processes, deviance, and reward are
the consequences of social activity rather than its causes. Similarly,
Bourdieu takes the position that science can be studied without forging
ad hoc explanations and in terms of other more usual rules of
economics. For Bourdieu, then, the cause of social activity is the set of
strategies adopted by investors wanting to maximise their symbolic
profit.

The scientific field is the locus of a competitive struggle, in which the
specific issue at stake is the monopoly of scientific authority, defined
inseparably as technical capacity and social power (Bourdieu, 1 975b:

19).
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Investors'strategies aréikened to ag other busnessman'stsategy.
However, it isnot madeclear whyscientistsshould benterested in one
another'sproduction. Bourdieu simplasserts:

[T]he transmutation of the anarchantagonism oparticularinterests
into a scientific dialectic becomes more and momomplete as the
interest that each producer of symbaimods has iproducingproducts
that, asFred Reifputs it"are not only interesting tbhimself butalso
important to others" . . comes umgainstompetitoramorecapable of
applying the sameneans(Bourdieu, 1975h: 33).

Thistautologicalexplanation of interest iworsened by the absence of
any reference to theontent of thescience produced. Iparticular,
there is noanalysis of the way imhich technicalapacity is linked to
social power. This absencmight not be a problem in the study of
"hautecouture"(Bourdieu, 1975a), but it isabsurd in science.

NeitherBourdieu norHagstrom helps usnderstand whgcientists
have anyinterest inreading eaclther. Their use ofeconomic models,
derivedrespectively fromcapitalist andprecapitalist economiedails
to considerdemand.This failure corresponds teheir failure to deal
with the contents othe science. AsCall—n(1975) hasargued,
economic models can lapplied only ithis accounts for the content of
science.Hagstrom andBourdieu providesuseful explanations of the
repartition of credit as aharingprocess but thegontributelittle to an
understanding of theroduction of value.

Let us suppose thaicientists are investors ofedibility. Theresult
is the creation of anarket.Information now has valukecause, as we
saw above, iallowsotherinvestigators tgroduceinformation which
facilitates the returmof invested capital.There is ademandfrom
investors forinformationwhich mayincrease theower oftheir own
inscription devices, and there issapply of information from other
investors. Theforces ofsupply and demandreate thevalue of the
commodity,which fluctuatesconstantly depending osupply, demand,
the number ofinvestigators, and thequipment of theproducers.
Taking into account thdluctuation ofthis market, scientistsinvest
their credibility where it is likely to be most rewarding. Their
assessment of thegrictuationsboth explainsscientistsreference to
"interestingproblems,"'rewardingsubjects,™good methods," and
"reliable colleagues" anéxplains whyscientistsconstantlymove
between problemareas, entering into new colladrative projects,
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grasping and dropping hypotheses as thieumstances demand,
shifting between onenethod and another asdibmitting everything to
the goal ofextending the adibility cycle!

It would bemistaken tdake the centrafleature of our markenodel
asthe simple exchange gbods forcurrency.Indeed, at therelim-
inary stage of factproduction, thestraightforward exchange of
information for reward is hindered bydlfact that thescientist and the
claim arenotdistinguished. What then is theguivalent of buying in
our economic model ddcientific activity? Ourscientists on} rarely
assessed theuccess dheir operations irterms offormal credit. For
example, they hadittle idea of theextent towhich theirwork was
cited. They were nohormally concernedabout thedistribution of
awards, and they were onfyarginallyinterested irquestions ofredit
and priority.® Indeed, ourscientists had auch moresubtle way of
accountingsuccess thasimply measuring returns isurrency. The
success of eaclnvestment wasvaluated interms of theextent to
which it facilitated therapid conversion ofcredibility and the
scientist's proggssion throughhe cycle. Forexample, asuccessful
investment might mean thagteople phonehim, his abstracts are
accepted, others shawterest in hisvork, he is believed more easily
andlistened to withgreaterattention, he i®ffered bettepositions, his
assays workwell, dataflow more reliably andform a more credible
picture. Theobjective ofmarket activity isto extend andpeed up the
credibility cycle as a wholeThose unfamiliar with daily scientific
activity will find this portrayal ofscientific activitystrangeunless they
realisethat only rarelyis information itself "bought.” Rather, the
object of ‘purchase” is thecsentist'sability to produce someort of
information in thefuture. Therelationshipbetween scientists isore
like thatbetween smaltorporations thathat between a grocer and his
customer. Corporations measuretheir success bylooking at the
growth of their operations and thentensity of the circulation of
capital?

Before using thismodel tointerpret thebehaviour of outaboratory
scientists, it isimportant tostress itscompleteindependence of any
argument concerning motivationgExplanations using theotion of
rewardrequired us tsupposehat scientistgoutinely hide their real
motivations when they faito reveal anexplicit interest in credit and
recognition. By contrast, owredibility model canaccommodate a
variety oftypes ofmotivations. It isnot necessarytherefore, tadoubt
themotivationsexpressed innformants'accounts. Sciergts arethus
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free to reportinterest in solvinglifficult problems, ingettingtenure, in
wanting to alleviate theniseries ohumanity, inmanipulatingscien-
tific instruments, or even in thaursuit oftrue knowledgeDifferences
in the expressionf motivation arematters opsychologicalmake-up,
ideological climate, group pessure, fashion, and so thSince the
credibility cycle is o single circle througlwhich oneform of credit
can be converted into another, it makes rmtfference whether
scientistsvariouslyinsist on theprimacy of crediblalata,credentials,
or funding astheir prime motivatinginfluence. Nomatter which
section of thecycle theychoose toemphasize orconsider as the
objective ofinvestmenttheywill necessariljnave to gdhrough all the
other sections awell.

Strategies, Positions, and Career Trajectories

In the first part othis chaptewe discussedcientists' investments
andportrayedhem as investors ofedibility. Weshall nowattempt to
apply the notion ofcredibility to the particular situation of our
laboratoryscientists.

CURRICULUM VITAE

A scientist'scurriculumvitae (C.V) represents a balansheet of
all his or her investments tdate. A typicalC.V. contains nameage,
gender,family information, and four sections, each afhich cares-
ponds to garticularmeaning ofcredibility. Under"Education," for
example, we mayead:

1962: Bachelor of Science andgriculture, Vancouver
1964: Master of Scienceyancouver,B.C., Canada
1968: Ph.D. (Celular Biology), University of California

This list of qualifications representswhat could be called the
scientist's accreditation. This in itself does notensure that the
individual is a scientist, but it doenable him to be admitted to the
game. Ininvestmentterms,this individual has thenecessarygreden-
tials toinvest. Such credentialepresent théormal return on adarge
loan oftaxpayers'money (or sometimegrivate funds) invested in
education and #&ining, Of course, the datelocation, and subject
matter of eaclqualification are allimportant. Forexample,
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Dr. Hoaglandholds hisbachelor'slegree fromColumbia, hismaster's
from MIT and his Ph.D. fromHarvard (Meiter etal., 1975: 145).

Thesequalifications arainderstood to be moimpressive thathose
inthe previous example (Reif961).Similarly, if the subject matter of
ascientist'sloctoralexaminatiorincludes bacteriajenetics, he has a
distinct advantagevhen applying tocollaborate with ayroup which
requiresexpertise irnthis area. A scientistgualificationsconstitute
cultural capital which isthe successfuloutcome ofmultiple invest-
ments interms of timemoney, energy, andbility. Thescientists and
technicians in oulaboratory hac&iccumulateanore than onbundred
thirty years ofcollege and graduate education.

Qualifications such as thePh.D. do notdifferentiate between
scientists becausartually all scientistpossessne. More important
is the informationcontained in thesecond sctionentitled"Positions."

1970 Assistant Research Professor, Thstitute

1968-70 PostdoctoraResearchChemist,University of
California, Riverside

1967-68 FellowResearch Assistanyniversity of
California, Riverside

This informationindicatesboth thatanindividual hasbeen admitted
to the game and that he has actually playeffisiently well to have
obtained a position. For tteame reasorg.V.'srecord any gants and
awardswhich have been received:

(1) Alpha OmegaAlpha, Hoover MedicalSociety,Alpha of
Arizona Chapter

(2) Prizer Scholar

(3) Arizona Medical Student Research Award
Public HealthServiceTrainee in Endocrinology, 1965 to 1969
Public HealthServices Postdoctor&lellowship

The list of grantsand awardsprovides astatement of the extent of
investmentalreadyplaced in thendividual. Thus, the statement of an
individual'scredibility represented by higualifications andposition
is reinforced. Onefurther source ofreinforcement is thénclusion of



210 LABORATORY LIFE

the names addvisors and head of laboratoriesere an individual has
worked:

1973-75 Visting research chemistaboratory of N#éhan
O. Hakan,Department ofChemistry,University of
Haifa

1966-68 PostdoctoraFellow, Microbiology Institute,
University ofCopenhagenDenmark, N. O. Kierkegaard,
sponsor

The inclusion of these namespgetherwith those ofreferees from
whom letters ofecommendation cale requestedreflect theimpor-
tance ofestablishedelationships as apsirce ofcredibility. Readers
canuse thes@mames both to ascertain thetwork inwhich ascientist
is situated and tddentify sources who cawouch for his or her
solvency.

Of course, none of these characteristics of icuta vitae are
peculiar to researchers. What is particular is not so much a scientist's
academiqgoosition (orappointment) but rather hisition in thefield.
Readers mayvish to know whichproblems thescientist ha solved,
which set of techniques arekpertise he or she fmiliar with and
which problems the scientist i&kely to be able tesolve in thefuture.
Frequently, however, the statement of acadegmoitions andhosi-
tions in thefield are conflated:

Positions

1962-64 Synthesis of pyrrole compoundState Ctlege

1964-65 Condudreshmarchemistry laboratoryStanfordUniversity

1965-69 Isolation andstructure elucidatiomnf alkaloids,
Stanford University

1969-70 X-ray crystallography StanfordUniversity

1970- Research Associatfhe Institute

The first four of thesepositions concermproblems undertaken at a
particularly prestigious location, thdast is theacademicposition
eventuallyobtained through theonversion gpreviously accumulated
credibility.

Lists of publications are the main indicators the strategical
positions occupied by a&cientist. Names ofoauthors, titles of
articlesjournals in which they habeen published, and thsize ofthe
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listtogethedetermine tk scientist'sotal value.Once a C.V. has been
readandletters ofrecommendatioreceived, aecision is made on the
basis of anndividual'svalue whether or not tgive tenure, to gant
money, tohire or simply tocollaborate on goarticular research
programme. The C.V. cathus becompared to thennualbudget
report of a corporation.

The previously accumulatedapital oflaboratory members was
small becausthey hadoublishedrelativelylittle beforebecomingpart
of the laboratorygroup. Elevenscientists hagublished only sixty-
seven items between them and halfraseresulted from thevork of
one individual who hadalready left thelaboratory by the end of our
study. Inaddition,members of théaboratory had held few academic
positions before&oming to the lhoratory. All but one hagreviously
beenpostdoctorafellows. Interms of capital, therefore, members of
the laboratory provided more theromise ofcredibility than an
accumulatedstockpile.

POSITIONS

Scientists movdrom oneposition toanother attempting toccupy
what they egard as théestpossibleposition. It isimportant tonote,
however that each positiosimultaneouslcomprisesacademiaank
(such aspostdoctoralfellow or tenuredprofessor), a situation in the
field (the nature ofhe problem being tackled and the methadsed),
andgeographical lod#on (theparticuladaboratory and th&entity of
colleagues). This three-fold notion of position is crucial to an
understanding dfcientists'careers. If theanalyst does naimulta-
neously takehese threaspects int@account he idiable toproduce
either a conceptual representation tbe field (where problems
generate othgrroblems), or @icture ofindividualsstrugglingagainst
the forces ohdministration, or &tructure opolitical economywhich
focusses oninstitutions, budgets, and science policies. But the
cohesion of these thregspects willescape hisattention.

The field** does notppear full of more or lessterestingproblems
but for the presence of amndividual with ambitions tomake some
points. Nevertheless, the individuatrategy isnothing butwhat the
field forcesrequire. Thenotion of position isthus verycomplex. It
points to theintersection ofndividual strategy andield configuration,
but neither thefield nor the individual aréndependenvariables. Let
us consider an analogwith war in order toelucidate this point?
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A small earthmound is ofno obvious strategicalsignificance in
itself. If, however, a battleakes place in theicinity, thenthis mound
maytake onaspecialsignificance Although at one timenerelypart of
alandscape, is potentially astrategical positionButit only takes on
such significance byirtue of astrategist'svaluation of the battlefield,
the positions of othdroops and theelative strength dhe combatants.
To one of the combatantsthis mound may appedo provide the
opportunity for asuccessfulattack on one line of thenemy. The
moundsuddenly makes sense. becomegxcited by what he regards
asanextraordinaryopportunity and begins tmobilize theforces at his
disposal. Heanticipates thatonce themound istransformed in
position he will be able teffect devastatingnovesagainst theenemy.
Consequently, he tries to reach amckbupy it. Thesuccess of his
endeavour depends time state oplay in therest of thebattlefield, on
the strength of his own forces and on Isikill in command and in the
evaluation of danger. Once he has reached his objective and trans-
formed theinnocent mound int@ point d'appuithe pressures of the
battlefield will immediately be modifiedOthers may try to force him
out. Hisability to withstandthesepressureslependspnceagain, on
his pastability, the resourcest his disposal(men, weaons, and
munitions), theresources provided by thmound (bettewisibility,
dominant situationrocks,etc.), and hiskill in using them. Aposition
is similarly the resultant of a participant's career trajectory, the
situation in thdield, theresources at his commaadd the advantages
of the invested position.

The aboveanalogy fits closely tgcientists' strategies asvealed in
interviews. Scientificactivity in ourlaboratory comprised &ield of
contention inwhich facts were produced]aims dissolvedartefacts
deconstructedproofs andarguments disproved, careansned, and
prestige cut downThis field only existed in so far as it waserceived
by participants. Furthermore, the precisature ofthis perception
depended omarticipantsiinitial standing.Again and agai we were
told: "Then | gotinterested in thitechnique, thisrea, thigguy" or "l
realised the interest of or "saw an opportunity" andso on.
Respondentslescribed how thegeized aspecific method or inscrip-
tion device androught it toa particularplacewherethey began to
make points and fpublish. Repeatedly, we heardirierviewsthat "it
did not work" or thata respondentwas gettingnowhere."Respon-
dentsrelated how theyhen drifteduntil they foundaninstrument, a
method, a collaborator or an idd#at worked. They weréhenable
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quickly to modify the situation in the fieldSome statementsvhich
they discredited were never taken upoblyers. Theypecamestrong.
They gainedweight. The obtained more funds, attracted more
assistants, generatargumentsThef‘eld was modified around their
newposition.

The strategical concept ofscientific activity is exemplified by
Guillemin'sexperience in thfield of releasingfactors. Wherhe first
entered thdield, Guilleminperceived a central problem to be that of
obtaining areliablebioassay folTRF. Havingdecided ora strategy,
hemobilizedcolleagues in thpursuit of such an assay aghsped the
chance opportunity olssistance from #ady whoseskill perfectly
matched higoal. Hequickly began to obtainaliable data on thieasis
of which heshot down anumber okxisting claims angostulated the
existence of RF, forwhich he immediatelgained therecognition of
others. Similarly, Dietrich wasprevented frommapping the brain
because of the absence of antibody, the psduction ofwhich
depended on thisolation of apure enzyme. Aaresult hedecided to
move to acountry tocollaborate withresearchers whpossessed the
enzyme. His moveependedlmostentirely on thepositionin which
he wanted to invest.

It becomesclear thatsociologicalelementssuch asstatus,rank,
award, pasaccreditation, andocial situation arenerelyresources
utilised in thestruggle for creditd information and incrased credibil-
ity. It is at bestnisleading taarguethat scientists arengaged, on the
onehand, in theationalproduction of harégcience and, on the other,
in political calculation ofassets andnvestments. Orhe contrary,
they are strategists, choosing the naggiortunemoment,engaging in
potentiallyfruitful collaborations, evalating andgrasping opportuni-
ties, andrushing tocreditedinformation. Ininterviews it is notnerely
peripheralconcernswhich excite andinterest themTheir political
ability is invested in theheart of doingscience. The bettgroliticians
andstrategists they are, theetter the sciencthey produce.

It is important to realisehowever, that oudefinition ofposition is
purely relative. Inother words,a position has neaneaningwithout a
field or set of participantstrategies. At the saatime, the fielditself
is no more than thensemble opositions agvaluated by a participant.
Moreover, aparticipant'sstrategy ismeaningless uess located
within a field and in relation topositions asperceived byother
participants-® Thenotion of position should not beified. A position
doesnot exist"out there," simply waitingfor someoneo fill it, even
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thoughthis is how it appears to thactor. Indeed, thenature of
positions to beseized isconstantly thdocus of negotiation in théeld.
The feeling thata constraint on taking position isdependent on the
field is also theupshot of constanbegotiation. Positions are only
retrospectively defined as beiagailable for occupatiorBut this kind
of perception is again onhglative to the field in theense¢hatwhen we
say "G occupied a position," this ishorthand for ouretrospective
understanding of the way iwhich Gdetermined the configuration of
the field, his resources, and hisareer. The scientistimself may
retrospectivelyjustify his occupancy of the positiom terms of its
interest™

TRAJECTORIES

The rather monotonous patterof participants'remarks about
career strategies is r@flection of themonotony of theinvestment
process:

| studied this problem. | médr. Maddox, | developedhis technique, |
publishedthis paper, then a pit®n was offered at this place, | met
Sweetzer, wepublished thispaper. Idecided to move to this area.

Participants' careers comprisenamber ofsuccessivelyoccupied
positions. Moves from ongosition toanother can bevaluated by
devising a kind of balance sheehich presentsndividual careers in
terms of the credifcultural capital, social capital, operations) with
which they started and the positions iwhich they invested. The
perceived success of eactove and the crudedex of impact used in
Chapter 2(number ofcitations per papeapublished afteeachmove)
are alsaecorded. Each row of the balance shbes represents one
move, that is, a chaegdn position(Table5.1). An individua canthus
move toanothedaboratory with the sam&ubject and academic status,
orhecan stay in the laboratory but change his problem area, or he can
change academic rankithout modifying hg research programme.
Participantsstarteach move with aimitial capitaltogethemwith their
earnings frompreviousmoves. Sincecapital can bevasted,individ-
uals'accounts casometimes ganto thered. Forexample,Sparrow
joined the laboratory with @&h.D. in biochemistry and letters of
recommendation.These credentialswere no better than average.
However, Sparrow'dirst paper turned out to be axtraordinarily
good inwestment. He synthesized releasingfactor andreceived
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Table 5.1
Academic Position in Geographic
Position the Field Position Payoff
None None Bern Medical Doctorate
Graduate None Munich Training
Student
1968
= Neurophysiology X’s LAB =
1970
Tenure Enzyme purifi- = Ph.D. and tenure
cation
1972
= Isolation of = expert, invited
the enzyme to meetings
1973
= = uUsS. =
Z’lab—Houston
1975
= Brain peptides California— =
Flower’s LAB
1976
= = = Known everywhere
because of work
with Flower and C.
on brain peptides
1978
Full professor == Germany-—head =
of laboratory

Table 5.1 represents a simplified balance sheet of Dietrich’s moves. Each row corresponds to a move, in which one
of the three aspects of Dietrich’s position was modified. Each column corresponds to Dietrich’s career trajectory as
measured in terms of one aspect of his position. The right-hand column records the pay-off resulting from each move.
An equals sign (=) indicates that no change took place.

hundreds of citations, largelyecause theeleasingfactor related to
particularly sensitiveareas ofmedicine (such as sterility) atecause
its synthesis had importaniplications forbirth control. In other
words, a large audience required the use of thewly synthesized
substance ilmundreds oéxperiments. His sigoauthors lent himpart
of their capital (inthe form of instruments,expertise,space, and
credibility) in such a way that hiswn contribution wasdifficult to
distinguish. He remained in tlsame area fdiouryears and continued
to synthesizeanalogues of theamesubstance but his efforts met with
diminishingreturns. (Up t01976, he received 0, 0, 10, 4, 3, 2 and 0
citations for each of hisubsequent gapers.) He thedecided to move
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to anotherproblem area in order to work on togvn. But he did not
realise thamost of hiscapital had resulted fromis location and the
demand for tb specific releasingdactor he hadsynthesized. As a
result, he sddenly foundhimself without access tospace in the
institute orgrant money andvith no more personal credibility than
when he started. Hiattempt tochangeposition corresponded to a
failure toconvert hisaccumulated credibilit because th credibility
was not properlyhis to convert.Subsequently, he was fired by the
institute and tried to exchangdgs scientific capitalfor a teaching
position orindustrialwork in chemistry.This entailed his givingip the
chance of obtaining anfurther scientific credibility. His movement
outofthe credibilitycycle amounted to thiégquidation of his scientific
investments.

The importance of location isvell illustrated by the trajectory of
scientists who entered thaboratory at thdeginning otheir careers
and who left after a short while. A comparison ofproductivity,
measured by number oftations per paper in the thrgears following
publication, of fivescientistsreveals markedifferences Btween the
periodbefore,during and aftetheir stay in the laborator§Table 5.2)
Although all fiveclearly benefitted from thehesearch in the laboratory,
four of them were unable t@invest, or casltheir acquire credibility
oncetheymovedaway. Oneobtained aetter research position but did
not publish anything which hasincebeencited andthreeothers had to
liquidate theirassetsither by teaching, or bgoinginto business. In
terms of credibility, of course, these movegpresentpoor invest-
ments. In term®f money orsecurity, however, there mayell have
been a significant payoff. Thelast of thefive obtaineda tenured
position inresearch partly because halreadypossessed his own
independent capital. This was sigfent, when taketogethemith his
stay in the laboratorytp be exchanged forenure:"There is no doubt
that it helped méremendously'(lV, 98).

GROUP STRUCTURE

From the point of view of the production &dts, a group can be
thought of as theesult of theintertwining of several trajectories.
Group organisation can thi interpreted in termef the accumu-
lated movesand investments of its members. The conjunction of
participants' trajectories makap a hierarchy ofadministrative
positions. Outaboratorygroup ormed an almost perfeatdministra-
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Table 5.2
- Scientist Before During After Conversion
G 0 13 0 business
S 0 8 0 teaching, business
F 2.5 36.6 0 better research position
U 0 10 0 industry
A% 14 22 - better research position

tive pyramid. A wide bse of fifteen unqualifiedtechnicians was
headed byfive seniortechnicianswho, inturn, were responsible to
eightprofessional@searchers (Ph.D. holder$hesesightcomprised
five assistahresearchprofessors , two associatesearctprofessors,
and one full professor(who wasalso director)*®

The sociologicalfunctions corresponding tdheseadministrative
positionsrelated directly to theart played by eacimdividual in the
process of facproduction. We saw in Chaptet that thefield of
releasingfactors isboth capital and labauintensive. Thusinforma-
tion was obtained from kio- or radio-immunoassaywhich typically
occupiedseveralindividuals forweeks at aime. We saw irChapter 3
how someof the difficulties of this kind of work were met by the
accumulation in onglace of a largavorkforce, body ofskills, and
equipmentPart of the work was automated lapour-saving machines,
such as thewutomaticpipette andautomatic counterd-or the most
part, thetechnicians wereesponsible for thisvork, whichprovided
data to be used in trerguments of thecientists.

A technician'sstatus depends dhe extent orange of operations
with which he isconcerned. Thus, the statugethniciansvhose job
is merely to washglassware isignificantly lower thanthose of jobs
entailingresponsibility for acomplete processuch as the Edmann
degradation method for peptidequencing, or for a@ntireinscription
device, such as thhuclear MagneticResonancespectrometer or a
radioimmunoassay (see Ch. &t intermediarystatuslevels, tech-
niciansspecialise in on®r more routine tasks, such as the care of
animals or pipetting.

This distinction is noalwaysvery clear,however, paitularly in
caseswhere techniciangssumesome of theresponsibilities of the
scientists.Bran, forexample, a techniciawhose nameappears on
publishedpapers, commented:
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I know moreabout isolationchemistry than X (acientist)
[Whenasked why he was abouti&ave thegroup, Brameplied]: | amblocked
here, lguess . . . Yes, | loveesearch. | really love it, and it's whyhose to
comehere . . . but | anblocked. Idon't have thebility to get a Ph.D.
Q: The ability or the possibility?

A: Nothe ability . . . taloresearch yomeedimaginationoriginality. ... |

cannotreachthat level . . .it'sextremely crowded, and how could | get a
Ph.D. here these days . . . it's nibte money. | am better payelan

Y. .. .Also, | guess | donwant tobecome auper-tech . . . yes, you
know somebodwith aPh.D. but whaloes not do angnental work. . . .

| could see moréhan a few who arsuper-techs, here . . . maybe its the
IQ, I don't have the 1Q for doing researchddn't want tostruggle for
years for getting &#h.D. aml afterthatjustbeing a super-tecfiV, 88).

Unlike scientists,technicians did not normallpossess thénitial
capital of credibility(a Ph.D.)which could be used t@ain further
credibility. Althoughtechnicians werdessinterested in cashing and
reinvestingscientific credibility thanin a salary, they showed an
intenseconcern for thedistribution of cedit and for the wording of
acknowledgments. Irconomicterms,techniciansvere more akin to
workersratherthaninvestors. Theisalaryrepaidtheir labour, but it
did not constitutecapital whichcould be investedThis is not to deny
their use of varioustrategies tiwettertheirpositions, for example, by
moving to another laboratory. But sucmoves couldneversecure
parity with investors whpossessed a Ph.D. Thiswhy no less than
five youngtechnicians left théaboratoryduring our study irorder to
follow courses towards Ph.D. With thisinitial qualification, tech-
niciansexpectedheir work to bring both galary and amncrement in
credibility which could befurther invested*®

Bran saw"super-techs" agjualified scientists whosimply carried
outroutine work for others. Indeed, laegued that Ph.D.would have
been ofittle use snce many ofthe scientists with.D. sspentmost of
their time doing the work of technicians. FoBran, the difference
between dechnician and dsuper-tech" wasnsufficient tojustify an
investment okeveral year$iard work. Whathen characterises the
supertechniciarPh.D. holders?

The citation histories of theeight scientists irthe laboratory are
markedly different. Three scientists received an average of 150
citations ayear andheremaindereceivedabout 50citations ayear.
This difference, betweemvhat havebeen termed "major anchinor
leaguers" (Coleand Cole,1973), iseven moe strikingwhen welook
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atthecitationspectra ofndividuals'publications(Figures5.2a,5.2b,
and 5.2c). Eachspectrumreveals theextent ofcitation for each
paper citednore thartwice in oneyear.Citationspectrahusindicate
the span of a participant's czar, the repartitionf effort andsuccess
andthe obsolescence of each paper. &ample, F'spectrum (not
shown) indicates that he receiveidations for only oe paper. A, on
the otherhand, had a healthgpectrum (noshown)eventhough he
received arelatively small total number ofcitations. Thisdifference
exemplifies the diffeence betweereaders(major leaguers) and the
supertechniciangminor leaguers). Onaverage,minor leaguerswere
better paid thatechnicians and they tended toforst authors orpapers.
Thesepapers wereited, but thissmall amount ofredibility was insuffi-
cient to provide the authowgith resources, such asdependenspace or
grantmoney.Thus,minor leaguers made points in thierature asvell
asproducingdata. But the production of datsually resilted fromdeci-
sionstaken bymajor leaguers. Minor leaguesgtup complicated bio-
assayssynthesizegheptides and collaborated with othersenasked to
do so. This provided them with opportunities to write a paper, but the
mainmoves were made lifilose on whosmitiative thepeptidebioassay
was setup or the collaborationvas effected in thefirst place. Between
1970 and 1975 the #najor leaguersvrote 100 papers dast authors and
received 8.3 citations pegraper infollowing years,while the 8minor
leaguersvroteonly 70papers and receivesbvercitations pepaper?’

Another keyfeature of the hierarchy ithe extent to whichpeople
areregarded aseplaceable Since thevalue ofinformation isthought
to depend on it®riginality, thehigher a participantin the hierarchy the
lessreplaceable he ithought to be. Supertechnicians aeen as less
easilyreplaceable than godéchnicians, who are seen as lessy to
replacethan routine workers. But the glasswasher and the gardener
can be changedwithout affecting theprocess of factmaking. For
example, one of themajor leaguers commented on theminent
departure from thdaboratory of one of thesupertechnicians in the
following way: "of course, we will use a&ynthetic chemist ofome
sort."

According to thisrespondent, anothendividual could fulfill the
function of providing substances just as efficiently as dieparting
chemist. At thesane time, thisrespondentegarded her own work
quitedifferently; but for hepresencdess newinformationwould have
been poduced:® It is difficult to account for thecareers of thesight
minor leaguers bysaying thattheir investment in a field hadeen
effective, becausesupertechnicians worknainly for others and tend
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Figure 5.2a
The extended reception of a scientist’s work can be illustrated by a
“spectrum,” which draws both on the number of items published by a
scientist (as first author) and also on the impact of these items in terms
of received citations. Articles are represented at the time of their pub-
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lication by a point on the vertical time scale; if they are subsequently
cited more than twice, articles are represented by a circie. The citation
history of each article (source: SCl) is denoted by vertical bars pro-
portional to the number of citations received in a given year (horizontal
time scale). The spectrum thus provides a graphic summary of individual
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scientist’s careers. C (Fig. 5.2a) can be seen to have enjoyed relatively
little success in articles published between 1967 and 1975. B’s spect-
rum (Fig. 5.2b) reveals rapid aging in that his more recent publications
have attracted little attention. By contrast, E (Fig. 5.2¢) has a healthy
spectrum, with nearly all his recent publications enjoying citation.
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not to effect substantial gains in capitaDn the contrary,they are
unable to buyositions or grantnoney. They carhowever, lend their
skill to aninvestigator, inexchange for a secugosition and some
nonmateriakatisfactions. Thethuscirculate on thenarket in a similar
way to senior technicians.They are hired, notbecause otheir
originality, but on therecommendation of amvestigator fortheir
reliability in producingcertain types of datavhich areneeded by
another investigator in ordés make new points.

The leaders othe laboratoryhave tocreateoriginal information.
Oneofthem, the chairman, can hire technicians, seidntists to work
under him. He hasufficientcapital ofcredibility tomake unnecessary
its directreinvestment in bencliork. He isacapitalist paexcellence,
since he carsee his capitalincreasesubstantiallywithout having
directly to engage inthe work himself. His work is that ofull-time
investor. Instead gbroducingdata andmaking points, he tries to
ensurethatresearch igpursued in potentiallyewardingareas, that
credible data are pduced, that the laboratorgceives tk largest
possibleshare otredit, money and collaboration atiat cowversions
from one typeof credibility to another camccur asswiftly aspossible.

GROUP DYNAMICS

In order tounderstand thdynamics of thegroup wehave to look at
the history of itsinvestments, aseconstructed froncurriculum vitae
andinterviews.Occasionally, when aanthropologist iducky enough
to witness the disintegration otdbe and thesubsequentreation of a
newsettlement, he caratch a glimpse ¢hoserules ofbehaviour that
remain hidden duringeriods ohormal activity. Bychance, our study
of the laboratorycoincidedwith the negotiation of e&completely new
research contract andith the disbandment of thgroup. Before
turning to this,however, let udook briefly at the wayin which the
group haddevelopedbefore thetime of our study.

Between1952 and 1969, @ccumulated #arge capital o€redibility
by occupying a unique positionNthe releasirfgctor area. This
position hinged on hissuggestion of methodshich were still in use
sometwenty-five years later, and on himposition of a certain set of
rigorousstandards (Ch. 3). Gthe basis dthis, he waslected to the
Academy of Sciencegeceived aseries ofprogressively larger grants
and managed to persuade a chemist (B) witgoad career already
behind him to join tk group. At the samé&me, C trainedwo young
students, whesubsequentlypecame his pre- and theost-doctoral
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fellows. Thecollaborationbetween C and B paid off ih969,with the
solution to astructure.This brought the groupnmensecredit. Calso
invested substantial effort ithe isolationof anothersubstance with
implications for the problem of birtltontrol. At this point the
possibility was raised of settingp a completely new laboratory with
three timesmore personnel and whavas described as'the best
equipment in thevorld.” Thepotential application of the results of the
kind of researchbeing conducted by Qtogether with hisexisting
credibility and thegroup's success, all made possible a setttement

at the institute.

Between1969 and1972, thenumber ofcitations received by the
group increased. As aesult of his workin chemistry,B received
substantiatredit andoecaméhead of a neviaboratory with a team of
three senior chemists. E benefitédth from working in alarge
physiology group and from thexperience amformal leader of a team
oftwo (and latethree)investigators. Hisvork on the mode dctions
andanalogs ohewly characterisedubstances increaséds standing
in the field. Thewhole group wasorganised like amassembly line
producing aseries of new structureS.he structureof somatostatin
became dreshsource otredibility for thegroupbecause, bghance,
its synthesis was foundo have importantimplications for the
treatment ofliabetes Whereas Creceived anumber ofawards and
lecture invitations forthis work, B and E obtained whahey
considered a moramportant kind ofreturn: credibility. Although C
did little bench work hedevoted casiderableenergy to the exchange
of work done by theothers for grant money so asnm@intain orenlarge
production activity in the laboratori{hus, the relationship between C
andtheothers constituted a kind §bint account." As Gncreasingly
became thenationally knownfigurehead of thegroup, he didess and
less work on his own, and th@umber ofcitations to his papers
decreased (see Fig. 5.3).

Between 1972 and1975, the lack oBuccess in mducing a new
substance was aompanied by changes in theternalstructure of the
group. Several scientistdeft for opportunities elsewhere. B, for
example, saw hiaccess tavork in chemistry limited by theoncentra-
tion of hisskills in one particularesearch programme. Haptitude to
produce information decreased, as did theumber ofcitations he
received. Unable to renew hismpital, hebegan to see his position
weaken and histatus loweredgven though hisacademicposition
remained unchanged. Two ofetlyoung supertechnicians, H and G,
adapted easily to theoutine of thesecondresearch programme (the



200

100
f. Y L .... ..o
69 70
Figure 5.3

The SCI was used to determine the total number of citations received
by each member of the group per year, starting in 1969 when the group
took on its present shape. Unlike Figure 5.2, this computation does
not take into account which article is cited. Nevertheless,a compari-
son of the curves gives a rough approximation of the weight of the
scientists. The crossing of the curves in different years corresponds
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production ofanalogs). They took overesponsibility for the pro-
duction of analogs tile still maintaining anauxiliary role in the
work of the physiology section. With his increaseddibility, E took
over thephysiologysection andecame to be seen as thiicial boss
of its operations. Amultimillion dollar contracwith a federalagency
wasdrawn up to guarantdaboratory work indiabetes, bith control,
and CNS effects for fiveyears. It wasC's signaturewhich made the
contractbinding, eventhoughthere was tacit undstandingthat E
would direct thescientific work. Atthis point, C'scapital (interms of
citations as firsauthor) was at low ebb while E had by far tireatest
(Figure 5.3). E, A, H, and lofmed thenucleus of a newgroupwithin
the laboratory.

It wasatthistime, in 1975,that the present study begaargely as a
result of C'sinvitation to study epistemology and biology and to see
"the wayolderscientistsleave agroup and leyounger scientistsake
over." Butinstead ofleaving thelaboratory in order tdurther his
position in thecredibility circuit, C reinvested hisme andenergy in
bench work. In the face of maigkes and thdotal scepticism of his
colleagues, he set twork in amongst theglassware, columns and
bioassaystather like a newpostdoctorafellow. Obviously,this work
utilised the immenseesources ofthe group. Butdarried out the work
on his own. He chose tanvest threemonths work in a pyblem he
regarded as strategic: the isolation asfthracterisation of a new
peptidewhich displays the same activity apiates. Thigroblem had
already been tackled in other fields, such aspharmacology and
neurobiology. BuiC decided that bylrawing on theesources of the
laboratory, he coul solve the problem irthree months, using the
classicakechniques of islation chemistry anghysiology.According
to C, other investigations of #problem hadeenuninformed:"These
people do noknow whatpeptide chemistrys." As it happened, he
succeeded in producing te&ructure in a littlenorethan threamonths,
despite the fact thditis competitors had spes¢veral years on it. This
research effort hagrofoundeffects of the grouptructure!® The new
substance, whichouldthen beproduced in largguantities (byirtue

closely to changes in group structure as  revealed by interviews. Espe-
cially strik ing is C's comeback after 1975, the slow elimination of B, E's

continuous ascension, and the lingering diff erence between the "big

shots" and the "minor leaguers." However, itis only by com bining this
diagram with the individual spectra th  at a full idea of a career can be
provided.
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of the second research programme, (see pp. 61ff), was of great
significance both for pharmacology and brain chemistry, which were
then boom areas, and for problems of drug addiction and mental
illness. Because these enormous interests were at stake, C's position
was completely transformed in the space of six months. In September
1975, he was an old "has been" who wanted to retire. By the following
March he was the most sought after member of the group, not because
of his past prestige, but because of his fresh credibility in the new field.
The dramatic increase in C's citations in 1976 (Fig. 5.3) was entirely
due to his new work.

This new move completely disrupted the existing contract by which
C obtained the rewards, but the others gained credibility. At the same
time, discovery of the new substance established a much stronger link
between brain study and endocrinology than had releasing factors,
despite the greater interest of the latter for endocrinologists as
compared to neurologists. The new substance aroused intense interest
among brain scientists, especially those newly established in a nearby
laboratory. Thus, on the basis of only a few months' work, C found
himself admirably positioned in a new field. B and E, on the other
hand, found themselves in a rut. They continued to write papers on
classical releasing factors with progressively diminishing returns (Fig.
5.2b and ¢). C no longer wished to retire, finding himselfin a position
similar to that at the start of the TRF story.

This example of a sudden change in position highlights the sense in
which credit and reward are important to scientists. C invested all his
credit as resources in a new area. Largely by means of telephone
contact with a number of other laboratories he launched large-scale
investigations, exchanged substances, sera, and new data within the
newly defined subfield. By virtue of his contacts with Parine (see p.
196) he became a member of an entirely distinct invisible college.
Other research efforts in the group were eclipsed by the spectacular
success of the new substances. Equipment and technicians were
increasingly mobilized to assist in the new task. C and others realised
that the entire laboratory capacity could easily be invested in an area
potentially much more rewarding than releasing factors. However, A
began increasing his investment in a set of new substances of only
marginal significance for the main programme, in an attempt quickly to
increase his returns. The corporation was breaking up. A new contract
had to be defined.”

By comparison with the issue of production strategy, factors such as
personality or the "point d’honneur'played a relatively minor part in
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the long series of conflicts which accompanied the break up of the
group. For five years, the group had existed on the basis of an
agreement between three senior investors to work on the same problem
at a time when this represented a highly efficient means of subscribing
to a given paradigm. With a change in both the field and individual

strategies, however, the situation had to be modified. The equipment,
money, and authority which made up the dead capital of the laboratory
had to be redistributed. B was eliminated and bankrupt. F and A formed

a new group with their supertechnicians H and I. Their problem was to
decide how and where this new group could settle. The credibility of
this new group attracted good offers (chairmanship, lab space,
endowment) from several parts of the country even though none of
these matched the situation in the laboratory before the success of C's
changed strategy. For his part, C felt sufficiently confident in his

ability to acquire new capital that he could envisage being left by the
group from whom he had obtained his past credit and starting again

with a new group of young postdoctorates.

The complexity of the relations between the members of the group
and of their appraisal of the definition of credit, became particularly
clear once the group had actually split.*' C was compared to a
capitalist in that his full-time activity was to manage his capital and not
to work directly to produce credible data. As we have seen, however,
his hired hands were also investors in the same market. They could
thus become direct competitors of C. This is exactly what happened. E
decided to cash his credibility. Quite unexpectedly, he found his
credibility sufficient to secure from the same institution a grant
enabling him to equip a laboratory exactly similar to the one in which
he had been working. He then became head of a group, hired his own
staff and secured around him the same equipment that C had before. In
economic terms he founded a rival business and employed H, I, A, and
most of C's technicians. Figures 5.2c and 5.3 show E's citation curve
(together with the newcomer A, and the supertechnician H) to be
regularly ascending. B's situation was very different. He was unable to
cash any credibility within the field and was forced like Sparrow, to
liquidate his assets and go into teaching (Fig. 5.2b). C was left with a
large amount of dead capital (in terms of equipment), a little money,
but no workforce. He now had to find a new source of points to make in
order to activate the mass of former investments incorporated in the
laboratory.
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The production of credible data, as weaveseen, is one way of
activating tte credibility cycle and of setting imotionthe "business of
science" or,as Foucault(1978) puts it, "thepolitical economics of
truth.” Later, scientists may strive tashcredibility in their own
name.They maythus say theyhave haddeas"(pp. 169ff), that it is
"their" laboratory, and that is they whtave managed to attract
money and equipment in thaterests of securing thigasis fortheir
operations Fromthis point ofview, they are notinlike businessmen.
At the sametime, however, they armerelyemployees of the federal
government. No matter howxtensive, theirscientific capital can
neither besold norbequeathed and ontarely can itbe exchanged for
monetary capital. Agraftsmen working tgroducetheir owndata,
they are concerneatore or lesexclusively withtheir ownaccounts.
But if they are not careful, they can end up asmployees or
supertechnicians. It ialso possiblehowever, that they camecome
independent, and with luckmployershemselves. At the same time,
theythemselves remaiemployees, in theense that they apayed to
manage the loan of private taxpayemoney which ident them. The
scientists weobserved were thus caughetween tw overlapping
economicalcycles: they constantly had tomanage their capital in
order to gethingsgoing; but at the sanmtéme they had to justifyheir
use of the money and confidenaghich they hadborrowed.

In a successfulaboratory there isikely to be constantexcitement
aboutfinding newstatements, proving theraxtending theiinfluence,
setting up nevinstrumentsgashingcredibility, ard reinvesting it. The
tension of a battalioheadquarters at war, or of an executive room in a
period ofcrisis does notompare with the atmosptesof a laboratory
on a normalday! Thistension isdirected towards theecretaries in
efforts topersuadehem to typemanuscripts in timendtowards the
technicians to effect theapid order onimals andupplies and to the
carefulexecution of routinessaywork. Ofcourse,similar pressures
canbefound in anyproductionunit. More unusualhere is thathese
pressuredorce investigators to be credible. On omand, scientists
withstand theconstraints of an investor who éentinuallyobliged to
reinvest if hedoes notwant tolose hiscapital. On the othelhand,
scientists sffer the constraints of ammployeeconstantlyrequired to
account for the monejent him. By virtue of thisdouble system of
pressures, auscientistsremainedtrapped in thelaboratory. If a
scientiststopped doing new expenents,occupying newpositions,
hiring new investigators, and generatingew statements, heould
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very quickly become a "has been." Hisant moneywould bestopped,
and, save for anytenured position or niche he had previously
established fohimself, hewould be wiped out of the game. It is
possible teexplain hisbehaviour interms of'norms" or thequest for
recognition, but it may not heecessary. Economforces tie down the
researcheboth as anindependent capitalist and as an employee; in
this position it is easgnough to squeeze him asto extract a fact?

NOTES

1. In this chapter we usdoosely stuctured interviews(many of themtape-
recorded),publication lists, curicula vitae, grant proposals, and othetocuments
provided byparticipants.Valuable data were als obtained througltparticipation in
someof the conflicts anddynamics of thegroup. Ourexplicit treatmentof individual
careerchoices in thichapter has nessitated ourakingvarious precautions, such as
changingnames, datesnitials, sex andubstances owhichresearchers work in order
to protect theanonymity ofthose concerned.

2. Even in the smallgroup studied here, therepresentations of the world, or
ideologies differ markedly.Although we didnot study thesesystematically, weayed
attention towhat Althusser(1974) calls tre "spontaneouphilosophy of scientists";
onehadatypically positivistic representation of scienberrowedfrom ClaudeBernard
(1865); aother had anystical view ofscience andinked his work to adindamentalist
approach to religion; &hird had a business-like view of his activity ahdld to the
epistemology of anouveau riche;a fourth worked with an economical model of
investments; the fifth of theenior members iguotedhere.

3. A major problenmofthis programme is the pressuegerted byinformants on the
observer tamcquire thanformation theythink he wants to hear. This is why we heard so
many storiesabout the politics of the laboratory and why we decided not tosush
stories.Behind thesestories wee very clearstrategies ofnvestments, theresence of
the observerbeing used as eesource byhich memberscoulddetermineinvestments
andthe nature ofothers'reactions.

4. Much of thisdiscussiondrawsheavily on the wdt of Bourdieu (972; 1977).
Thereason for this isimple:economicanalyses agfcience have limitethemselves to a
consideration of large-saalfactors, everwhen carried out byMarxists like Bernal
(1939) Sohn Rethe{1975), androung (nodate). Only by introducing the notion of sym-
bolic capital (ofwhich economic capital is only subset), it igpossible taapply economic
arguments to noneconomiehaviour (Bourdieu, 1977). See alkaorr (1978) and
Bourdieu(1975b) for adirect application toscience.

5. Anotherexample of conversion cape found in Hoagland'sreminiscences:

At Harvard,GregoryPincus and | hadeceived ouPh.D. degrees in 1927 and
had becomewarm friends. He had remained as an assisfaofessor in
Crozier'sdepartment after left, butafter two 3-yeaterms his appointment was
notrenewed despite hisrilliant work. | waseager to have hijoin me at Clark
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andtogether we raisedufficient funds fromvarious outsidesources to make it
possible for him to come asvésiting professor. By 1936 hkad published his
book, The Eggs dflammals, andilso anumber opaperswhichreported for the
first time successfupathogenesis inmammal, i.e., rabbstthat hadmothers but
no fathers. This received mudttention fromboth thescientific andlay press,
but it was metby lessthan enthusiasm by sonm®nservativemembers of the
University. Ifound Pincusinterest and knowledge sferoidhormonesxciting.
He had already developeidnproved methods ofdleterminingurinary steroids
and applied these to endocrinpgoblems(Meites etal., 1975).

Each sentence relates the conversion between one fororedibility and
another. Thus we read how diplomasgcial relationships positions,money, credit,
interests, andconvictions interchangeddoagland did nosimply rewardhis friend
Pincus. Rather, heeeded hisechniques and hisleas and sbacked them and tried to
convinceothers tofund theventure.

6. Onemain advantage of thaotion ofcycle, is that ifrees usfrom the necessity
of specifying the ultimate motivatiomehind thesocial actvity which isobservedMore
precisely, one mighsuggestthat it is the formation of arendlesscycle which is
responsible fothe extraordinarysuccess dagdcience Marx's (1867: Ch. 4fomments
on the sudderconversion from usealue to exchangealue, could well apply to the
scientificproduction offacts. Thereason so manstatements arproduced ighateach
is without use value, but has aexchangevalue which enables conversion and
accelerates the reproduatiof the credibilitycycle. Thisview also has implications
for the so-called elationsbetweenscience andndustry (Latour,1976).

7. This istypical of thedouble standard acfomeanalysts of sciencéeWhen a
businessmarmgives up and sells &ankrupt company, this is taken as abvious
manifestation ofjreed andnterested motives. However, whenscientistgives up a
dying area or aiscreditedhypothesis(which meansthat no one igoing to "buy" the
argument any more), this onsidered as aimdication of conformity to thesthos of
scientific disinterestedness.

8. As notedearlier, thelaboratorychosen for oustudy wascharacterised by an
almost pahtological concern for cedit. It becameclear, however, that thépoint
d'honneur” of credit receipt was nofitself at stake Because of themodification of the
field, eachparticipantadopteddifferent strategies: the struggleoncerned, notredit
but space, research programmes, agdipment. As long ashey agreed orhese
points there wadittle quarrelabout whoreceived credit. When thediffered onthese
points, the tangible focus ofconflict was abitter argumentaboutcredit sharing.

9. This comparison isiable in so far as theotion of economics is not restricted to
thecirculation of money. Ishould beextendednstead to alkctivitiespermeated by the
existence of avalueless capital, the solpurpose ofwhich is accumulation and
expansion.This differs from the effortsof the ChicagoSchool toportray activities in
economicterms even where no capital is involved. Thimk between thescientific
production of facts and modewapitalisteconomics igprobablymuch deeper than a
mererelation.

10. A relatedproblem is theextent to which thecientists' activities wportray are
conscious ancexplicit strategies. This is a probleme cannot resolve irabstract
becauseachscientist isalsoengaged in a debate to mdkgical,explicit, ornecessary
his career'schoices. We do not wish to say thatientists are "reallyinterested
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although they do now avow it, tnat they ag "really" determined by théeld although
they think they havesomefreedom and merit imaving chosenthis or that way. We
leave questions like thaotion of motivationsentirely open topsychologists and
historians. Somecientists try to she that it wastheirconscious decision thoosethis
subject,while simultaneously angng that acolleaguecould not dootherwisebecause
thetime was ripe On anotheccasion the sameformant may try to persuade you that
hewas not conscious at all and that it wasne kind ofrtisticintuition, only to inform
you afew dayslaterthat the wholghing was quitdogical and that he did not haweuch
choice. Thisconsideration ismportant because weertainly do not wish to propose a
model ofbehaviour inwhich individuals makecalculations inorder tomaximize their
profits. This would be Benthamianeconomics. Thequestion of thecalculation of
resources, ofmaximisation, and of th@resence of théndividual are soconstantly
moving that wecannot takehem as oupoints ofdeparture.

11. Theword field is used hersimultaneously taenote the sense of aisntific
field and toconvey the idea of an "agonistiteld.” In this secondsense,"field"
(Bourdieu'sterm in French is"champ") denotes theffect on anindividual of all others'
moves andclaims ratherthan astructure or arorganisation. Inthis way it is not
dissimilar to thesense of anagnetic fieldor to similar uses inphysics(magnetic fields,
field theory, and so on).

12. Ouruseof abattlefieldanalogy isperhapsvarranted both by theerm field and
by the frequent usef military metaphors bgcientistehemselves (see for example, Ch.
3, p. 130). Although we provideno quantitativeevidence, ourmpressions aréhat the
most frequent use ahetaphors in the laboratory wésstly epistemological"proof,"
"argument," "convincing," and soon), secondly, economic, thirdly, battlefield
analogies, andinally psychological ("pleasure," "effortsand "passions").

13. As recently argued byourdieu at a Parisymposium, thenotion offield is
understandablenly if one takes intoaccount that thenature of motivations, the
existence oparticipants, and theonstraints of thdield are allthemselves astake in
the field. Our argument should in no way lmnstrued as an attempt tesuscitate a
structuralistposition. Anintroduction to thisdebate can bgained fromKnorr (1978),
Gallon (1975), andLatour andFabbri(1977).

14. In one sensethis entirechapter can béaken ascommentary on the frequent
utterance of ouparticipants:"That'sinteresting" (se Davis, 1971).

15. The group ofechnicians has a highirnover; they ar@onunionised antiave
no long-termcontractstheir salariesanges fron$8,000 to$15,000junior doctorates
with no contracts arepaid betweers12,00 ad $20,000;assistantprofessors with
contracts argpaid approximately$25,000;associateprofessors witltenure arepaid
approximately$40,000. Thesalary of thehead of the group, who hésnure angome
power over the space, imknown.Thus, the salaries are nstrikingly differentfrom
those innonscientificcompaniesMore importantly, participants'salaries arensuf-
ficient to enable theaccumulation of monegapital comparable tscientific capital.

16. Seventechnicianswere interviewed(threetape-recorded) judieforethey left
the laboratory Their importance in theroduction ofacts isusuallyunderestimated.
However, since our maiconcern is theredibility cyclerather tharothermoregeneral
aspects ofaboratorylife, we shall not use thignterview material here.

17. Thisdifferencewould be larger bufor the generoupolicy of allowing minor
leaguers to assumférst authorship.
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18 As we mentionedearlier, thestruggle fororiginality is at theheart of fact
production. Thus, foparticipants, thequestion "How oiginal am |" was thesame as
"How valuable is myinformation "

19. Thanks to the SC{Small, privatecommunication) we are able tmnfirm that
asearly as 1977, C wagsart of a"cluster” withwhich none ofthe classicatembers of
neuroendocrinology waassociated.

20 This was tke situation upuntil 1977 Seebelow

21. This is based on a very briefund offollow-up interviewscarried out in 1978.
Theresults okvents in the recemiast is asubstantiathange irthosecharacteristics of
the laboratory describeidd Chapter 2.Most of theequipment is stilthere, but only two
ofthe old participants emain Moreimportantly,although thdaboratory waoriginally
fitted out for the production afertain types of fact, it nowppears that eval laboratory
is about toflood themarket withfacts constructedlongsimilarlines. Thequestion for
participants is how thequipmentdescribed inChapter 2 can besed indifferent ways
andin differentareas. For reasonsggace, we argnable to relaté¢hese developments
in detail. Suffice it to note that thebject of ourstudy was a veryinusual fitbetween a
group,spaceequipment, and a set pfoblems. Thearticularsituationwhich allowed
us to see many features of factonstruction wasxtremelyunusual and may not be
repeated.

22 Scientists'final realisation ofcapital, throughtheir movementinto clinical
studies,industry, anctulture, is not examined here. Itdkear,nonetheless, that the sum
ofinvestments in the credibilityyclerequires eventualjustification This is evident, for
example, inscientists'presentation of grargroposals.
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Chapter 6

THE CREATION OF ORDER OUT OF DISORDER

In examining theconstruction offacts in a laboratory, we have
presented th@eneralorganisation of the efting as constituted by
someoneunfamiliar with science(Chapter 2); weshowed how the
history of some of the laboratoryachievementsould be used to
explain thestabilisation of ¢hard" fact(Chapter 3); wehenanalysed
some of themicroprocesses bwhich facts areconstructed, looking
especially at thparadox of theerm fact(Chapter 4); we then turned
totheindividuals in thdaboratory in an attempt tnakesense both of
theircareers and the solidity oftheir producti@hapter 5). In each of
these chapters weefined termsvhich were ofenin contradistinction
with those used bgcientists, historians, epistemologists, andaoc
ogists okcience. Wehall nowsummarise theariousfindings ofthese
preceding chapters in aattempt more syematically tolink the
different caoncepts used. At the santiene, we shall revieveome ofthe
methodologicaproblemsencountered so far. Will not haveescaped
the reader's notice, f@example, that a major probleanisesfrom our
contentionthat scientific activity comprises theconstruction and
sustenance dfictional accountswhich are sometimestransformed
into stabilisedbjects. Ifthis is thease what is the status of our own
constructed account aftientific activity?

235
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In the first sectia ofthis chapter we summarigbe argument sdar.
Instead of simplyfollowing thepresentation of thpreceding chapters,
however, weidentify six mainconcepts usedhroughout and show
briefly how they are related’hisleads us téhe secondsection.Here
we introduce oe further notion, theconcept of order frondisorder,
which enables us to situate our argument in there general
framework ofsociology ofscience.Finally, in the third section, we
compare our own accouwith those ofthescientists whosactivity we
claim to haveunderstood.

Creating a Laboratory: The Main Elements of Our Argument

The first concept used in ouargument isthat of construction.
(Knorr, in press). Construction refets the slow, practical craftwork
by which insriptions aresuperimposed and accounts backed up or
dismissed. Itthus underscas our contentionthat the difference
between object and subject or thedifference between facts and
artefactsshould not be the startingoint of the study ofkcientific
activity; rather, it is through practicalperations that atatement can
betransformed into anbject or a fact into aartefact. In theourse of
Chapter 3, foinstance, weollowed thecollective construction of a
chemical structure, andhowed how,after eight years of bringing
inscription devices tbear on theurified brain extractsthe statement
stablilisedsufficiently toenable it to switchinto anothemetwork. It
was not simply that TRias conditioned bysocial forces, rather it
was constructed by anmtbnstituted througimicrosocialphenomena.
In Chapter 4, washowed hovstatements are constaynthodalised and
demodalised in theourse ofconversations athe laboratorybench.
Argumentbetween scientistsransformssome statementsnto fig-
ments of one'subjectiveimagination, andthers intofacts ofnature.
The constantfluctuation ofstatements’ facticityallowed usapproxi-
mately todescribe thalifferentstages in theonstruction ofacts, as if
alaboratory was a factorwherefacts wereproduced on amssembly
line. The dZmystificationfthe differencebetweenfacts and artefacts
wasnecessary for our discussion (at the eh@hapter 4) ofthe way in
which theterm fact cansimultaneously mean what fabricated and
what is not fabricated. By observimgtefactconstruction, weshowed
thatreality was theconsequencef the settlement of alispute rather
that itscause.Although obvious, this point has been overlooked by
many analysts afcience, whdave taken thdifferencebetweenfact
and artefact asgiven and missthe processwhereby laboratory
scientistsstrive tomakeit a given'
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The secondnain conceptwhich we havausedconstantly, is that of
agonistic(Lyotard, 1975). Iffacts are constructed through operations
designed toeffect thedropping ofmodalitieswhich qualify a given
statement, and, moimportantly, if reality isthe consequeraather
than the cause ofthis constructjéims means that a scientiséistivity
is directed, not towardreality," but towardthese operations on
statements. The gutotal of these operations the agonisticield. The
notion ofagonistic contrastsignificantly with theview that scientists
are somehow concernedith "nature.” Indeed, we havavoided
using naturéhroughout our argumengxcept in sowing that one ofits
currentcomponentspamely thestructure of TRF, has beeaneated
andincorporated in ouview of thebody. Nature is a usableoncept
only as a by-product adgonisticactivity.? It does not helpexplain
scientistsbehaviour. Anadvantage of thaotion of agonistic is that it
both incorporatesmany characteristics ofocial conflict (such as
disputes, forces, andlliance) and explaingghenomenahitherto
described irepistemological termésuch agroof, fact, andvalidity).
Once it isrealised thatscientists'actions areorientedtoward the
agonistic fieldthere is little tdegained bymaintaining the distinction
between thé'politics" of science and itstruth"; as we showed in
Chapters 4 and 5, the saftplitical" qualities ae necessary both to
make apoint and toout-manoeuvre @ompetitor.

An agonistic field is inmany ways $milar to any other political
field of contention.Papers ardaunchedwhich transformstatement
types. But themany positions which already make up thefield
influence thelikelihood that agiven argument willhave aneffect. An
operation may or may not teuccessful depending on tmeimber of
people in thdield, the unexpectedness of theint, thepersonality and
institutionalattachment of thauthors, thestakes® and thestyle ofthe
paper.This is whyscientific fields do not display therderly pattern
with which some analysts of science likéo contrast thedisorderly
tremors ofpolitical life. The fied of neuroendocrinology thusom-
prises amultitude of claims and mangubstances exist onlipcally.
Forexample, MSHeleasingactorexists only inLouisiana, Argentina,
and one place inCanada, and in onether in France;most of the
associatediterature wasconsideredneaningless by our informants.
The negotiations ato whatcounts as garoof or whatconstitues good
assay are no more or lesssdrderly than any argumerietween
lawyers or politicians.
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Our use of agonistic is nogheant to imply anyespecially wicked or
dishonestharacter attribute afcientists. Althouglscientistsinter-
action canappear antagonistic, it isever concerned solelywith
psychological opersonalevaluations oEompetitors. The solidity of
the argument is alwaygentral to tle dispute. Butthe constructed
character of thisolidity meansthat the agonistimecessarilyplays
a part in decidingwhich argument is thanore persuasive Neither
agonistic norconstruction have been used in our argument as a way of
undermining thesolidity of scientific facts; the reason for our nonrela-
tivist use ottheseterms will be clear in audiscussion of theéhird main
concept used in owrgument.

We have insisted on thienportance ofhe materialelements of the
laboratory in theproduction offacts. Forinstance, in Chapter 2 we
demonstrated hothe very existence of thebjects ostudydepended
on the accumulationinside thelaboratorywalls of whatBachelard has
called"phenomenotechnique." But thidlows us only to describe the
equipment ofthe group at opeintintime. At some earligpoint, each
item of equipment had been a contentious set of arguments in a
neighbouring discipline. Consequently, ooannot take for granted
thedifference betweetmaterial" equipment andintellectual" com-
ponents of laboratorgctivity: the same set of intellectuadmponents
can be shown to become incorporateas a piece offurniture a few
years later. Intheame way, the long amentroversiatonstruction of
TRF was eventually superceded by thappearance of TRF as a
noncontroversial materiadlomponent inother assaysSimilarly, we
briefly indicated, atthe end of Chapte5, how investmentsmade
within thelaboratory wereventuallyrealised irclinical studies and in
drug industries. Inorder to emphasise themportance of the time
dimension, we shall refer to ttebove process awaterialisation, or
reification (Sartre 1943). Once atatemenstabilises in thegonistic
field, it is reified andbecomes part of theéacit skills or material
equipment of anothemboratory® We shall returnlater to thispoint.

The fourth concept uporwhich we have drawn is that ofedibility
(Bourdieu, 1976). Weusedcredibility to definethe variousinvest-
ments made by scientists arttie conversions betweerdifferent
aspects of thelaboratory. Credibility facilitates thesynthesis of
economicnotions (such as moneybudget, andpayoff) andepiste-
mologicalnotions(such ascertitude,doubt, andoroof). Moreover, it
emphasises thatnformation is costly. The @st-benefi analysis
applies to the type dhscription devices to be employed, the career of
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scientists concerned, the decisigaken by funding agencies, a=ll|

astothenature of thelata, the form of paper, the typgofirnal, and to
readers' possiblebjections. Thecostitself variesaccording to the
previous investments iterms ofmoney, time, at energy already
made’ The notionof credibility permits thelinking of a string of

concepts, such asccreditation, credentials and credit beliefs

("credo; "credible™) and to accoun{sbeing accountable,"counts,”
and"credit accounts"). This providethe observewith anhomoge-
neousview of factconstruction andlurs arbitrarydivisions between
economic,epistemological, ahpsychologicalfactors®

The fifth concept used in ourrgument, albeéisomewhatprogram-
matically, isthat of circumstancegSerres, 1977). Circumstances
(that which sandsaround) have generallyeenconsideredrrelevant
to the practice ofscience’ Our argumentcould besummarised as an
attempt to demonstratbeir relevance. Our claim is notjust that TRF
is surroundedinfluenced by, in pardepends on, or is also caused by
circumstances; rather, vague that science entirelyfabricated out
of circumstancemoreover, it ispreciselythrough specificlocalised
practices that science appetvescape akircumstancesAlthough
this has alreadpeendemonstrated byomesociologistgfor example,
Collins, 1974; Knorr, 1978;Woolgar, 1976), the concept oifrcum-
stances haslso beerdeveloped from @hilosophical perspective by
Serres(1977). Chapter 2 is amnalysis of the ccumstances which
make stabl®bjects possible ineuroendocrinology; ChaptersBows
in which networks TRF is able toirculateoutside the laboratory in
which it was originallyconstructed; at thend of Chapte# we record
how the same holds true for thextension of somatostatin. Waso
point out inChapter 4 how dailgonversationgonstantlyfeaturelocal
or idiosyncratic circumstancesinally, in Chapter 5, we use the
notion ofpositions in order to account for tbercumstanciatharacter
of careers. Rathghan being atructure or an orderggattern,afield
consistsonly ofpositionswhich influence eacbther in a waywhich is
notitselforderly (see pp211ff). Thenotion of positionenables us to talk
about the'right" time, or the'right" assay, oin Habermas'$1971)
terms, to replace thkistoricity in science(Knorr, 1978).

The sixth and finalconceptuponwhich wehavedrawn isnoise(or,
more exactly, theratio of signal tonoise), which is borrowed from
information theory (Biillouin, 1962). Its application to an under-
standing okcientific activity is not new(Brillouin, 1964; Singh, 1966;
Atlan, 1972), but oumusage is verymetaphorical. Wehave not, for
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example,attempted taalculate theignal to noiseratio produced by
the laboratory. But whaveretained the centratlea that information
is measuredagainst a background efjually probableevents, or as
Singh (1966) puts it:

We measure the informatiocontent of a message any givenensemble
of messages by &logarithm of theprobability of its occurrence. This
way of defining information has anearlier precedentn statistical
mechanics wherthe measure of entropy isentical inform with that of
information (Singh,1966: 73).

The concept ohoise fitsclosely with ourobservations gbarticipants
busily reading the writtetracts of inscriptiordevices (se€hapter 2,
pp. 48ff). The notion okqually prdable alternativesalsoallowed us to
describe thdinal construction of TRF irChapter 3: theémport of mass
spectrometrylelimited the number girobablestatements. In Chapter
5, the notion ofdemand, whichallowed us to develop the idea of a
market forinformation and to permit theperation of thecredibility
cycle, wasbased on th@remisethat any decrease in ti@ise of one
participant'soperationenhances thability of anothemarticipant to
decreasenoiseelsewhere.

Theresult of theconstruction of afact is thatit appearsinconstructed
by anyone; the result of rhetoricadrsuasion in the agnostic field is
that paticipants are convinced that they have not been convinced; the
result of materialisation is that people canswear that material
considerations arenly minorcomponents of théthoughtprocess";
the result of theinvestments of credibility, is thatarticipants can
claim that economics arukliefs are in no wagelated to the solidity of
science; as to theircumstances, they simplyvanish from acounts,
being better left to political analysthan to anappreciation of théaard
and solid world of facts! Although it is unclear whethethis kind of
inversion is peculimto science!? it is so importantthat we have
devoted much of ouargument to specifyingnd describing thevery
moment atwhich inversionoccurs.

Havingsummarised the maiarguments of the preceding chapters,
it is important now teshow howthey are related because ttencepts
abovehave been borrowed fronseveraldifferent fields.

Let us starwith theconcept ohoise. FoBrillouin, information is a
relation of probability; themore astatementdiffers from what is
expected, thenore information itcontains. It follows that a central
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question for any participargtdvocating astatement in thegonistic
field is how many alternativestatements arequally probable. If a
large number careasily be thought of, theriginal statement will be
taken asmeaningless and hardbistinguishable frormothers. If the
others seemmuchlesslikely than theoriginal statement, thé&atterwill
stand out and beéaken asa meaningful contribution’* When a
laboratory memberreads a peak on an amino aadalyser, for
example(Photograph 9), hérst needs to ascertaimhether or not he
can convincehimself (orothers}? that the peak iglifferent from the
backgroundnoise. As we haveseen, thisdepends inpart on his
colleagues. Ihis claim, "look at thispeak," meetsvith theresponse,
"there is neak, it is simplynoise, you mighust as well say that the
peak isthis little blurr at theother side" (seePhotograph 8), his
statement has nimformative value (inthis context).

The sentencewhich threatens todissolve all saitements (and
careers) takethe conditional form!"but you might as well sapat it
is ..." and precedes a list agfqually probable statements. The
outcome othis formulation isoften the dissolution ofthe statement in
noise. So theobjective of the game is to carry out all possible
manoeuvres which migHbrce the scientist focolleagues) to admit
that alternativestatements are not equally plausible. Wscussed
sonre ofthe manouevres iBhapters 3 and 4. Owemmonmanoeuvre
is that of construction.By showing colleages, two,rather tharone,
peaks of an amino ac&halysis, or byncreasinghe distancdetween
the peak and baséine, the differencéetween thevarious possible
statementawill also beincreased.By being sufficiently convincing,
peoplewill stop raisingobjections altogether, and the statement will
move toward afact-like status.Instead of being a figment aine's
imagination(subjective), it willbecome a "reabbjective thing," the
existence of which iveyond doubt?

The operation ofnformationconstructionthen,transforms any set
of equally probable statements into a set wiequally probable
statements. Athe samdime, this operatio drawsupon theactivities
of persuasion (agonistic) and wafriting (construction) inorder to
increase the signal tooiseratio.

How can inequality beintroduced into a set @qually probable
statements in such a way theedtatement is taken to lseore probable
than all thealternatives? The techniquaostfrequently used by our
scientists waghat ofincreasing the costor others to raise emlly
probablealternatives. IrChapter 3, foexample, weshowed that the
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imposition of newstandards on thigeld ofreleasing factorgffectively
ruined competitors'efforts. Similarly, whenBurgus usednassspec-
trometry to mak a point, he made idifficult to raise alternative
possibilities because to dowould be to contest the wholepifysics.
Once aslide has been showwith all the lines of the spectrum
corresponding to one atoofitheamino acidsequence, no one is likely
to stand up and object.The controversy issettled. But if a slide is
presented whickhows thespots of ahin-layer chromatography, ten
chemistswill stand up and assetttat "this is nota proof." The
difference, in thesecond case, is that anfiemist careasily find fault
in the method used (but sd&e Donohue episode, 171).

This pointwould clearly be tautological but for tieentral notion of
materialisation oreification which we define earlier and can now
useatits best. The mass spectrometer isthiéied part of awhole field
of physics; it is an actugliece offurniture which incorporates the
majority of an earliebody ofscientific activity. Thecost ofdisputing
the generated results of this inscription device has been enormous.
Indeed, thisexplains byGuillemin and Burgustrivedfrom the beginning
to "get at themassspectrometer." In the case of tHayer chroma-
tography however, veryittle earlier interpretative workas beemeified.
Consequently, it is easy tmntest anytep inargumentdased on a
Chromatograph and faropose aralternative argumenOnce alarge
number of earlieargumentshave becomeincorporated intoa black
box,'® the cost ofraising alternatives to thebecomegprohibitive. Itis
unlikely, for example, thatanyonewill contest thewiring of the
computer shown ifPhotograph 11, adthe statistics onvhich the "t
test is based, or theame of thevessels irthe pituitary.

The operation dflack-boxing is madpossible by thavailability of
credibility (Ch. 5). Aswe arguedearlier, credibility is apart of the
wider phenomenon of credit, whichefers to money, authority,
confidenceand, also marginHy, to reward. The first question raised
when astatement igproposed, is how much treatement and/or its
author can be creditedihis question isdirectly analogous to the
guestion of cost mentioneabove: what sort aghvestmentsshould be
made so as tfabricate astatement of equglrobability to that of a
competitor? In amillion-dollar business lik the sequencing ofRF,
the chances are that nalternative statement ifeasible. Thecon-
straints are such that no investmerttuld possibly match those
already madeConsequently, statementghich ae alreadycredited
will be taken for granted. In additiothey will be used to make points
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in other laboratories. This is theature of the market defined in
Chapter 5No matterwhetherthis takenfor-grantedpeptidic struc-
ture takes theform of anonproblematic argument or ofiite powder
sample, the onlimportant question iwhetherborrowing it (orbuying
it) will make it more difficult for a competitor toconteststatements.

Of course, theconcepts ofost, reification, aml credithave to be
understood in the light of owgarlierargument:everything which has
been acceptedho matter for what reasonyill be reified so as to
increase the cost of raisimpjections. Foinstance, the standing of
one scientist might be such thatwhen hedefines a problem as
important, no ondeels able to objecthat it is a trivial question;
consequently, thefield may be moulded aroundthis important
question, andfunds will be readily forthcoming. In theDonohue
episode chemists' preference for tlemol form for thefour DNA bases
was stabilised andeified intextbooks, such that it was modéficult
for Watson to doubt it or simply tobjectthat the keto form was
equally probable. Theost-benefitanalysiswill vary according to the
prevailingcircumstancesso no general rules cabe established. The
style of anarticle can make it morgifficult for the reader noto believe
in it; thequalification ofstatements catisarmreadersbbjections; for
anotheraudiencedocumentation through the useadtnotes can add
conviction;competitors can even be silencediimprisonment ofraud
(Lecourt, 1976). Thenajor rule of thegame is to assess the cost of
investmentsomparedwith theirlikely return; the game is nptayed
according to a set d@thical rules,which asuperficial examination
revealst®

The portrayal reslting from the above combination ofconcepts
usedthroughout ourargument has one centré&ature: the set of
statementgonsidered toeostly tomodify constitute what is referred
to asreality. Scientificactivity is not"aboutnature,” it is a fiercéight
to constructreality. Thelaboratory is the workplace and the set of
productiveforces, whichmakesconstruction possible. Every time a
statement stabilises, itigintroduced into th&aboratory (in the guise
of a machinejnscription device, skillroutine, prejudice, deduction,
programme, and so on), and i# usel to increase thedifference
between statements. Thest ofchallenging theeified statement is
impossibly high. Reality isecreted’

So far we have summarizedhe main points of our argument by
showing how six of the majaroncepts wénaveused argelated and,
finally, by zooming in on the notion daboratory fromwhich we
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started in the secorwthapter. There isjowever, an alternative way of
describing laboratorylife which draws primarily on onesingle
concept.

Order From Disorder

Thetransformation of a $@f equally pobablestatements into a set
of unequallyprobablestatements amounts to tleeeation of order
(Brillouin, 1962; Costa d@eauregard,1963; Atlan, 1972). Let us
now provide a newaccount of laboratory lifeising thenotion of order
together withBrillouin's famousmythical character:Maxwell's demon.
The simplestversion is the followingSingh, 1966):

A demon placed in a cold ovemould beable toincrease themount of
heat byallowing theswiftermolecules tayather in one part of the oven
and by keeping themthere. In order to dothis, the demon needs
informationabout the state ofthmolecules, a small traphich will let
themcome or galepending omheirquality, and arenclosure in which
to prevent thesortedmolecules from escaping amdturning totheir
random state. We nownow that the demon himself consumes a small
amount of energy in doing higork. "It is impossible to gesomething
for nothing, everinformation," as the aying goes.

This accounprovides anlluminatinganalogywith whatgoes on in
the laboratory. Wéaiave alreadgeen théaboratory to banenclosure
where previous work is gathered. Wheould happen ithis enclo-
sure was opened?magine that thefollowing experiment was
carried out by our observeEntering thedeserted laboratory atght,
he opens one of thiargerefrigeratorsshown in Photograph 2. As we
know, eachsample on the racksorresponds to onstage of the
purification process and is labelledith a long code number which
refers back to therotocol books.Taking eachsample in turn, the
observer peels ofthe labelsthrows themaway and returns the naked
samples to theefrigerator. Nextnorning, he would doubtless witness
scenes okextreme confusion. No one would table totell which
sample wasvhich. Itwould take up tdive, ten, and evefifteenyears
(the time ittook tolabel thesamples) taeplace théabelsNunless, of
course,chemistry techniques had advanced in the nteas. As we
statedearlier, anysample mightequally well beany other. Inother
words, the disorder, or mogecisely the entropygfthe laboratory
would have increasedanythingcould be saidabout each anévery
sample. Thisrightmarishexperiment highlightshe importance ofthe
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trapping system for any competent Mawell's demon wishing to
decreasalisorder®

At this point, we can perhaps fistice to the apparently strange
notion ofinscriptionintroduced in Chapter Dur argument there was
that wiiting was not so much method ofransferringnformation as a
material operation afreatingorder. Let us illustrate thienportance of
writing by reference to an experiment undertaken by dhserver
during his stay in théaboratory. As weanentioned in Chapter 1, the
sociologistworked as a technician dugtis participantobservation.
Fortunately for us, th@bserverturned out to be aextremely bad
technician in a very efficieniaboratory. Consequently, higleficien-
cieshighlighted theroots of hisinformants'competence. One of the
most difficult tasks was thdilution and addition ofdoses to the
beakers. He had to remember in whitgdaker he had to put tldeses,
andmade a note, foexample, that he had to pddse 4 irbeaker 12.
But he found that he hatbrgotten tomake anote of the timanterval.
With pipette halflifted, he found himself wondering whether he had
already put dose 4 inbeaker 12. He blushedrying to remember
whether he had madenatebefore or after thactualactiontookplace;
obviously, he had not madenate ofwhen he hagnade anote! He
panicked anghushed theiston of thepasteumpipetteinto beaker 12.
But maybe he had now ptwicethe dose into the beaker. If so, the
reading would bevrong. He cossed out thEgure. Theobserver's lack
of training meanthat he continued in thigashion. Notsurprisingly,
theresultingpointsexhibited widescatter. Aday's work had been lost.
It is necessary to betachnician, and amcompetent one dhat, in
orderfully to appreciate the practicaliracle (inBoltzmann'ssense of
the word)which gives rise to a standalirve. Awealth of invisible
skills underpinmaterialinscription. Every curve is surrounded by a
flow of disorder, and is onlgavedrom dissolution becateseverything
is written orroutinised in such a wathat a point canot aswell be in
any place ofthe log paper. But thehappyobserver was not party to
these constraintsinstead ofcreating more order, he had only
succeeded ircreatingless; and, in theneantime, he hadsed up
animals,chemicalstime, andmoney.

Even insecure bureaucra@nd compulsive novelists ardess
obsessed binscriptions than scientistBetweenscientists andhaos,
there isnothing but a wall oérchives, labels, ptocol booksfigures,
andpapers? But this mas®f documents mvides the oyl means of
creating moreorder andthus, like Maxwell'sdemon, of increasing the
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amount ofinformation in oneplace. So it issasy toappreciatgheir
obsessionKeeping track is the only way of seeing a pattern emerge out
of disorder(Watanaba 1969). It might bémpossible tadifferentiate
any of a thousandequally active peptides out of a soupwipurified
brain extracts. ldssays designed separate out one tifese peptides
were carefully carried out butnot recorded, theechnicians would
have tostart alloveragain; there would be no way discriminating
betweenstatementsdecausehere would beno superimposition of
traces andconsequently no constructioof an object. When, by
contrast, a series ofirveshavebeenrecorded, and it is possible to
sprea them out on the largkbrary table and pondeghem, then an
object is in the pycess otonstruction. Objectappeatbecause of the
constant process obding. Thin readabletraces(produced by the
inscriptiondevices) ag recorded andhis creates a pocket of order in
which not everythings equally probable. In view @ightyearsworth

of documents and million dollars'worth ofequipment, the range of
possible satementswvhich can benade about thsetructure of TRF is
restricted. Thecost ofselecting a statement from outside this range is
prohibitive.

Maxwell's demon provides aiseful metaphor for lab@tory activity
because it shows both that ordecrisatedandthat this oder in no way
preexists the demon'manipulations. Scientificreality is a pocket of
order, created out dfisorder byseizing on anysignalwhich fits what
hasalready been enclosed angdenclosing it, albeiat a costln order
fully to explore the érce of this modelhowever, it is necessary to
examine therelation betweerorder anddisorder inmore detail.
Disorder is nobnly the noise invhich statements made bgefficient
technicians are dissolveparadoxically, théaboratory isalsoinvolved
in the production of disorder. By recording adlvents andkeeping
tracesfrom all the inscription devices, the laboratayerflows with
computerdistings, data sheetprotocolbooks,diagrams, and so on.
Even ifit successfullyesists theutsidedisorder, thdaboratory itself
generates disordewithin its enclosure. The noise of thousands of
brain extracts, is replaced by theise ofaccumulatediata. Informa-
tion again seems like thelusive needle in Aaystack. Ngpatterns
emerge Participants' solution tihis danger iselectively teeliminate
material from the mass atcumulatediata. Here ishe importance of
the statements, the genealogywdiich weoutlined in Chapter 2. The
problem is not now taliscern a peak from thigackgroundnoise (the
baseline), but to readsentence out the mass afjathered peaks and
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curves. Ongarticular curve iselected, cleaned up, fn a slide and
shown around irconjunction withthe statement:"Stresssimultane-
ously releases ACTH @mBeta Endorphine." Thistatemenstands
out of andfor the mas®ffigures. Apaperbegins to be draéd, which
constitutes asecond-degreenclosure (an enclosure represented in
Fig. 2.1 by thdaboratory partitions).

Sorting,picking up andenclosing areostlyoperations, and they are
rarely successful; anslackening camonce agaiirown a satement in
confusion.This is more sdecause a statemtegxists, not bytself, but
in the agonisticfield (or market, Ch. 5made up of the laboratories
striving to decrease their owroise. Is the statemegobing to stand out
in the field or will it merely once again b&rowned inthe mass of
literature onthe subject?Perhaps it is alreadsedundant, osimply
wrong. Perhaps it wil never be picked out from theoise. The
laboratory'sproductionprocess again seems chaotitatements have
to be pushedforced into the lightdefendedagainstattack,oblivion,
andneglect. Very few statements are seized upon by everyone in the
field becauséheir use entails aeanormous economy in thmanipula-
tion of dataor statementgBrillouin, 1962: Ch.4). Thesestatements
are saido "make sense" or "teexplain a lot othings" or toallow a
dramaticdecrease in theoise of onénscriptiondevice:"now we can
obtainreliabledata.” Such veryare events, theorting of facts from
the background ndaie, are ofterheralded by théNobel Prizes and a
flourish of trumpets.

Maxwell's demoncreatesorder. Thisanalogy not only provides a way
of summarising ath relating themain conceptsused in our earlier
description of laboratory activity; #lsohelps answer thebjection
that we have no¢xplained why aontroversy become®solved, or
why a statemenstabilises. But thisbjection only hasneaning in so far
asit is assumed that ordesomehowpreexists its "revelation" by
science, or irsome wayresults fran somethingotherthandisorder.
This basic philosophical assumption heescently beerchallenged,
andourintention in the next part of thishapter is to showhatlight is
shed on laboratorgctivity if such an assumptiois modified. To do
this in full would entailgoing beyond thaisualrange ofargument in
sociology ofscience, andaertainly beyond thescope ofthis mono-
graph. Wethereforerestrict ourdiscussion to onéurther analogical
description of the laboratory.

Figure 6.1 showsthree stages of a game d§o" as related by
Kawabatg1972). Thegame of go starts fro an emptypoard towhich
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stones are added in s@ssive moves. Thadded stones do notove
around the board as, f@xample, inchess.Consequently, the first
moves are almosentirely continget (Figure 6.1a). As thegame
progresseshowever, itbecomedess and less easy ptay anywhere;
asin the agonistidield, theresults of earlieplay transforms the set of
future possible moves. No&ll moves areequally posible (Figure
6.1b). Indeed, some are totalljnpossible(for example, whiteannot
play on the uppeleft hand corner)others are leskkely, and some are
almostnecessaryfor example, play at 64 after 63 in Fig. 6.1 ¢). As in
the agonisticfield, the changingattern is nobrderly: in the lower right
hand corner om themiddle of theboard, it is possible tplay almost
anywhere; but the situation in tHeft hand corner is definitively
settled. Aterritory may or may not belefendedaccording to the
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pressuregexerted by the opponerithe gane endswhen all territory
has beerappropriatedFigure 6.1c) and aldisputed territoriehave
beensettled(for example, thestones at theéop). From anentirely
contingent beginning, thplayersarrive (without the use of external or
preexistingorder) at dinal point inthe game wherecertain moves are
necessaryln principle, ary individualmovecould be madanywhere;
in practice, thecost ofspurning whageppears th@ecessary move is
prohibitive %

The relationshipbetweenorder anddisorder, which underpins our
account of the constructionf facts, is veryfamiliar to biologists
(Orgel, 1973;Monod1970;Jacob,1977; Atlan,1972). Thatife is an
orderly pattern emerging from disordérough the sorting aandom
mutations, is thestock intrade of thebiological represetation oflife.
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Figure6.1a-cistaken from the novel by Kawabata(1972). itshows three
moments in the unfolding of a game of “Go.” 6.1a shows the board at
the 10th move; 6.1b atthe 80th; and 6.1c atthe end. The game of “‘Go”’
provides a model for the construction of orderly but unpredictable
forms. The same stones appearin each of the threediagrams. The most
important moves are signalled by numbers.

For Monod, forexample,chance (disorder) andecessity (aorting
mechanism) areufficient to account for the emergence of complex
organisation. Reality isonstructed out of disordewithout the use of
any preexistingrepresentation dife. Many of thelaboratory mem-
bersthemselvesised termsuch achance, mtation, nichesdisorder,
andtinkering (&acob, 1977) toaccount forlife itself. Butsociologists
of science seemaxtremely reluctant tintroducesimilar concepts to
account for the construction afality > After all, theconstruction of
reality might be no more complethan thegeneration of organisms.
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The three briefanalogiesdrawn above(Maxwell's devil, the game of
Go, and Monod's notion othance and necessityyere intended
simply as a way dlamiliarising thereademwith the slight mdification
of backgroundwhich is well known in manyother disciplines, but
which seems to have escaped thgention of analysts dfcience.

It is part of ourworld view thatthings areordered, thabrder is the
rule, and thatdisorder &ould be eliminated wherevepossible.
Disorderalways has the eliminatedfrom politics and ethics asell as
from science. It isalso part of ouworld view that only from disorder
cananorderlypatternemerge Theseassumptions haveecently been
challenged by severghilosophersespecially MichelSerres, who, in
turn, have beengreatly influenced byauthors such aBrillouin and
Boltzmann and byhew developments ibiology. Their argument is
that theseassumptions bimvertedthat disorder beonsidered theule
andorder theexception. This argument hhsen faniliar since life was
first considered to be aeguentrops eventwhich fed off the much
larger and oppositdrend towards entropyRecently, thispicture has
beenextended to includscience itself as marginal case of aertain
type of socialorganism, a particular but not a pdiar case of
neguentropyMonod, 1970;Jacob, 1977; Serres, 1977877b). For
our purposes, thenteresting part of thimrgument is theontention
that the construction of orderelies upon theexistence ofdisorder
(Atlan, 1972; Morin, 1977). If one acceptthis suggeste modifica-
tion, it is possible todiscern a markeatonvergence between our
approach an@pparently disparatapproaches to theocial study of
science?® Let us consider four such approaches.

Firstly, thehistory of science can bEharacterised asemonstrating
the chain of circumstances drunexpected events leading to this or
that discovery. However, this masfevents is not easilyeconciled
with the solidity of the final achievements. This is omeason why the
context ofjustification is so frequently opposed to thecontext of
discovery.With the abovemaodification of our background assump-
tion, thisopposition is no longarecessaryFeyerabend1975 ;Knorr,
1978). To useToulmin orJacob'sanalogies, ifife itself resultsfrom
tinkering andchance, it isurely notnecessary tamagine that we need
more complexprinciples toaccount for science. THZvZnemential-
isation" (Foucault,1978) of science made hhistorians penetrates
the core of factconstruction. Secondly, sociologistshave demon-
strated thamportance ofnformal communication irscientific activity.
This well-documented phenomenadakes on a newneaningagainst
the newly modified assumption: thproduction of new information is
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necessarilybtained by wayf unexpected meetings, through old boy
networks and bysocial proximity. Theinformal flow ofinformation
does notcontradict the orderlypattern offormal communication.
Instead, as we hawiggestedmuch informal communicatioderives
its structure fromits constantreferral to thesubstance of formal
communication. Nonethelesgmformal communicationis the rule.
Formalcommunication is thexception, as amposteriorirationalisa-
tion of the reabrocess. Thidly, citationanalysts have demonstrated
the extensive waste afnergy inscientific activity. Mog published
papers are never reathe few that ar@ead are wortHittle, and the
remaining 1 or Dercent ar¢ransformed and misrepresentedhgse
who usethem. But thiswaste nolonger appearparadoxical if we
accept thehypothesis thadrder is an exception and disorder théer
Fewfactsemerge from thesubstantiabackgrounchoise. Thecircum-
stances oftliscovery and therocess ofnformal exchange aréoth
crucial tothe productiveprocess: they anghatallows science to exist
atall. Finally, growing sociologicainterest in thedetails ofnegotia-
tion between scientists hasvealed the unreliability afcientists’
memories and thénconsistency otheir accounts.Each scientist
strives to get by amidwaealth ofchaotic events. Every time Isets up
aninscriptiondevice, he is aware ainassivebackground afioise and
a multitude ofparameterseyond his control; evertime hereads
Scienceor Nature, he is confronted by avolume ofcontradictory
concepts,trivia, and errors; every time he participates irsome
controversy, héinds himselfimmersed in &torm ofpolitical passions.
This background is everpresent, andsionly rarely that gocket of
stability emerges from it. Theevelation of thediversity of accounts
andinconsistency ofcientific argumentshouldthereforecome as no
surprise: on the contrary, the emergency of an@eckfact is the rare
eventwhich shouldsurprise us.

A New Fiction For OIld?

We have so far in this chapter summarised the arguments of the
former chaptersshowed hovthey are related through timetion ofthe
construction obrder out of disorder aniéihked them to what haseen
done in sociology okcience. We shall nowummarise themeth-
odological problems encountered in theourse of ourargument,
looking in particular at the thornyssue of the status of our own
account. What is #hbasis for ourlaim thatscientistgproduceorder
from disorder? Obviously, our owraccount cannot escape the



The Creation of Order Out of Disorder 253

conditions of is own construction.Fromwhat kind of disorder does
our account emerge? Iwhich agonisticfield are we to putogether
differencesbetweenfiction and fact?

Throughout theargument, we havetressed thé@mportance of
avoidingcertaindistinctions commonlhadopted byanalysts obcien-
tific activity. In Chapter 1, werefused toaccept thedistinction
betweensocial andechnicalissues; in Chapter 2, we had to suspend
any givendistinction ofnature betweefacts and artacts;in Chapter
3, we demonstrated that thdifferencebetweeninternal andexternal
factors was a consequence of thkaboration of facts rathehan a
given startingpoint forunderstanding theigenesis; inChapter 4, we
argued for thesuspension of a priori digictions betweercommon
sense andcientificreasoning; even thaistinction betweetithought"
and craftwork needed to beavoided as arexplanatoryresource
because it appeared to be tbensequencef scientific work in the
laboratory; similarly, in Chapter 5, weargued that the notion of
scientists adndividuals was theconsequence dhe appropriation
conflicts within the laboratory.

Stylistically, the replacement andavoidance of thes@bsolete
distinctions presented sevedéfficulties. In allyingour discussion to
each of certaifiterary genres (forexample, thée'historical' discus-
sion of Ch. 3), wefound ouselvesconstrained byusingterminology
which tended to reintroducthesedistinctions. Fothis reason, it was
necessary to ldocarefully at our ownusage ofvords. Forexample,
the term social hasconnotationswhich make it difficult to avoid
importing diginctions, such as that betweewcial andtechnical.
Similarly, theterm familiar obscures th@articularsensewith which
we wanted toapply the notion of an anthropology stience. In
Chapter 3, inparticular, we had taesist terminology commonly
employed inhistorical accounts because it had thendency of
transformingconstructedfacts into"discovered“facts. In Chapter 4,
the use of the expression "l had ardea" or the tawlogical use of
"scientific" was sufficient to destroy thetenor of ourargument.
Consequently, it wasecessary to disputgome of theterms used by
epistemologists. Byemploying the wordcredit and by exploring its
various differenineanings, weircumventedsome of thelistinctions
which usually come tomind when oneusesterms suchas strategy,
motivations, ad careers.

We hawe thus triedto exercisesome care imiscriminatingbetween
thekinds ofterms andistinctions whichmightjeopardise ouaccount
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of laboratorylife. However, wehave as yet telarify what differen-
tiates our account déboratory life fromthoseroutinely produced by
scientists. Ighere any essential distinction between tla¢ure of our
own construction anthat used byour subjects?Emphatically, the
answermust be no. Onlyby rejecting thepossibility of this last
distinction can thearguments ofhis chaptercohere. The notion of
creating order frondisorder applies as much to thenstruction of our
own account as to that tifie laboratoryscientists. Howthen do we
know howthey know?

How have webuilt up our account offact productionwhereby
laboratoryscientists get by with fictionahich they push as hard as
they can in the agonistifield?

If we return to thesituation (described in Ch. 2yhere the naive
observewisited the "strange" laboratory, itdtear thathe constructed
his preliminary accounts out of disorder. Heeither knew what to
observe, nor theames of thebjects infront of him. In contrast to his
informants, who exhibitedonfidence in alltieiractions, our observer
felt distinctly uneasy. He fountiimself wondering where tsit, when
to stand, how tpresenthimself, and whaquestions task. A flood of
gossip, anecdotedectures,explanationsjmpressions, andeelings
emergedrom his initialdaily contact withthe laboratory Subsequently,
however, hdegan to saip a crudenscription device tanonitor these
data. He foundhimself asobserver connected up to a screfgs
notebooks), theffectsbeing recorded by meansashplification (such
ashis definition ofassays). Buthesefirst "socioassaysivere extremely
noisy and chaotic. Thearly notebooks eveal the confusion ofthe first
recordings:trivia, generalitieshoise, andnore noise.

Theobserver was obliged toreate some stabjeockets obrder out
of this flood of impressions. Heattempted thisfirst by a crude
imitation ofthemethod of hisnformants: he plotted time on one axis of
a piece of grap paper and wrote theames of thescientists on the
other. Armed with a wach, heinscribed who didvhat and when. In
this way he began foroduce orderethformation. Inanotheiinstance,
hedistilled the pattern dfitationsreceived bygroupmembers from the
mass of citation data in th8CI. Like anyconscientious Mawell's
devil, he filteredthe names herequired,counted the citations and
inscribed them incolumns. One result was Figute3: arelatively
modestachievement, admittedly, but one which granted him a brief
moment ofcontentment. On thbasis of thisresult, hecould make a
statement: when hi;xformantsobjectedthat the clain was nonsen-
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sical, he waghenable to produce thBgure and this had the effect of
quietening hisaudience, ateasttemporarily.

In the course of a femonths, ouobservermccumulated gizeable
body ofsimilar figures, documents, aradher notes. Irterms of the
analogy with "go" he began to fill hisboard with random moves.
Consequently, as hprogressedurther, herealised that it was no
longer possible tomake just any statement on the basis of this
accumulated material. laddition, our observefound himselfable
either to counter osupportsome of thearguments in the science
studiesliterature. Hecould alsatransform themnto artefacts or facts
with the use of thebjects he hadhegun to amass. He beganwate
articles and to operate in his own agonisfield. At this stage,
however, hisaccounts were so weak thany other account seemed
equally plausibleMoreover, hisnformantsflooded him with contra-
dictory examples and argued falternativeinterpretations.

By returning to the initiaktages ofthstudy, then, we catliscern an
essentialsimilarity between themethods of theobserver and his
informants. Even so, it is notear who wasmitating whom.Were the
scientists intating theobserver, or vicerersa?

As mentioned earliepart of theobserver'experience involved his
participation asaboratorytechnician.From time taime he could don
a white coat, gointo the biassayroom, and set up an assay for the
melanotropin stimulatinformone(MSH) instead of drawing citation
curves andtranscribing interviews.(MSH darkens frog skin, as
measured byariations oflight in areflectometer.)

The observer had higrotocolbook and armpty data sheet in front
of him. He seized thgumpingfrogs, beheaded, anflayed them, and
finally immersedhin sections of skin in thbeakers. Hplacedeach of
the beakersover a source oflight and took readings from the
reflectometerwhich he themwrote down. By the end ofttaay, he had
accumulated a smabtack offigures whichcould be fed into the
computer (Photograpil). After this he was left only wittstandard
deviations, levels aignificance, and mearia the computer listing.
On the basis of these he drewcarve and, takingt into his boss's
office, arguedabout the slightlifferences or similarities in the curve in
order tomake apoint.

Somesimilaritiesbetween the constructiafthecitationcurve and
that of the standard curve for MSH are obviotlibus, the following
features areommon toboth activities. Inscriptiondevices were set
up; five or ten names wergingled out of themillions in the SCI (only a
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few pieces of skin were taken from the complexity of theg
organism); the investigatglaced goremium onthoseeffects which
were recordable; thdata were cleaned up so as to prodpeaks
which were clearly discerniblrom the backgroundand,finally, the
resultingfigureswere used asources opersuasion in an argument.
These similarities make itdifficult to maintain that there is any
fundamental differencéetween the methodsf "hard" and"soft"
science.

The similarity of his two roles began to provemnnerving. Our
observer sometimeselt himself completely assimilated intthis"
laboratory: he was addressed'dsctor," possessefdrotocolbooks
andslides, submittegapers, met colleaguesaingresses and busied
himselfsetting up newnscriptiondevices andilling in questionnaires.
On the otherhand, he was painfullgware of theenormousdistance
between thapparent solidity of hisnformants'constructions and his
own. In order to studyalf agram ofbrain extract, theyhad at their
disposal tons ahaterial, millions of dllars, and a larggroup ofsome
forty people; in order tstudy the laboratory, owbserver waslone.
At the bench,working on the MSHassay,peoplewould constantly
peer over hishoulder and éticise him ("don't holdyour pipettelike
that"; "let me redoyour dilution”; "check this readingagain”) or
direct his attention to onafthe sixtyarticleswritten about theassay??
While tinkeringa few makeshiftmethods foranalysing the work of the
laboratory, he had few geralcontacts and nprecedent upon which
he felt he could build. Thescientists had éaboratory, inwhich were
gathered allthe stable objects oftheir field, andfree access to the
object under construction; the observer hado such resources.
Moreover, he had teettle inthe laboratoryused as aesource by the
scientists and to begnformation as astranger, a foreigner, and a
layman.

The difference in credibility accorded theobserver's and the
informants'constructions correspondbrectly to theextent of prior
investments. Occasionallyyhen members of thdaboratoryderided
therelative weakness arfdagility of theobserver's data, the observer
pointed out theextent of theimbalancebetween the resourceghich
the two partieenjoyed. "In ordeto redresghisimbalance, we would
require about ahundred obsrvers of this onesetting, ealk with the
samepower ovetheirsubjects as yobaveoveryouranimals. Inother
words, we should havEV monitoring ineach office; we should be able
to bug the phones and thikesks; weshouldhave complete freedom to
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take EEGs; and weould reserve the right chop off participants'
headswhen internalexamination wasiecessary. With thigind of
freedom, wecould producehard data." Inevitably, thesekinds of
remarkssent participants scurrying offtioeir assayooms,muttering
darkly about the "Big Brother" itheir midst.

Gradually, theobserver gainedonfidence in his work: he was both
adding to the stockpile of inscriptioria his office andbeginning to
realise that there was nothingpecial or mysterious about the
difference between hisactivity and that ofhis informants. The
essential similarity was thdmoth wereengaged in cradvork; differ-
encescould beexplained interms ofresources anthvestments, and
without recourse tcexotic qualities of thenature of theactivity.
Consequently, thebserver began to fedédssintimidated. When his
informantswere interpretingraces on the libraryable, for example,
they really seemedlittle different to him;they ponderedliagrams,
puttingsomeaside,evaluating thestrength of othersseizing on weak
analogicallinks, and soslowly constructed aaccount.At the same
time, theobserver waswriting a fictional account on thebasis of
makeshiftcurves and documents. Informants aoloserver shared
participation in the amfinterpreting confusetexts (textscomprising
slides, diagramspther paper, and curves) drof writing persuasive
accounts.

Our account offact construction in &iology laboratory isneither
superior nor inferiorto those produced bgcientists themselves. It is
not superiorbecause we do not claim to have any be#tezess to
"reality," and we do not claim to be able tscapefrom our
description ofscientific activity: the construction oforder out of
disorder at aost, andvithoutrecourse to angreexistingorder. In a
fundamentakense, our own accotismomorethan fiction Butthis
does not make iinferior to the advity of laboratorymembers: they
too were bug constructingaccounts to béaunched in theagonistic
field, andloaded with variousources ofredibility in suchaway that
once convinced, others woud incorporatethem as givens, or as
matters of fact, irtheir ownconstruction ofeality. Nor isthere any
difference in thesources otredibility uponwhich they and we can
draw so as to force peopledoop modalitiesfrom proposedstatements.
The only difference is thathey have a laboratoryWe, on the other
hand, have daext, this presentext. By building up anaccount,
inventing characters (forexample, theobserver of Ch. 2)staging
concepts, invoking sources, linking to arguments in the field of
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sociology, anddotnoting, we have attemptéoldecrease sources of
disorder and tmmake somatatementsorelikely thanothersthereby
creating gocket obrder. Yet thisaccount itself will now become part
of a field of contention. How muchurther research,investment,
redefinition of thefield, and transformation of whatounts as an
acceptable gument arenecessary tomake this account more
plausiblethan itsalternatives?

NOTES

1. This point has been madieequently byBachelard (for examplel934; 1953).
However, hisinterest indemonstrating thémediations" in sientific work was never
extended. His "rationahaterialism," as he put it, wasore ofterthan not théasis for
distinguishing betweescience andprescientific"ideas. Hisexclusive interest in "la
coupure ZpistZmologiqugtevented him fromundertakingsociologicalinvestigations
of science, evethough many of hisemarksabout science make better semdeen set
within a sociologicalframework.

2. From the outsethe observer was struck by tlemost absurd contralsetween
the mass of the apparatus and timénute quantities ofprocessecrain extract. The
interaction betweeascientific"minds" and "nature" could naetdequatelyaccount for
this contrast.

3. In adifferent context, thémportance of th stakes mayary. For example, the
importance ofomatostatin for theeatment ofliabetesnsures thagach ofthgroup's
articles iscarefully checked. In the case of endorphibg,contrast, any article (no
matter what thewildness of its conjectures) wiihitially be accepted asact.

4. Onhisfirst day in the laboratory, the observer waeeted with anaxim which
was constantly repeated to himadneor another modified fornthroughout his time in
the field: "The truth of thematter is tha©9.9% (90%) of theliterature is neaningless
(crap).”

5. We basethis argument oseveral conversational exchangesich tookplace
betweenlawyers and cientists.Unfortunately, we are nable tomake explicit use of
this materialhere.

6. It is crucial to ourargumentthat anything can beeified, no matter how
mythical, absurd,whimsical, orlogical it might sem either before or after thevent.
Call—r(1978), for example, hashown howtechnical apparatus can incorporate the
outcome ofotally absurd decision®Oncereified, howeverthese decisions take the
role of premise in subsequeidgical arguments. Immore philosophicalterms, one
cannotunderstandcience by acceptirthe Hegelianargument thatreal isrational."

7. Butfor a few pages in Lacaf1966) and some indiretints by Youngn.d), a
psychoanalytiacinderstanding dhese kinds ofnergy investments @syetundeveloped.

8. Forexample, Machlup1962) andResche(1978) haveattempted taunder-
stand theinformation market ineconomicterms. However, their approackxtends
rather thantransforms tk central notion of economic investment. By commast,
Bourdieu ( 1976) anfoucault(1978)have outlinecageneralframework for golitical
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economy ofruth (or ofcredit) which subsumesnonetaryeconomics asneparticular
form of investment.

9. The philosophical enterprise can bbearacterised as an attemptelaminate
anytrace ofcircumstances. Thus, thesk ofSocrates ifPlato'sApology of Socrates
to eliminatecircumstancesncluded in thedefinition ofactivity provided by thertist,
the lawyer, and so onSuchelimination is the pricavhich has to bgaid in order to
establish the existence of didea." Solm Rethel (1975) hasarguedthat such
philosophicaloperations were essential for thevelopment afcience anéconomics.
It could be agued, therefore, that thé&ask of reconstructing circumstances is
fundamentallyhampered by théegacies of ghilosophicaltradition.

10. Barthes argues th#tis kind oftransformation idypical ofmodern economics.
It is thuspossible thathere issomeusefulsimilarity between Marx's 1867) notion of
fetishism and thenotion of scientific facts. (Both fact andetish share acommon
etymologicalorigin.) In bothcases, a complex variety pfocesses commto play
whereby participants forget that what %out there" is theproduct oftheir own
"alienated" work.

11. Brillouin uses the wortikely in acounterintuitive way. It i®nly if astatement
is unlikely that itcontainsinformationsince its distance from the backgroundadally
probablestatements is very great. tndinary language, however, weight say that
peoplebelieve astatement when it isore likely than theothers. Theeason fothis
apparentontradiction isthat information isnothing but a rati of signal tonoise.

12. Inthecourse of our discussiome have tried taninimisedistinctions between
convincingourselves anaonvincingothers. Ininterviews thecontinuousshortcuts
between the two were sommon (| wantedo besure, and | did not want W stand up
andcontradict me"), that we gave wpaking thisartificial distinction. Our experience
suggestghat, perhaps in thmost secret part dfis consciousness, stientistargues
with the wholeagonisticfield andanticipates evergingle one of higolleaguespotential
objections.

13. Thisformulationcloselymatches scientists' owmpression of a mssy field: it
is afield in which you can sagnythingor, more precisely, in whichinyone carequally
well say anything.

14. This is not to say that is impossible imprinciple tocontest the@rgument based
onthe use of a mass spectrometer. tBatog of modifying thebasis oftheheory is so
high that, in practice, no oneill challenge it(The exceptionperhaps is in the case ofa
scientific revolution. JThedifferencebetween what ipossible irprinciple and what can
be done inpractice is thdynchpin of ourargument. As kibnitz putit: "Everything is
possible, but noeverything iscompossible." Theprocess bywhich the realm of
compossibility is extended wasxplored in Chapter 3. Theass spectrometer is no
more truthful thanthin-layerchromotography; it isimply more powerful.

15. The term"black box" also bringsto mind Whitley's (1972)argument that
sociologists ofscienceshould nottreat thecognitive culture ofscientists asa self-
contained entittmmune fromsociologicalinvestigation. Although we sympathiagth
this view, Whitley misses a cruciapoint. The activityof creating blackboxes, of
renderingitems of knowledge distinctfrom the circumstances of their creation, is
precisely whatoccupies scientists ¢hmajority of the time. The way iwhich black
boxing is donén science ishus anmportantfocus fa sociologicalinvestigation. Once
anitem ofapparatus or a sefgestures is established in the ledtory, itbecomes very
difficult to effect theretransformation into aosiological object. The cost akvealing
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sociological factors (thecost, forexample, ofportraying thegenesis of TRF) is a
reflection of theimportance of the blackoxing activities of the past.

16. This is why we do not needifferentsets ofrules bywhich toaccount for the
political world and thescientific world. Similarly, we consider scientists' honesty and
dishonestyfrom a single analytical perspective. Fraud and honesty are fwtda-
mentallydifferentkinds of behaviourthey arestrategies whoseelativevaluedepends
on the circumstances and thtate ofthe agonisticfield.

17. If reality means anythig, it is thatwhich "resists" (from the Latin"res"N
thing) the pessure of a force. Thargumentbetween realists andelativists is
exacerbated by the absence ofaalequate definition akality. It is possible that the
following is sufficient: thatwhich cannot be changed at Wik what counts ageal.

18. Although Brillouin is largely unknownamong sociologists afcience, he has
made importantcontributions to amaterialist analysis ofcience production. He
regardsall scientific activity (including the so-called"intellectual” or "cognitive"
ones) asnaterialoperationsvhich are in any wayomologous to th@sualobject of
physics.Since he povides a bridgbetween matter aridformation, he alsbridges the
gapNso dramaticfor the study of scienceNbetweeintellectual andnaterial factors.

19. Even bench work cabest beanalyzed in terms aftaging andwriting. The
samples are puhto colouredracks on oneside of thesurgical table, and ammoved
slowly. Themovement isnonitored by astopwatch andrecorded on aheet opaper.
Even atthis level, possible objections arbeing countered by thed of precautions
exercised in conducting thisork (see Photograpkile).

20. Many other aspects of th@o game analogyould beapplied to the work of
science. The mairadvantage of the analogy that it provides an approximate
illustration of the contingency/necessity dialecticfuktheradvantage is its illustration
ofthereificationprocess irscience. In Fjure 6. 1c, foexample, thestoneplayed at the
fourth movelies next to anotheplayed at thel48thmove. A group ofvhite stones have
beensurrounded and are remal&om theboard.This approximates threovement of
contradiction as shown i€hapter 3;whether or not a given formation seen as
contradictory(and requireselimination) will depend on the local context and on the
pressures ofthe agonisfield. In this case, eliminatiowill resultfrom black'sdecision
to play at acertain position.

21. One ofthe maimterests ofhe fieldstudy is that the sociologicalork could be
pursued hand-in-hanaith thebiologicalresearch ofthe institute. But it wakear to the
observerthatboth his iformants and hisaxiological coleagues werelaiming to be
doingscience. Th@roblems aised by tis complicatedelationship will be examined in
detail elsewhere.

22. Ourclaim is not that we aradvancing an origindlparadigm" for theanalysis
of science. Wesimply aim toshow how close ouanthropological position is to other
studies broadly named'sociology of science." Ouimpression is that the main
approachesfollowed so far are (a) notonnected to onenother; (b)somewhat
undecided onwhat is thefinal status oftheir findings. The l&ght, but radical,
modification of background that wentertain here might providavantage point from
which the importance ofthesefindings can befully appreciated.

23. This wasdue, inpart, to theobserver'ssolation and lack dfainingand, in part,
to the lack of any formeranthropological studies of modestience. Ongarticularly
useful source wasAuge's (1975) analysis of witchcraft in thdvory Coast,which
provides anintellectual framework forresistance to beingmpressed byscientific
endeavour.



The Creation of Order Out of Disorder 261

24. It seems that thbasicprototype ofscientific activity is not to befound in the
realm ofmathematics ologic but, as Nietzschel974) and Spinoza ( 1667efquently
pointedout, in the work of exegesis. Exegesis &@tmeneutics are thedls around
which theidea ofscientific production has historicallpeenforged. Weclaim that our
empiricalobservations dfaboratoryactivity fully supportthat audacioupoint ofview;
the notion ofinscription, forexample, is not to beaken lightly (Derrida, 1977).

25. "Fiction" is tobetaken ashaving anoncommitted ofagnostic'meaning that
can be applied to the wholeprocess ofact production but tmone of itsstages in
particular. Theproduction of reality is whatoncerns us ére, rather than any one
producedinal stage(stage 5 in théerminology of Ch. 2). Oumaininterest in using the
word "fiction" is the connotation diterature and writingaccounts. DeCerteauonce
said(pers. com.); There can only be acience ofcience-fiction." Oudiscussion is a
first tentativesteptowardsmakingclear thelink between science ariderature (Serres,
1977).
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POSTSCRIPT TO SECOND EDITION (1986)

There is araditionaltendency tahase andhound the'real” meaning of
texts. Yearsafter the initid publication of a volumegdefenders and critics
alike continue targue over'what was actuallyntended” by its authors.
As a welcomerelief from this spectacle literary theory hasincreasingly
disavowed this kind diextual criticism. Thecurrent trend is tpermittexts
alife of theirown. The "real" meaningof atextis recognisedas anillusory
or, at least, infinitely renegotiable concept. As r@sult, "what the text
says," "whateally happened" and "whahe authors intended" are now
very much up to theeader. It is the reader whwrites tre text.

Although thischange has been niamarked in thefield of literary criti-
cism, itclearly has apecialrelevance for theocialstudy ofsciencewhich
takes asaxiomatic thetentative, contingentcharacter ofobjectification
practices. The construction s€ientific facts, inparticular, is grocess of
generatingextswhosefate (status, valueutility, facticity) depends otheir
subsequeninterpretation. In linewith this notion oftextual interpretation,
we shall not attempt definitive resatement of thergument oLaboratory
Life, but insteadoffer comments on the nature swime of thecriticisms of
the book and on thehanges in thesocial study ofsciencewhich these crit-
icismsreflect.

In early October 1975, one of uentered Professduillemin'slabora-
tory for atwo-year study of th&alkInstitute. ProfessotLatour's knowédge
of science wasion-existent; his maasry of English wasvery poor; and he
was completelyunaware of theexistence of thesocial studies ofscience.
Apart from (or perhaps everecause ofjhis lastfeature, he was thus in the
classic position of the ethnographsant to acompletely foreign environ-
ment. Since thequestion has oftebeenasked, it isuseful tobeginwith a
few words about how he got to ti&alk Institute in thefirst place.

While in thelvory Coast, as eesearcher in the sociologyd#velopment
with theFrench researcimstitutionORSTOM, he had beeaskedo explain
why it was sodifficult for black executives tadapt tomodernindustriallife
(Latour, 1973). He dund a vastiterature onAfrican philosophy and in
comparativeanthropology.Right from the start, however, eemedthat
many featuresvere attributed a little toaquickly to the African"mind,"
andthat these could bmoresimply explained bysocial factors. Foexam-
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ple, theyoung boys in technicaichoolswere accused btheir white teach-
ers of beingunable to"see inthreedimensions.” This wasegarded as a
seriousdeficiency. It turned outhowever,that theschool system (aaxact
replica ofthe Frenchsystem)introducedengineering dawing to its pupils
beforethey did anypracticalwork onengines.Since the boysostly came
from country districts and had nevezesor handled arenginebefore, the
interpretation of thedrawingspresentechemwith quite a puzzle. As the
studyproceeded, thestablished preferencerftar-fetchedcognitiveexpla-
nations oversimpler social onesbecamemore evident. Aterrible doubt
arose:perhaps thentire literature oognitive abilities wasundamentally
wrong. It wasespeciallytroubling that every study depended on distinc-
tion between @entific andprescientific reasoningStimulated byinterac-
tion with remarkable anthropologists like MafugZ andother colleagues
at ORSTOM, arudimentary resarchprogrammetook shape.What would
happen to the Gre&livide betweerscientific and prescientificeasoning if
the samefield methods used to studyory Coastfarmers wereapplied to
first-rate scientists? Twogearsbefore, the would-banthropologist okci-
ence had met ProfessGuillemin (like him, a native oBurgundy). Guil-
lemin praised the openness of the Salk Institute andrnated him tocarry
out an epistemologicaltudy of hislaboratory,providing hesecured his own
source offunding. It isworth acknowledgingGuillemin's unusuabener-
osity inprovidingtotal access to higboratory and higorbearance itaking
in (someone he tooto be) an "epistemologist(Dr. Jekyll) who subse-
quentlyturned into a sciologist of sciencéMr. Hyde)!

When the firstedition ofLaboratory Lifeappeared in 1979, it was sur-
prising to realise that this was tfiest attempt af detailedstudy of the daily
activities of scientists itheir naturahabitat. Thescientists in théaboratory
wereprobably moresurprisedhan anyone thahis was thenly study of its
kind. Tothem, our argumentbout the need fauchstudies wer@bvious.
"How could anyoneignore the details of oudaily work?" they quipped.
So their mainreaction to thebodk (apartfrom carefully scrutinising the
pseudonymousguotations we used) was that it wasratherunsurprising,
if nottrivial. Although thisreaction is a niceonfirmation of the accuracy
of our observations, this is not opoint. The scientistswere much more
attracted toWVade's subsequefl981)rendering of the Glliemin-Schally
controversies. Wade's book is iaweresting,althoughvery one-sidedqpro
Schally) account, but its chiefalue is indemonstrating theifference be-
tween good scientific journalism and thesociological study of science.
Wade'ssense obutrage is eviderthroughout as hdelightedlyportrays the
ways in which thé'rules ofscientific method"werebroken. The very ep-
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isodes we avoided becaubey were tombviously"sacial" (in thelimited
sen® of scandal-mongering amdaking"cheap shots") areighlighted by
Wade'sbook. The prolongation of thdispute inWade's accourtietter ap-
proximated thescientists' more pruriemterests than didurs. Clearly, our
book wasintended for a rathatifferentaudience.

Within the generalcommunity ofscholars interested in theories of sci-
ence, thenovelty of the book'spproach was adssomething of a surprise.
Despite subsequentmodifications (Kuhn, 1970) of his position, Kuhn
(1962) hadalready provided(although perhapsunwittinglyNsee Kuhn,
1984) thegeneral basis for a aeeption of thesocial character okcience,
and Barnes(1974) and Bor (1976) had seahe agenda for &strong pro-
gramme" in thesociology ofscientific knowledge. The antipathy afiany
writers to the treatment aitience as "black box" waswvell edablished.
We might thus haveaxpected participant observation dies to be annte-
gral feature of thewave of neo-Kuhniaranalyseswhich characterised the
sociology of science in th&970s. But calls fofull-blooded sociology of
science were natmmediately met by péicipant observatio studies. Few
had spent &ignificantamount oftime in close proximity with the day-to-
day activities ofworking scientistg.

With the benefit ohindsight, it ispossible to place thimitial failure of
nerve inperspective. Of course, amyhnographer (or participanbserver)
will testify to thetaxingdemands oéntering andiving in a strangeculture.
The esotericulture ofthe scientific laboratoryprovidesparticularly daunt-
ing problems, bottconceptual angractical. Forexample, thegroblem of
maintaininganalytic distance isacute for tle ethnographer ofcience be-
cause his ownnative) culture igtself infused with notion®f what science
is like. More significant,perhaps, is the fact that tiseciology ofscience of
the late 1970s respondedrather slowly to some of the implications of
Kuhn'swork. It is well known thatKuhn'swork coincidedwith a funda-
mental re-evaluatiomf preconceptionsabout the "specialtharacter of
science, one partitar consequence afhich was achange of focus in the
social study okcience. Instead studyingrelationships betweescientists,
therewardsystem and irtgutional affiliations, thetrend was to demonstrate
the fundamentallysocial character of thebjects, facts and discoveries of
science. Thesociology ofsciencebecame a sociology aftientific knowl-
edge.

Lesswell realised perhaps, is thahe same re-evaluation pfeconcep-
tions about science also hamplications for themethods andechniques
adopted by the socialtudy ofscience. Theevision of epistemological pre-
conceptionsaboutscienceraises awkward questiorabout thenature of its



276 LABORATORY LIFE

social analysis. Can we go obeing instrumentally realist in our own re-
searchpracticeswhile proclaiming theneed todemystify this tendency
amongnaturalscientists? Should we hecal about the sociglrocesses of
science hithertohidden fromview, and yesilent about thesocialprocesses
of our own research? Theesitant, differentiatesponse tahis deep-rooted
issue partly accounts feie proliferation ofesearctperspectives which has
accompanied theetease fronpre-Kuhnianorthodoxy. Although generally
united in their disdain for thetraditional ("received")view of science,
practitioners of the newocial study of scientificknowledge diffe markedly
in their methodological styles and preferengssefor example thecollec-
tion of papersin Knorr-Cetina andMulkay, 1983). Thedifferential re-
sponse to theevision of epistemological preconceptions also begins to ac-
count for the variation afesponses thaboratory Life

A generalcomplaintabout the bookoncerned itsndiscipline. One re-
viewerremarked that readingaboratory Lifewas "rather liketaking an ex-
tremelybumpyride overfascinatingterrain” (Westrum,1982:438). Apart
from noting theomission of adetailed table ofontents and thabsence of
anindex (bothfaults rectified in ths edition), Westrumspeaks of a lack of
a sense ofinity, thelack ofcontinuousaction and theelative incoherence
of the narrative. But our ai was precisely to avoidjiving the kind of
smoothednarrative characteristic afaditional constructions of théway
things are." Forexample, we did nowant an account invhich theearly
presentation afiramatis personnaenplied thathumanswere to be taken as
the primary category of actorsithin thelaboratory. Westrunhimselfnotes
the congruencéetween the form of oueport and th process wealescribe
in the laboratory: "Like thenimal brainswhich get chopped up in the
course ofthe researchersvork, thehumanstruggle of the researchers to
advancescience andheir own careers ischopped up sdhat Latour and
Woolgar canexamine and classifthe interactionsbetweenthem" (Wes-
trum, 1982: 438). A moreprosaicexplanation of theorm of Laboratory
Life stemsfrom the nature ofcollaboration between Frenchphilosopher
and a British sociologist. Inthe besttradition ofinnovation through hy-
bridisation, theauthorsfoundthemselvegontinuallyrediscovering and re-
negotiating the ignificance of thecultural divide known (chauvinistically)
astheEnglishChannel.From this processmerged amneasy(butevidently
fruitful) compromise oktyles.

The more substantivecriticisms of the bookange over a variety of is-
sues, of which the mogmportant are summarised below. Ratttean using
space tadevelop &ull scalerebuttal ofeachpoint, weoffer brief comments
abouttheir significance and the problerttsey pose forfuture work.
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How Radical is Radical?

While enthusiasticallywelcoming thedetailed empiricademonstration
of theargument that no part stience ideyondsociologicalanalysis, some
marxistscholars areritical thatLaboratory? Lifeis ultimately theproduct of
a "bourgeoissociology of science(Stewart,1982: 133). Gven the dem-
onstration thascientific facts are formulated ithe denialand obliteration
of their own historicity,given that theinternalrelations ofscience can be
described aglistinctively capitalist, thesecritics ae disappointed that we
did not go on to ak why this is so.They complain that we fail to exnine
the connection between the constructionscientific facts and the hierar-
chical and exploitativeelations ofscience and the clagévisions of society
asawhole. Laboratory Lifeis accused oéspousing an idealiselativism
whereby the aence of socio-economanalysis educes materiakality to
"the almost arbitraryvicissitudes ohumansubjectivity" (Stewart, 1982:
135)

"Relativism" isevidently thebogey ofthis particularbrand ofradical-
ism. Indeedthere is @endency to use indiscriminately, forexample, to
fail to appreciate thdistinctionbetweernrelativism and constructivism. But
the weakness of marxist analyses of sciencheésr desire for ascientific/
objective point oview. The poponents ofmarxistanalyses of@ence need
acritique of objectivity so as to makoom for their radical science, bthey
alsowant a"real <ience" withwhich to groundthis radical science (La-
tour, 1982a: 137; see al&volff, 1981). The call for a macro-socihalysis
of theway in which thesocialrelations of productiofeadscientists "to se-
lect from and shape nature irparticular way"(Stewart, 1982: 135) claims
for marxistscience the verprivileges itdenies tdourgeoisscience.

What Does It Mean to be Ethnographic?

The idea of anethnographicstudy of scientificpractice has givenise to
a body ofwork which hascome to becalled "laboratorystudies.* The
commonassumption ofhesestudies isthat ourunderstanding ocience
canprofitably draw uporexperiences gainedhile immersed in thelay-to-
day activities of workingscientists. Howevemeyondthisthere iglittle con-
sensus as to what can asidould be madef these experiences. Lrabora-
tory Life, we indicated that ouse of the termianthropology ofcience"
wasintended todenote thepresentation opreliminary empirical material,
our desire toretrievesomething of theraft character obcience, the neces-
sity to bracket oufamiliarity with theobject ofstudy, and oudesire to in-
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corporate a degree Ofeflexivity" into our analysis. Nowthese éatures
only correspond to theequirements ofraditional ethnography in a rather
general way. Taall something ethnographtcaditionally requires that we
include adescription of theéribe'secology, technology ahbeliefsystems.
But, asKnorr-Cetina (1982a: 40) has notatis particulaiinterpretation of
"ethnography" haseenheavily criticised within anthropology. A more
generalinterpretation of theall for ethnographydenotes theneed for de-
tailed empiricalobservations anfleld notes,especially whergheseinclude
information dout sources ofunding, the careebackgrounds opartici-
pants, thecitation patterns in theelevantliterature, tke nature and origins
of instrumentation and so on.h@se arenecessary, in ongiew (Latour,
1982b), if we ardo proceed to &omparativeanalysis of thdocal settings
of fact production. Arelternative view is thasuch details are necessary, not
somuch for comparativpurposes, bubecause angttempt tograpple with
the problemsf describingscienceproceeds begtom anempiricalbase.

In our original use ofthe term,we particularlystressed thatility of an
"ethnographic"approach formaintaining analyticdistance upon expla-
nations ofactivity prevalentwithin the culturebeing observed. In thease
of ascientific culture inparticular,there is a strontendency for thebjects
of that culture (facts) tprovidetheir ownexplanation. Rather thaproduce
an accountwhich explainedscientists’ activities iterms of thefactswhich
they discovered, ouinterest was to determintgow a factcame toacquire
its character in théirst place.Lynch (1982) points out thaour strategycor-
responds tdchutz's(1944)recommendation thagociology adopt the per-
spective of thestranger, whereby thgroblems ofmaking sense of aralien
cultureprovideinsights intothose aspects ollturetaken for granted by its
members.

Lynch notes, as weurselves do, thahetechnical pactices of laboratory
sciencenvolve theassessment of threlationshipbetween"objective” and
"socio-historical" states offfairs (Lynch, 1985b). However,Lynch
stresseshat this assessment Isgientists(which hecalls endogenousriti-
calinquiry) operatesndependently of anprofessional sdological interest
and does not relpolely upon approvedocial sciencemethods(Lynch,
1982:501). Bycontrast, the efforts of theocial scientist, of which the use
of the stranger device is oegample, draw upon theranger's owmanalytic
competences associalscientist. As aesult, says knch, our use dadnthro-
pological strangenesproduces ddisengaged'analysis whictsevers "the
transitivity of technical practices totheir real-worldly objects ofstudy"
(Lynch, 1982: 503).

What is thesense of'disengaged" inLynch'susage? Fot.ynch, the
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competences of theociologist ardéundamentallydistinct from those of the
scientist, and the relationshijetween the two iproblematic. As evidence
of this distinctiveness, Lyncleites thefailure of our"observer" (see es-
pecially Chapter 2) tperform thepractices othe laboratorycompetently,
aswell as disputs between thebserver and hi;mformants, his lack of un-
derstanding of the technicedports and so orl.ynch arguesthat whatever
distinguishessocial scientific practicesfrom those of thescientist is yet to
be discovered.

Lynch's criticism dependsoth on a rigiddistinction betweeninsider
(scientist) andbutsider(observer) andipon a ratherdealistic notio about
the possibility ofdistinctively assigningcompetences to thesategories.
Whereas we began hyishing toavoidthis distinctioni.e. by not wanting
to presume the principledifference betweerscientist andnon-scientist,
Lynch points out that thetrangereviceentails our use of thidistinction.
Lynch himself assmes thedifference and complains that owgports of the
observer'sexperiencesexemplify afailure adequately todocument the
practices of thescientist.Lynch displaysa commitment to an(actual) ob-
jective character of theéechnicalpractices andhe realworldly objects of
study. Although hiscriticism is a salient warningagainstsociology-cen-
trism, it is unclear what would count as an adequatehgaged"account
of scientists' technidgpractices’

Our current pogion on the notia of "ethnography” isslightly different.
Its main advantage is thanlike many kinds ofociology(especiallymarx-
ist), theanthropologistloes not knowhe nature of thesocietyunder study,
nor where to dravthe boundaries between thealms oftechnical,social,
scientific, natural and so on. Thiadditionalfreedom indefining the nature
of the laboratorycounts for muchmorethan the artificiadistance which one
takeswith the observed.This kind of anthropologicabpproach can besed
on any occasionwhen thecomposition of the societynder studyis uncer-
tain. It is notnecessary tdravel to foreign countries to obtathis effect,
eventhough this is the only wathat many anthropologists have been able
to achieve"distance."Indeed, thisapproach may verwell be compatible
with aclosecollaborationwith the scientists anéngineers undestudy. We
retain from "ethnography" thevorking principle ofuncertaintyrather than
the notion ofexoticism.

The Place of Philosophy

It is patt of the folk wisdom of tre field thathistorianshavebeenincreas-
ingly enthusiasticabout newdevelopments in theosiology of scientific
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knowledgewhile philosophers ofcience ha® remainedmore resistant.
Certainly, there has beea markedantipathy to soméorms ofphilosophy
by sociologists Philosophy bashing perhapsreached itsapogee with
Bloor's (1976: 45)comment that "to ask questions of thart which phi-
losophers addrsgo themselves isisually toparalyse thenind." Since the
debatebetweenBloor (1981) and Lauda(1981), however,somephiloso-
phers have evincedympathy for the work of theociology of scéntific
knowledge (foexample, Nickles1982, 1984). Thisuggests that it is per-
haps no longeproductive todismiss all attemjstat philosophisingscience
(Knorr-Cetina,1982a).

One good reason for notismissing philosophy is thdhe positions of
mostauthorsboth within andbeyond thesocial study of science are based
on deep-seatedntologicalcommitments rather thampon anyempirical ac-
count ofscience. This is whempirical evidence (of theort provided by
Laboratory Life)is unlikely to change anyminds. And this is whythose
who read the bookhrough realistspectacles will see errgfor example,
Bazerman,1980: 17). It isinsteadnecessary texamine the veryoots of
theseontologies and tattempt todevelop analternative(Latour, 1984,
1986a). However, the particular branch of philosophyNepistemologyN
which holds that the onlpsource oknowledge arédeas of reasomtrinsic
tothemind, is an areahose totakxtinction isoverdue. Theedundancy of
epistemology is well established Ipurishing sociological, historical and
(other) philosophical analyses of knowledgespite its constant assertion
(directed inparticular at thevork of Bachelard and higrenchfollowers) of
theimpossibility ofthese disiplines. It is not that waeed teapportion sub-
ject matter betweeepistemology andaturalistic studies ofscience and
technology; the work of #latter is a dissipation of the former. Sabo-
ratory Life is neither amattempt to develop aalternativeepistemology nor
is it anattack orphilosophy.Perhaps the best way to express our position is
by proposing aen-yearmoratorium oncognitive explanations dgfcience.
If our French epistemologisblleagues arsufficiently confident in thepar-
amountimportance otognitivephenomena founderstandingcience, they
will accept thehallenge. Wehereby promise that &nythingremains to be
explained at thend of this period, we toawill turn tothe mind!

Perhaps thenostinteresting(philosophical)interpretation of our work is
an attempt to enrolLaboratory Lifeas a confirmation (!) ofthe falsifica-
tionisttheory ofscience. In thissiew, Laboratory Lifeconstitutes "astrik-
ing corroboration" of Popperiaphilosophy ofscience(Tilley, 1981: 118):
(ourdescription of) theamount ofeffort invested byscientists inundermin-
ing eachothers'claims is thebest proothat science is Gindamentally dif-
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ferent fromevery daycommonsense.Debates ireveryday life are noset-
tled byusinghugelaboratories andarefully stagedcontroversies.

Tilley's boomerang(but nonethelesplausible)interpretation of our ar-
gument isusefulbecause iteveals two basiflaws in our work.First, al-
though it was originallypoth necessary ardksirable, théaboratoryshould
not be studied as an isolatedit; it is only onepart of awider story. The
otherpartexamines the way iwhich alaboratorybecomes ambligatory
reference point in allliscussions. Noaintil theinner workings of thdabo-
ratory are studied igonjunction with thestrategicpositioning of thelabo-
ratory in society canTilley's kidnappingmanoeuvre beesisted. Theull
story will establish thathere is acontinuumbetween controversies aaily
life andthoseoccurring in thelaboratory, and thinvestigation othis con-
tinuum will explain whymore resources areeded in daboratory than is
usually necessary in a puflLatour, 1986a and b)Second, Tilleydemon-
strates that the resources at digposal arénsufficient toforce ourpartic-
ular interpretation inpreference to angther. Atalmost no cost, Tilley has
been able tproduce aliammetricallyopposednterpretation of the one we
intended (see p284).

The Demise of the "Social"

A misunderstanding which h&&en moreonsequential with the expan-
sion of socialstudies of sciencegoncerns the use of theord "social.”
Given our explicit disavowal ofsocial factors" in thefirst chapter, it is
clearthat our continued use of ttierm wasironic. So what does it mean to
talk about "scial" construction?There is no shame iadmitting that the
term no longer has anyeaning. "Soial" retainedmeaning when used by
Mertonians to define a realm of study whiekcluded consideration ofsci-
entific" content. Italso hadmeaning in the Edinburgéchool's attempts to
explain thetechnical content ofcéence (by contraswith internalist expla-
nations oftechnicalcontent). In allsuch uses;'social" wasprimarily a
term ofantagonism, on@art of abinary opposition. But howseful is it
once we accephatall interactions arsocial?Whatdoes théerm "social"
conveywhen itrefersequally toa pen'sinscription ongraphpaper, to the
construction of a text ant the gradualelaboration of an amino-acithain?
Not a lot. By demonstratingts pervasiveapplicability, thesocial study of
science has rended "social"devoid of anymeaning(cf. Latour 1986a and
b). Although this was also our iginal intention, it was notlearuntil now
that wecould simply ditch theterm: our newsubtitle nowdenotes ouinter-
est in "theconstruction ofcientific facts."
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Reflexivity

We earlier noted that a@nof our original concerns was to produce an
"ethnographic"study whichincorporated a degree w#flexivity. We also
suggestedhat thediversity ofreaction toLaboratory Lifecorresponded to
a deep-seatedmbivalenceabout the character arsdatus of work in the so-
cial study ofscience especially wherg¢his recognises itself ahe construc-
tion of fictions aboutfiction construction. It isinteresting,however, that
most "laboratory studies"tended toadopt aninstrumentalrather than re-
flexive conception okthnography(Woolgar, 1982). Theurrentprogram-
matic slogan ofmanylaboratorystudies(also common tenuchsocial study
of science morgenerally) is thenjunction tostudy scienceas it happens.
In one sense dhis clause, the work daboratorystudies is an attempt to
produce a description stientific work relatively unhindered byetrospec-
tive reconstruction: contemporaneomonitoring ofscientific activity ena-
bles theanalyst tobasediscussion orfirst-handexperiences rather than to
rely on recollections made in tHeght of subsequengvents. In asecond
sense, thatudy ofscience as ihappens enables tlamalyst tdbypassinter-
mediaryconstructions arisigm from reliance onnformants in situations re-
movedfrom their everydayvorking environment. Thusn situ observation
provides moe directaccess t@vents in thdaboratorythan, forexample,
interview responses. Ioth cases, the generalea is that more is to be
gained from being on the spttan from attemptingnterpretation from a
secondaryperspective. Thén situ monitoring ofcontemporaneous scien-
tific activity portrays thescientistlocatedfirmly at thelaboratorybench and
treatswith somescepticism thé&ind of representationprovided by the sci-
entist, especially where thesare produced insituations removed (either
temporally orcontextually) from the cene of thescientific action.

The straightforwardinterpretation of the "a# happens" clausamplies
thatlaboratorystudies yield d'better" or"more accurate" picture dci-
encethanthose studieselying on "disorted' versionspreferred by actors
removedfrom the scene.Undoubtedly, thisline of argument is of some
value, forexample, innegotiatingaccess tdaboratories.Somescientists
attach considerableeight toa contrastbetween, for exampléwhat phi-
losophers likePopper sapbout science" antivhat actually goes on isci-
ence." Yet the adoption ¢his line of argument foanalytic purposes is
both arrogantandentirely misleading. Ipresumes privilegedccess to the
"real truth" about sance andt suggestghat this truthwill eventually
emerge from closer and matdetailed observation ¢échnicalpracticed(cf.
Gieryn, 1982). It therebygnores the verphenomenon in need ofvesti-
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gationNnamely the wagin which descriptions andeports obbservations
arevariouslypresentedandreceived) asgood enough,""inadequate,"
"distorted,"” "real," "accurate" and so on.

A morereflexive appreciation ofaboratory studies ifessdismissive of
what might becalled "the problem offallibility": the argument thatall
forms ofdescription,report, observation and so on calways beunder-
mined. However, instead ofusing this argument ironically(Woolgar,
1983), as a way afharacterising the wor&f others(scientists oother so-
ciologists) while implying that our ownrecommendedalternative isfree
from suchdeficiencies, weshouldaccept theuniversal applicability of fal-
libility and find ways ofcoming totermswith it. Instead ofutilizing it in a
merely critical role, the aim woulbe to retain and constanttjrawattention
to the phenomenon in theourse of description anahalysis. We might as
well admitthat as a'problem" it is bothinsoluble and unavoidable, and
that everefforts toexaminehowit is avoided areloomed inthatthey entail
an attempt to avoid if. We need toexplore formsof literary expressive
whereby the monster can kémultaneouslykept at bay and allowed a po-
sition at theheart ofour enterprisé.

Of course, ondnterestingaspect of theexploration ofreflexivity is that
ourwriting is conventionallyconstrained by the usef report-like formats.
This increases théendency forethnographies to beead asstraightfor-
wardly reporting on the "actual$tate ofaffairs to be found in théabora-
tory. Thiskind of reading is nowithout value.Somewill discover inthis
readingaspects of thevorld of scientific work of which they were previ-
ouslyunaware. Busuch reading mges thepoint. Weattempted (especially
in Chapter 2) taaddress théssue ofreflexivity by placing theburden of ob-
servational experience on tisdoulders of anythical "observer." We at-
tempted toalert the reader to theature of his relationshiwith the text(and
by implication tothe nature ofreaders'relationships with all attempts to
constituteobjectivities through textual expressiorffjar example, Photo-
graph 1 (p. 93) is labelletiew from thelaboratory roof."Now, presum-
ably, adeterminedlyinstrumentallyminded readerwill take this at face
value, and gaway happy that he is better informabout the character of
laboratory roofs (andiiews therefrom). Fosuchreaders we areaturally
pleased to increageir sumof knowledgeabout theworld. But, unfortu-
nately, much would havéeenlost. Wehoped that theénclusion of such a
photograph might aeast make sucheaders stop anthink about what is
involved in thejuxtaposition of textuaimagery, and howhis affects the
reader'selationshipwith the "facts" asrepresented by thext. Ourcon-
cerns forreflexivity would perhaps have begun tucceedvhere the text
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suggests tdhe readethat he ask himselithether or nbthe observations
really took place, whether or natonas Salkeally wrote theintroduction,
and so on.

Reflexivity isthus a way of reminding theeaderthatall textsare stories.
This applies asuch to thefacts of our scientistasto the fictions "through
which" we display theirwork. Thestory like quédity of texts denotes the
essentialincertainty of theiinterpretation: theeader can neveknow for
sure.” We mentioned already thalue ofethnography in stressirhis un-
certainty. Here we see thaflexivity is theethnographer dhetext.

Conclusion

The concluding chapter dfaboratory Life addresses thetatus of our
own account, the question of whether or not we (@erely) supplying a
new fiction (aboutscience) for old. In thelosing section of the aginal
draft we declaredthat our analysisvas "ultimately unconvincing." We
asked readers of thtext not to take its contengeriously. Bubur original
publishersinsisted that waemove the sentendeecause, thegaid, they
were not in thehabit of publishing anything that"proclaimed its own
worthlessness."

It shouldbe clearthat wenever claimedhat ouraccount ismore privi-
leged than those of ourscientist-informants, nor that is immune from
criticism. But thisstatementjike the £ntence excludetrom the original
draft, hasoftenbeeninterpreted aself-defeating: how coulde not believe
in our own account? How can we relatividgmth natural sciences and our
own relativisticstory?Clearly, readers camiss thepoint of the reflexivity
and hearonly apology and seltontradiction. But th statement is only an
aporia from the point olview of those whaelieve in thantrinsic existence
of accurate anfictitious accounts per séAnd this isprecisely thepoint of
view we dispute. For thigeason, thefinal sentence of thdirst edition
(whichreappears as the lasntence dhis postscript) tries tanticipate the
amount of worknecessary tanake ourinterpretationmore likely than
others. It isa remindetthat the value and state$any text (construction,
fact, claim,story, this accountjlepend ormore than itssupposedly'in-
herent"qualities. As wesuggested earlier, thdegree oficcuracy (or fic-
tion) of anaccountdepends onvhat is subsequentipade of the story, not
on the stonyitself. This is thefundamental principle wehowed to be work
in the modalising andemodalising obtatementsLaboratory Life is once
again in thehands of i§ readersexactlylike TRF, TRH, Somatostatin and
the otherfact(or)s wediscussed. It iothers whotransform thestatus of
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theseclaims, making themmore or lessactual,dismembering themincor-
porating them intdlack-boxes fodifferentargumentativepurposes, ridi-
culing them and so onThere isneitherself-contradiction noself-defeat in
recognising thé commondestiny of all claims. On the contrargnce the
common fate otlaims is ecognised, ibecomes easier tonderstand the
differences in predictingachreader's behaviour. Eatéxt, laboratory, au-
thor anddiscipline strives toestablish avorld in which itsown interpreta-
tion is mademore likely by virtue of theincreasingnumber ofpeople from
whom it exracts compliance. In othemrds, interpretations do not sauch
inform asperform. Fromthis perspective, our scientistseobviously better
equipped at performing the world wive in than weare at deconstructing
it. The recognition of thisvast difference is in no way self-defeating. It
merely acknowledgethe presenbalance of forces. Hownuch further re-
search,investment, redefinition of thefield, and transformation of what
counts as an acceptabdegument areecessary to make theccountmore
plausible tharits alternatives?

NOTES

1 Which is the bad guyReaders arénvited totranspose théentitieshere The important
point isthat a metamorphosisccurred

2 Fleck's(1979)account of the way iwhich theWassermameaction came tberelated to
syphillis is nowwidely acknowledged to havpredatedthis trend, having beenriginally pub-
lished inGerman in1935 Westrum ( 1982) has suggestitht Perry's(1966) study ofpsychi-
atric researclalso anticipates theonclusions of.aboratory Life.

3 Reviews andeview articleswhich discussLaboratory Lifeare listed in Additional Ref-
erences (p287),denoted by amsterisk(*) Many "laboratorystudies" (see note 4) also in-
clude acritical evaluationof Laboratory Life.

4 For reviews of the field oflaboratory studies" see, foexample, Knorr-Cetina,1983;
Woolgar, 1982 Empirical analysedfalling under the"laboratory studies"rubric include in-
vestigations of thefollowing substantiveareas: neuroendocrinology(Latour andWoolgar,
1979; latour, 1980, 1981), plant protein research(Knorr, 1977, 1979;Knorr-Cetina, 1981,
1982a,1982b), brainscience(Lynch, 1982, 1985a,1985h),psychophysiology(Star, 1983),
particle physics (Traweek,1980, 1981, forthcoming), solid statephysics(Woolgar, 1981a,
1981b, forthcoming), colloid chemistry (Zenzen andRestivo, 1982) catalytic chemistry
(Boardman, 1980), cellbiology (Law andWilliams, 1981, 1982,Williams andLaw, 1980),
wildlife biology (McKegney, 1982) andimnology (Grenier, 1982, 1983) Inaddition, anum-
ber of articlesprovide generaldiscussions of thémportance of "anthropologicapproaches”
to science(Anderson, 1981; Elkana, 1981; Lepenies1981) buttend reither torefer to, nor
make useof, specificempiricalwork A furtherdetailed study of aindividual scientist's ex-
periences, but whicfails toaddress the sociakocess ofaboratorywork, isGoodfield(1981)
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5 In a marvellously detailed account of the work of a neurosciences laboratory, Lynch him-
self does not claim to have achieved more than "the most speculative grasp of neuroscientific
work within the monstrously difficult strictures of Garfinkel's program" (Lynch, 1985b: 128)

6 A recent meeting of the American Association for the Advancement of Science (New
York, Summer 1984) included a session entitled "Laboratory Studies: What Scientists Really
Do."

7. The "linguistic turn" in science studies can be glossed as the attempt to topicalise the
ways in which scientists themselves do the work of interpretation despite the problem of falli-
bility For example, the focus of "discourse analysis" is upon scientists' organisation of mean-
ing, given the interpretive flexibility of, and variation between, their accounts (for example,
Mulkay et al , 1983; Gilbert and Mulkay, 1984) Such studies fail the requirements of reflex-
ivity to the extent that they purport to reveal (non-ironically) the actual discourse practices of
scientists For a general review of the large volume of different approaches to scientific texts,
see Callon et al , 1986

8 Some recent attempts to pursue this line are Ashmore (1985), Mulkay ( 1984) and Woolgar
(1984)
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