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ABSTRACT

This thesis i1s a development of the programme of
discourse analysis in the social study of science. The

need for an analysis of scientific discourse is demon-
strated by taking representative studies from quantit-
ative, ethnographic, interest and relativist programmes
and showing how each fails to deal adequately with the
texts and utterances which are their ultimate data base.,

The analytic chapters of the thesis are based upon
verbatim transcripts of the discussion periods of psych-
ology conferences, along with psychologists! published
and unpublished writings. The topics of theory
application, values in theory choice, categorisations
of scientists and scientistd interpretation of discussion
are addressed. In each case a distinctive approach is
developed which is sensitive to the wide variation in
scientists! versions of their own and others! actions
and beliefs, and attempts to explicate the interpretative
practices through which accounts are produced. These
analyses cast further doubt on the adequacy of more
traditional approaches.

The analysis also documents scientists' use of tuwo
broad explanatory repertoires, corroborating findings
from other studies of scientific discourse, and des-
cribes some of the detailed interpretative procedures

through which versions are produced and modified, Fin-

ally certain criticisms of the programme of discourse
analysis are discussed.,



INTRODUCTION

The work discussed in this thesis is a development

of the programme of discourse analysis which is at pres-
ent under way in the area of social studies of science.
This is fundamentally different from most of the major
approaches to science taken by other researchers.
Although théiﬁgiffer from one another in many of their
theoretical presuppositions and have adopted widely div-
ergent methodologies, their basic aim is to produce an
empirically based account of events, actions and beliefs
during particular scientific episodes. In the long run
traditional researchers hope to draw together studies of
different episodes and specialties to formulate a social
theory of scientific knowledge production oértest and
improve upon existing conjectures about the way science
develops. Quantitative researchers rely heavily on |
counts of citations to do this, while ethnographers and
relativists tend to take part in scientific culture in
some way, and interest theorists concentrate on the qual-

itative analysis of historical documents. Nevertheless
their fundamental goal is shared.

Discourse analysts have adopted a rather different
basic goal., Instead of trying to produce definitive ver-
sions of scientists! actions and beliefs, and thereby to
develop a theory of scientific change, they are concerned
with the procedures through which scientists themselves
construct their accounts of actions and beliefs and the
way these accounts are organised in different social con-
texts, Although this is a considerably more limited goal
than that common to traditional approaches it is necessit-

ated by certain unexplicated methodological problems which
beset these alternatives uwhether their data is generated

through citation counts, intervieuws, or documentary

analysis, As I show in chapter one, each of these alter-
native perspectives embodies shortcomings which arise

out of their failure to deal adequately with scientists!



discoursein its different forms. In particular, these
studies fail to accomodate successfully the variabil-
ity in scientists' discourse and the specific interp-

retative tasks for which participants! fashion their
discourse.

The analytic materials used in the specific studies
are verbatim transcripts of scientific conferences.

These are particularly appropriate for study because

at conferences scientists meet one another for direct
communication and are able to gain immediate responses

to each others! knowledge claims. Conterences provitt

a situation in which discursive data can be collected
naturalistically, with little or no direct interference
from the researcher. Conferences are a novel situation
for analysis - I have identified only one other study
which uses conference material in the area of social stud-
ies of science; and this was brief and flawed (see chapter
two). In addition, no other studies have looked at rec-
ords of face to face interaction of an adveasorial char-
acter,

The specific analytic chapters of this work address
the topics of theory application, values in theory choice,
scientists! categorisations of their fields, and scient=-
ists! interpretations of their own discourse in transcribed
form. 1In each case the approach adopted is the same.
Participants! discourse is closely examined, paying part-
icular attention to the variability in accounts and the
particular situations in which certain kinds of accounts
are used, The findings question the conclusions of trad-
itional research on these topics while providing further
evidence for the necessity of a systematic study of sci-
entists! discourse. In particular, the studies corrocbor-
ate work on other areas of science which has documented
the operation of two broad interpretative repertoires or
accounting systems. These repertoires are used uwhen
participants account for the applicability of theories,
when they depict the role of values in constraining theory

choice, and when the events in a section of transcript are
characterised. These studies also identify a number of

detailed interpretative procedures through which discourse
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is fashioned to suit the specific context of use,
Finally, it is worth commenting on the issue of

anonymity, It must be strongly emphasised that the

intention of this work is not to offer any criticism

of the participants whose utterances and writings are

examined here. Indeed, it is their very ordinariness

as instances of scientific language which makes them

analytically interesting. Nevertheless, it is not usual

for participants! off-the-cuff statements and early

drafts to be exposed to quite the same degree of detailed
attention as they are here., Consequently to prevent any

undue attention being paid to the contributions of spec-

ific individuals I have used pseudonyms throughout,

- V1ll -



CHAPTER ONE

SCIENTIFIC PRACTICE AND DISCOURSE

In this initial chapter I intend to discuss some of the
main approaches that are current in the social study of sci-
entific knowledge., It would be folly indeed, in the light
of the claims which are to come, to suggest that this is an
entirely dispassionate review of the literature. And it 1s

certainly not meant to be an exhaustive survey which rakes
over every last varied inch of this fast growing fieldl.

Instead it is intended to fulfill a number of considerably
more circumspect goals,

This chapter is firstly meant briefly to summarlise some
of the main theoretical perspectives which are focussed spe-
cifically on the production and reception of scientifaic
knowledge, rather than on purely organisational or psychol-

ogical issues. Thus I will ignore insitutionally orientated

questions concerning, for instance, scientists as a social
class, the relation between research in universities and
industry, or the growth of scientific specialties; and also
issues with a predominantly psychological orientation, such
as the personalities of scientists, the age at which they
produce their best work and questions of scientific genius.
Topics of this kind may occasionally be referred to in this
and subsequent chapters, but only insofar as they are of
direct significance to scientific knowledge itself or are
drawn upon by scientists in their own writings or talk,

A second goal of this chapter is to explicate the way
theoretical perspectives on scientific knowledge are based on

certain analytic practices and to illustrate the sorts of

studies which are taken to confirm or disconfirm such per-
spectives, ThrougHout this thesis I will be concerned prim-
arily with approaches to scientific kKnowledge which are emp-
irically based. Where philosophically orientated theories

are discussed, for example in chapters 5 and 6, my interest

i1s in their empirical implications rather than in their
adequacy as philosophical schemes.

The third goal of this chapter is to document certain
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shortcomings in each of these perspectives on scientific

knowledge which arise out of their failure to deal adequately
with scientists! discourse in its different forms, and in

particular with their inability to accomodate to the role of

discourse in both constructing and making sense of scientists®
social worlds. This will lead into a discussion of those

approaches to scientific knowledge which attempt to face up

to the difficulties of analysing scientists!' writings and

utterances, It is here that I will outline the theoretical
and analytic perspective which willl be adopted throughout the
rest of this thesis and at the same time raise some of the

questions which will be addressed empirically in later chap-
ters.

Let me begin, then, by discussing four central perspect-
ives on scientific knowledge and its production: quantitative
approaches, exemplified in the work of Hewell White, Dan
Sullivan and Edward Barboni; 'constructivism'!, exemplified
in the work of Bruno Latour and Karin Knorr-Cetina; 'inter-

est theory', exemplified by the work of Barry Barnes, David
Bloor and Brian Wynne; and 'relativism!', examplified in the

work of Harry Collins. These examples were chosen to be as

representative as possible of the broad spectrum of contem-
porary social studies of science.

In addition to covering a variety of different theret-
ical perspectives, a strong contrast in methodological
approaches 1s also exhibited. While White, Sullivan and

Barboni argue for large scale quantitative analyses of feat-
ures of formal sclentific publications such as citations,

Barnes, Bloor and Wynne attempt to reconstruct historical

episodes through qualitative interpretation of scientists!

formal and informal writings. On the other hand, although

both Collins and Latour and Knorr-Cetina use a combination
of participant observation and interviewing, Collins has
tended to emphasise the different perspectives found in a
widely separated network of scientists while Latour and

Knorr-Cetina have concentrated on the activities of scient-
ists within a single laboratory.

Overall , then, these studies exemplify the breadth of

both theoretical and methodological positions adopted when

conducting studies of science. In each case, after giving

some general introductory remarks to the theoretical aims
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of the programme I will concentrate on the analytic practice
as seen in a representative study., By taking this approach
I hope to address critically at least one example from each

of the most important traditions in this broad and hetero-
geneous field.,

Quantitative Studies

Unlike the other approaches which I will discuss there
is no single coherent theoretical programme underlying quan-

titative analyses of science. However, quantitative studies,
whether of communication, quality or the reconstruction of
historical episodes in science, tend to presuppose a very
similar set of assumptions about the way scientific activity
may be operationalised in terms of categories which may be
counted in some way. For instance, citation is often used

as an indicator of communication (in the sense that the

cited paper is taken to be used in some way by the citing
author), influence (assuming that the citing author's work
has been affected by the cited article) or quality (with

the number of citations used to measure the deqree of impact).

In each case, although different theories may be tested, the
units and form of analysis are standardised: a numerical
feature of an area of scientific literature is treated as

revealing some feature of scientists! activity or some
attribute of their work®

The study I will examine in detail is White, Sullivan

and Barboni (henceforth wSB): The interdependence of theory

and experiment in revolutionary science: The case of parit

violation™. It 1s concerned with the sociological investig-
ation of phllosophical schemes. It will thus be used not

only to illustrate problems with guantitative research on

science but also with the application of broad philosophical
models to actual scientific episodes,

WSB use citation analysis to examine the changing rel-
ationship between theory and experiment in a specialty of
particle physics called 'weak interactions!'. Their analysis

is 'guided!' by Lakatos's philosophical schema for character-
ising scientific progress and they focus on the idea that

Progress can be defined as the theoretical anticipation of

experimental results: 'Therefore, according to Lakatos, in
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progressive research programmes... theory will anticipate

. . 4
experiment, and experiment will be directed by theory.'
WSB maintain that weak interactions has underqone a scient-

ifically progressive phase following the 'discovery!'! that
one of its previous basic assumptions - the conservation of
parity - was untenable, They suggest that the 'V-A theory!,
which in due course provided a general solution to the anom-
oly of parity nonconservation, is a remarkably successful
theory. The point of their analysis is to show how the int-
erdependence between theory and experiment changed after

the 'discovery of parity nonconservation' and at the same
time to compare lLakatos's speculations about progressive
science with an actual instance. The assumption that weak
interactions is progressive is thus essential to the logic
of their paper; it is this assumption which allows them to
judge the adequacy of Lakatos's analysis by examining its
ability to cope with the case of weak interactions.

WSB proceed by categorising articles and citations in
the field of weak i1nteractions between 1950 and 1972 accord-
ing to whether they were experimental, theoretical or phen-
omenological. Thelr citation data are presented in the forn
of graphs which show the deviation of each year's citations
from the frequencies which would be expected if citation
were random. WSB suggest that by examining the changes in

citations across categories it is possible to measure the

dependence of each category upon the others, and thus, the
dependence of each kind of scientific activity upon the

other two kinds of activity. By plotting these citation
ratios over time, WSB attempt to identify the changing pat-
terns of interdependence between theory and experiment and

thereby furnish a dynamic measure of Lakatos's concept of
scientific progress,

W3SB find that it is only for one short period, immed-
iately after the publication of the theory which led to the

abandonment of parity conservation, that their data are con-

sistent with Lakatos's scheme. During this period there

was a large increase in the citation of theoretical articles

by experimental articles. WSB interpret this to mean that

theory was anticipating experiment; as it should in a

Lakatosian progressive research programme. However, soon

after this, experimentalists seem to have become less con-
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cerned with theory, or as WSB put it:

these data suggest that the number of 'instances ver-
ifying excess [empiricall] content' were decreasing in
frequency. Thus, if we take a very strong position

on the relevance of these data, and if we take Lakatos

seriously, we must conclude that weak interactions

subsequent to 1958 was experiencing a period of ‘'dec-
lining progress?', (5)

WSB describe the specialty of weak interactions as
being revolutionary and progressive. Yet, according to
their operational measures of Lakatos's criteria, progress
declined after 1959, As a result of this apparent inconsis-
tency betueen their results and Lakatos's interpretation of
scientific development, WSB suggest that their findings, in
conjunction with other recent work, weaken our confidence
in the adequacy of the Lakatosian scheme. They point to a
parallel between weak interactions and radio astronomy.

For the latter discipline also experiences an undeniably
Progressive period of growth in which 'experiment almost
always led theory's. Thus neither of these two fields

seems to conform to Lakatos's model of progressive science.
One response, they accept, could be to retain Lakatos'!s con-
ception of progress and to classify radio astronomy and

weak interactions as non-progressive 'by definition'!, But
this, they suggest, 'hardly seems sensible'!, because it
would go against participants! strong conviction that these
fields are in fact progressiue7. It appears to them, there-
fore, in view of the accumulating empirical evidence, that
Lakatos!s model of progressive science is in need of revis-
ion,

In their concluding remarks, WSB seem to distinguish
between the correctness and the usefulness of Lakatos's
speculations, Lakatos may not be right and more approp-
riate emprical classifications will have to be devised, but
his schema did provide a helpful point of departure. UWSB
emphasise the contribution made by Lakatos's writings in
stimulating them to create useful ways of measuring the
relationship between important kinds of social action in
science. They maintain that these measures have led, ind-
ependently of Lakatos'!s philosophical speculations, to a
much richer understanding of the dynamics of intellectual
change in this specialty®

I will now examine in more detail how WSB apply
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Lakatos's philosophical categories to their specialty.

WSB treat thils exercise as if it were quite straightforward;

various terms in Lakatos's philosophy are taken to refer

to certain observable features of weak interactions. Cru-

cial to their argument is the claim that the conservation

of parity is part of the 'hard core! - in Lakatos's sense -

of weak interactions, For they claim that the overthrow of

parity conservation led to the formation of the 'first

truly Y"progressive" research programme in weak interact-

ions'g. Yet WSB relegate the justification of this claim

to a footnote, where they state that there is 'much evid-

ence! that parity conservation. was part of the hard core.,

As an example of such evidence, they quote th_ree lines from

a speech given at a Nobel Prize ceremony, in which a part-

icipant refers to the assumption about the symmetry of elem-

entary particle reactions which was held t'almost tacitly'lo.
Lakatos himself writes only in very general terms

about the hard core being made up of essential or funda-

mental assumptions, It is not clear, therefore, what

elther WSB or Lakatos mean by !'fundamental', although there
is nothing to suggest that Lakatos simply means 'tacitly
held'. Moreover, WSB's procedure of referring to one brief
phrase in a Nobel speech in order to identify a fundamental
component of the hard core seems strikingly asociological.
We cannot take a Nobel presentation speech as a colourless
factual record of the development of weak interactions. It
1s surely the case that such speeches are designed for the

occasion, in such a way that the nature of the 'achievement!
being celebrated is fully recognised., Thus it is equally
possible to treat the passage quoted by WSB as an example
of scientists reconstructing events in a way which makes

their award of the prize appear entirely appropriate and

naturalll.

Despite their claim to be checking Lakatos's ideas by
means of rigorous quantitative methods, WSB's identification
of the hard core in the text of their paper depends on a
highly selective and rather simplistic use of a participants!
account of the 'central assumptions of the field!., This leads
me on to a more basic question about the equivalence of part-
icipants' and analysts' categories, namely: in what sense is

weak interactions a research programme or a series of res-

earch programmes? Lakatos's seemingly commonplace termin-
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ology makes it tempting to equate a research programme with
the social units recognised by participants. However, the
L akatosian concept has an explicit philosophical meaning,

part of which suggests, for instance, that it refers to a
series of theories, each adding clauses to the last12

WSB do not acknowledge this in their paper and they do not
check whether the entity 'weak interactions'!, as defined by
participants, corresponds systematically with the Lakatosian
concept of 'research programme!.

WSB avoid facing this problem of conceptual correspond-
ence directly by simply re-interpreting Lakatos's concepts
in participants! terms. Thus, the research programme under
investigation is treated as identical to the specialty of
weak interactions; the hard core is treated as equivalent
to the assumptions of parity conservation/nonconservation;
theory and experiment are defined in terms of participants'
distinctions between theorists, experimentalists and phenom-

enologists; and so on. Throughout their text, WSB move
frequently and unreflexively between analysts' and partic-
lpants' categories, usually treating the two kinds of con-
cept as equivalent, whilst consistently adopting particip-
ants! terminology, definitions and interpretations as their
own.,

WSB not only give participants!'! categorisations prec-
edence by allowing them to subsume Lakatos's philosophical
concepts, but they also prefer what they take to be part-
icipants! interpretative claims to those of Lakatos uwhere-
ever there appears to be a discrepancy. This can be seen
most clearly in WSB's decision to accept the 'accumulated
wisdom'l3 of participants as providing the most convincing
index of scientific progress. WSB appear to work on the
assumption that if enough scientists say that a field is
progressive, then it offends commonsense to maintain that
1t could be otherwise. The point which I want to emphasilse
1s that central parts of WSB's analysis consist of restate-

ments of what they take to be the general view of the field
as expressed by participants.

There are several problems with this use of scientists!

accounts., First of all, the analysts tend to ignore the

diversity of these accounts., Did the participants all say

exactly the same thing on all occasions about, for example,
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the progressive character of the field/programme? 1If not,
how have the analysts obtained their simple summary of par-
ticipants! views? e cannot answer these questions for
wveak interactions, but the variability of participants'
characterisations of radio astronomy, and their lack of
uniformity or of clear consistency, are well documentedla.
This leads us to a second problem, that of temporal
reference. ToO which precise period does the taccumulated
wisdom! of participants refer? WSB find that weak inter-
actions was strongly progressive in the Lakatoslian sense
only during the period 1957-8 and they conclude that in
Lakatosian terms 'weak interactions subsequent to 1858 was
15. This,
they suggest, seems inconsistent with participants' char-
acterisation .of the field as 'progressive!. But WSB offer

no careful examination of members! accounts in order to

experiencing a period of "declining progress"!

show that these accounts are clearly incompatible with the
results of their citation analysis. It may well be that,
although participants refer loosely to 'the progressiveness
of weak interactions', they would be quite willing to accept
that the field was more progressive in the late 50's than

at any other time.

Thirdly there is the question of what participants
mean when they refer to 'progress' or when they use some
equivalent term. Thus a participant might say: 'Radio
astronomy was certainly progressive during its first two
and a half decades in the sense that new kinds of data and
new realms of study were being rapidly identified. But no
major advances in scientific understanding occurred then.,
Thus real progress, which of course depended on these earl-
ler observations, occurred only after the mid-1960's when
the task of theoretical interpretation began in earnest'.
In this hypothetical, but plausible, statement the notion
of progress is used in a subtle way to encompass the whole
development of the field, yet at the same time to allow for
different degrees, phases and facets of progress. B8y vary-
ing the meaning of the term 'progress!, the speaker can

claim both that radio astronomy has undergone one contin-

uous progressive sequence and that it has been progressive

only since the mid-1960's., These, and many other easily

concelved and easily documented, accounts are quite possible.
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The same kind of possibilities presumably apply equally in
the case of weak interactions. Thus participants! interp-

retative accounts cannot be used in the simple manner exemp-

lified in, but by no means restricted to, WSB's study.

So far 1 have examined the way that WSB either rely on
selective examples of participants!'! actual accounts or sum-
mary versions of participants! supposed accounts as they

try to conceptualise such basic Lakatosian notions as 'hard
core!, 'research programme! and 'progress!. A similar
failure to deal carefully enough with participants! interp-
retative work is evident in their quantitative methods.
Once again, the way in which they deal with members'
accounts undermines their analysis,

WSB do not propose that quantitative methods should
replace qualitative methods, but they do see them as pro-
viding a 'check! on claims derived from qualitative evid-
ence as well as a 'finely calibrated! assessment of research
areas” . Their study, they claim, contains quantitative
findings that prove to be particularly revealingl7. Central
to their method 1s a three-~fold classification of articles
on weak interactions based upon participants! own categories.
It is easy to allocate articles to these categories, they
suggest, because it is 'well knoun'! that elementary part-
icle physics papers are 'quite easily distinguishable'l8
into those whlich concern general theory, phenomenology and
experiment., WSB appear to mean by this that there seems to

be considerable agreement among participants about the use-

fulness of such a classification of articles. Because they
are presupposed in the interpretation of citation data, it
1s crucial for WSB's paper that these categories are valid
and rellable. More specifically, each category of papers

1s taken as representing a discrete class of social action
and the citations between categories of papers are taken

to represent interdependence betuween these classes of action.
Thus WSB's measurements of the interdependence of 'theory!

and 'experiment! ultimately depend on how they allocated
papers to these three categories.

WSB place research papers in the three categories ost-
ensibly by reading the formal text of each paper and by

inferring from the text what kind of scientific action was

involved in generating the text. Thus a 'basic experimental
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paper! is one which 'is not explicitly related by its
authors to any quiding theoretical work'lg. A 'theory-
testing experimental paper' can be recognised when authors
include a statement like the following: 'These theoretical

considerations have stimulated us to undertake a search for

long-lived neutral particles'zo. Phenomenological papers

are sald to involve ideally 'an interface between theory
and experiment'Zl. They are treated as a distinct class
of theoretical papers whose authors are concerned with
'building mathematical models of fairly narrow categories
of empirical data generated by experimentalists'zz. The
authors of 'general theoretical papers', in contrast, are

dealing with 'the very nature of weak interaction, not with
any particular set of particle decays!'®®

One immediate problem with this procedure is that it
appears to take the formal text of the published paper as

a reliable quide to the actions involved in producing 1t
and to other actions on which it reports. Yet there is
clear evidence that researchers can describe a given set of
experiments in quite different terms, depending on the con-
text, For instance, an experiment can be described in the
published paper as a new method for measuring the known
value of a well-established phenomenon, whilst being des-

cribed in an interview as a moderately convincing test of

a controversdal theoryza. It 1s therefore suggested that

there is no way in which WSB can infer the nature of part-
icipants! actions from the formal text alone.

A second problem is that the scope of WSB!'s categories

seems extremely vague. This is hardly surprising, given

that they are taken over from the everyday discourse of par-
ticipants., But while such loose terminology may be per-

fectly adequate for the ordinary interpretative tasks facing
participants, 1t furnishes an insecure basis for WSB's

attempt at rigorous quantitative measurement of social act-
ion. For instance, it is not easy to see any clear dist-
inction between 'theory-testing experimental papers' and
'phenomenclogy papers! dealing with the interface betuween

theory and experiment. It is not even required that the

authors of 'experimental papers! publish their ouwn original

data. For WSB count as experimental papers those where
experimental particle physicists have obtained raw data
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elseuhere and have analysed it251

Similar problems beset their citation analysis. They
assume that citations can be used acs an indicator of 'dep-
endence', or as they put it 'an indicator of the degree to

which theory, phenomenology, and experiment were found form-
ally dependent on each other'zs. In 2 footnote, WSB state

that '"formally! here means 'in the published literature'27
They have, therefore, moved from the Lakatosian conception
of dependence of theory on experiment to the much more res-
tricted notion of 'dependence in the published literature'.
This (unexplicated) translation allows them to maintain that
they are measuring, solely by counts of citation, Lakatos's
complex analytical terms dealing with scientists! actions
and beliefs; for example, theory is treated as dependent on

experiment if theoretical articles cite experimental artic-

les, Yet they give no coherent rationale for this. The
equation of 'dependence! and 'citation' is established ent-
irely by means of an analysts! fiat. That this type of move
is commonly made by other citation analysts does not justify
it, particularly as in other cases citation data are taken
to be a direct indicator of scientists! recognition or even

of the quality of the cited work?®. Each of these variables
is quite different and yet no argqument is offered as to
why citations should measure one rather than another in

any given analysis. These analysts simply take over part-
icipants! conventionalised versions of cognitive interdep-
endence, which have been produced for the specific context
of the formal literature, define them arbitrarily as equiv-

alent to a Lakatosian concept, and treat the ensuring num-
bers as analytically unproblematic.

Even within WSB's paper there are indications that the

notion of dependence is not exhausted by citation counts

alone., Referring to a period when cross citation betuween

'experimental! and 'theoretical! articles was low, they say
that they are:

not suggesting that general theorists were unaware of
experimental data, or that they did not try to influence
the conduct of experiments during this period. Ue
suggest only that their current research was not immed-
lately dependent on current experimental results., (29)

This passage makes it clear that WSB are quite aware that

there may be connections between 'theory' and 'experiment'
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that is, between the actions of 'theorists! and 'experim=-
entalists!, which are not revealed in their citation counts.
This does not, however, lead them to search for more ade-
quate indicators of 'dependence'!. Nor does it lead them to
state their findings in more modest form. Thus the figure
which summarises their findings on weak interactions 1is
entitled 'The Interrelationship of General Theory, Phenom-
enology and Experiment etc.'!, rather than 'Participants'
Versions of Interdependence, as expressed through their Cit-
ations to Various Categories of Published Papers'30.

When we look at the manner in which WSB actually use
their quantitative data, we find that they do not use it as
a check on their qualitative material, Instead, their int-
erpretation of quantitative data is based upon a qualitative
assessment of the field; which in turn seems to derive 1n
a largely unspecified manner from participants'! accounts3l.
WSB introduce thelr quantitative data in the context of a
brief intellectual history of weak interactions. If quant-

itative data were being used to check qualitative material
we would expect that, in the case of disagreement, the

qualitative analysis would be reworked., Yet, this is not
the case.

A good example occurs in the discussion of V=-A theory.
V-A theory is crucial to WSB's analysis, because they pre=-
sent it as the turning-point in the development of weak int-
eractions. They suggest that the quantitative data support
their qualitative estimate that this theory led weak inter-

actions to be thoroughly progressive; that it was 'an int-

ellectual tour de force which anticipated experimental res-

ults for several years'32. Thelr quantitative data consist

of ratios which measure the rates of citation between the

three kinds of research papers and which are taken to rep-

resent interdependence betuween the corresponding kinds of
social action,

Citationo

WSB use a ratio of 1,0 to represent random
lLess than 1.0 means that one cateqory is citing

another less often than would occur if citation were random.

More than 1.0 means that a cateqory is being cited more fre-

quently than in a random pattern. The graphs go from 0.0

to 3.0, but the great majority of (non-self referring) data
points are in the range 0.0 to 1.0.

The V-A theory was published in 1957 and is described
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by WSB as 'extraordinary in the degree to which it seems to
meet or exceed all criteria by which theories are generally
eualuated'33. It is suprising to find, however, that WSB's
quantitative data on the impact of V=-A theory include only
one data point above 1.0 (1858 in Fig. B)3a. WSB point out
that 'in the years 1957-60 the ratio of actual to expected
random references'!, from experimental to general papers
'was close to 1.0'35 and they describe this as a 'huge per-
tubation relative to the years 1952—58'35, when the value
was close to zero. But this summary of the quantitative
data omits 1951, which has a value close to 1.0 and above
those for 1857 and 1860 when the V-A theorv is supposed to

have been making experiment extraordinarily dependent on
theory.

Moreover, not only are data points below the random
level taken as evidence of 1interdependence for the period

immediately following the publication of the U-A theory
(1859, 1860), but this interpretation of the quantitative
data is quite inconsistent with that carried out elseuhere
in the paper. Thus in Fig. 5, WSB deal with citations 1in
the opposite direction, that is, from theory to experiment.
In this case a ratio of almost 1.0 (1953) and several close to
1.0 (1982—3) are simply discounted. WSB merely assert that
the relatively high level of citation by theory of experim-
ent in 19535 does not represent dependence of theory on exp-
eriment. And despite an overall level of citation of exp-
erimental papers by theorists which is at least as high as

that of theoretical papers by experimentalists, WSB choose
only to recognise the dependence of experiment on theory.
Thus WSB's quantitative data, rather than furnishing a
'finely calibrated assessment of the state of a research
programme'” , 1s freely reinterpreted or ignored uwhere

1t appears to conflict with the qualitative intellectual

history that they decide to tell. It is by no means clear

where this qualitative history of weak interactions comes
froms However, it seems likely that it derives in some way
from that class of scientists' folk history in which crucisl

experiments and theoretical tours de force provide the mair
interpretative components38

WSB's overall account of the development of weak int-

eractions stays close to the interpretative conventions
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which scientists maintain within the formal research liter-

ature, Elements of social contingency hardly enter into

their version of events; presumably because such elements
are almost completely excluded from scientists! discourse
in the formal setting. Thus the development of the network
and the relationships between its members are presented as
unfolding in accordance with, and as a result of, scient-
ists! formulation of an increasingly accurate theory. The
abstract accounts of 'theoretical! and 'experimental! act-
ions which scientists employ in their papers provide, for
WSB, the appropriate categories for capturing researchers’

concrete actions in the lab, the conference hall and at the

coffee table. As we will see in the next section, a rather
different kind of study is produced when sociologists focus

on accounts produced in the relatively informal context of
the scientific laboratory.

The Constructivist Programme

The term 'constructivism'! has been used to apply to
various kinds of social study of science. Gieryn, for

example, brackets together work associated with Collins and
Knorr-Cetina, along with studies of scientific discourse,
as the 'relativist/constructivist programme'3g; and res-

earchers concerned wlith the role of social and cognitive

interests have frequently stressed the constructivist nat-

ure of scienceao. Here, however, I will concentrate spec-
ifically on the work of two researchers: Karin Knorr-Cetina
and Bruno Latoural. While their approaches are not ident-
lcal they share a strong emphasis on the central importance
of scientists! practices within the laboratory along with
an assoclated methodological stress on the need for direct
observation of scientists going about their daily tasks.

In this section my concern will not be to detail points of
agreement and disagreement between these researchers but to

show how their general theoretical perspective is based on an
analytic approach which has certain crucial shortcomings

assoclated with its unselfconscious use of scientists?! dis-
course,

Both Latour and Knorr-Cetina contrast their perspect-
ives with those of traditionpal philosophical and sociolog-
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ical approaches which emphasise the central role of soc-

ially invariant criteria in the constitution of knowledge
and which suggest that scientists are principally concerned

with describing reality. Knorr-Cetina stresses the break-
doun of this 'objectivist! view of science which assumes

that 'the world is composed of facts and the goal of know-

ledge is to provide a literal account of what that world is

like'az. Instead, Knorr-Cetina suggests that facts are

fabricated or constructed.

Rather than view empirical observation as questions

put to nature in a languaae she understands, we will
take all references to the "constitutive!" role of

science seriously, and regard scientific enquiry as a
process of production. Rather than considering sci-
entific products as somehow capturing what 1is, we
will consider them as selectively carved out, trans-
formed and constructed from whatever is. And rather
than examine the external relations between science

and the "nature" we are told it describes, we will
look at those internal affairs of scientific enter-

prise which we take to be constructive. (43)

This stress on the constructed nature of facts, along
with the suggestion that scientists are not orientated

towards a natural reality is mirrored by Latour and
Woolgar,

If facts are constructed through operations designed
to effect the dropping of modalities which qualify

a given statement, and, more importantly, 1f reality
is the consequence rather than the cause of this con-
struction, this means that a scientist's activity

is directed, not towards "reality", but towards these
operations and statements. (44)

For both Latour and Knorr-Cetina, then, 'reality'! is seen

as a' 'product' of scientists' laboratory practices rather

than the object with which these practices are concerned.
The explicit epistemological consequences of these

proposals are unclear., Latour and Woolgar, for example,

oppose their constructivism to the realist philosophy esp-

oused by Bhaskaras. For them the realist position depends

on the circular argument which explains the findings of
sclence as a product of Ythe natural world' and 'the natural
world! as a discovery made using the methods of scienceas

For instance, Latour briefly reconstructs the history of

paleontology in an attempt to illustrate a continual and

viciously circular alternation betueen explaining the real

nature of dinosaurs in terms of science and the findings of
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science in terms of the real nature of dinosaurs.
Knorr-Cetina, on the other hand, draws more approv-
ingly on Bhaskar's work. Indeed, she implies that his pos-
ition, while retaining an outmoded notion of the goal of
science being to decipher nature, can underpin a construct-
jvist approach to science through stressing, for instance,
the causal role of experimenters in creating lawlike con-

junctions of euentsae. Moreover, Harre, in his preface to

Knorr-Cetina's The Manufacture of Knowledge, is even less
ambivalent about the realist nature of Knorr-Cetina's work.

He suggests that science only makes sense in realist terms,
and that Knorr-Cetina's research 'is a realist enterprise,

an attempt to truly represent the social order of life in
laboratories and institutes of research, just as they are!“”

And indeed Knorr-Cetina draws heavily upon Harre's ‘'etho-
genic!' theory of social life, which attempts to reveal the

structure of the social competence which he takes to enable
the generation of social actiuity50

Whatever their detailed epistemological proclivities,
both these authors stress that the production of knowledge
is intimately bound up with the idiocyncracies and possib-

jlities inherent in particular scientific locations, For
Knorr-Cetina the products of science are,

contextually specific constructions which bear the
mark of the situational contingency and interest

structure of the process by which they are generated,

and which cannot be adequately understood without an
analysis of their construction. (51)

Similarly, Latour and Woolgar emphasise the role of the

specific social context and, moreover, the way scientific

products are constructed to appear independently of it.
They claim that,

science 1s entirely fabricated out of circumstances:
moreover, 1t is precisely through specific localised

practices that science appears to escape all circum-
stances. (52)

Latour and Knorr-Cetina's analytic emphasis on the
central importance of ethnographic, observational studies
of scientists' practice flows directly from their theoret-

1cal insistence on the dependence of scientific products on

the contingencies of specific locations. For Knorr-Cetina

in particular it sometimes seems as if the metaphor of

Knouwledge manufacture is taken so literally as to imply
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that knowledge is produced in the laboratory like loaves
of bread in a bakery:

...1t is clear that the question of how scientists

produce and reproduce thelr knowledge refers us to

the site of scientific action., It prompts us to

look (and as closely as possible) at the process of
manufacture of knouwledge on the spot. In other words,

we must dismiss the battery of intermediary tools
normally used to negotiate with social reality, and .

immerse ourselves directly in the stream of scientific
action. (53)

It is interesting to note that, despite Knorr-Cetina's
swingeing attack on notions of science which emphasise rep-
resentation and description, visual metaphors of this kind
are omnipresent when she characterises her own analytic
practice. In the above extract, for instance, we are
asked to 'look'!, and look 'closely!, and thereby become

'directly immersed! in the 'flow! of scientists' actions.
Furthermore, Knorr-Cetina's text is organised to suggest
that there is a specific 'site' for production, a !'spot! at
which to look for the formation of knowledge. Although
this recurrent metaphor sustains the idea that ethnogqraphy
is central for the study of scientific knowledge it does

so only by presupposing a highly asocial conception of
knowledge which places paramount stress on construction

and validation processes occurring within the laboratory
at the expense of broader social processessa.

Latour and Woolgar take a rather broader view of the
process of fact construction. 1In their analysis of the

making of a particular fact they treat the factual status

of scientists' claims as dependent upon broad acceptance
by a particular scientific communityss. The actions found

within any specific laboratory can be at most only part of
this process. This means that the kind of close observat-

ional study advocated by Knorr-Cetina is quite impractical
when dealing with the entire process of scientific knowledge

production™ ., Not only is the process dependent upon the

responses of a dispersed socia% network but it is most
e
unclear what exactly one wouldkseeing which would constitute

the acceptance of a fact., Latour and Woolgar use a citation

analysis and study the changing modalities on claim state-

ments as indicators of the taken-for-granted status of a

fact. Knorr-Cetina wishes to transcend such intermediary

tools; yet what is observable without them she never makes
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clear.

Despite being forced back on to indirect measures in
their study of the construction of a fact, Latour and

Woolgar appear to concur with Knorr-Cetina on the issue of
the mediation of scientific reality. They suggest that

observation can avoid the problems which arise when trying
to use scientists! accounts of various kinds which may be
misrepresentations or merely conventionalised reconstruct-

ions of scientists' actual practices.

scientists! statements... systematically conceal the
nature of the activity which typically gives rise to
their research reports. ...the fact that scientists
often change the manner and content of thelr state-
ments when talking to outsiders causes problems both
for outsiders' reconstruction of scientific events

and for an appreciation of how sclience 1is done.

.oeit is necessary to show through empirical invest-
igation how such craft practices are organised into a
systematic and tidied research report. 1In short, how
is it that the realities of scientific practice become
transformed into statements about how science has been

done? (57)
It is only through examination of scientific practices at

a sufficiently close level, argques Knorr-Cetina, that the

analyst is able to 'differentiate between knowledge-

constitutive procedures and rationales'sa.

Despite their stress on observation as a solution to

problems of unreliability in characterising actions from

scientiflic discourse, both Knorr-Cetina and Latour accept
that in practice there can be no simple distinction between
observation and the use of scientific accounts. For sci-
entific accounts must be used to make sense of observations;

the observations are only given meaning in terms of scient-

ists! local semiotic systemssg. Or, as Knorr-Cetina puts

it,

. s sunderstanding... cannot be gained by observation
alone, We must also listen to the various forms of

talk about what happens... For the scientists, the
savage meaning of things is contained in their lab-
oratory reasoning; and the talk which centres around
this reasoning must be our major source of informat-

ion. (60)
Furthermore, when we examine Knorr-Cetina's analytic

practice this caveat takes on a crucial importance. 1In
virtually no cases does Knorr-Cetina present data in the

form of direct observations. Instead it takes the form of

either excerpts from drafts and paperssl, sections of sci-
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entists! talsz, or vignettes describing broad social epi-

50d8563. Likewise with Latour: the vast majority of the

data he presents consists of verbal or written traces of

one kind or anothersa. It seems, then, that in the work

of both Latour and Knorr-Cetina there is an important ten-

sion between the analytic claim to be observing scientists,

so as to avoid the distortions of indirect measures, and

the analytic practice which is heavily dependent upon sci-
entists' versions of their actions embodied in their discourse.
The implications of this can be seen more clearly by exam-

ining the way specific analytic claims are arrived at,
Let us take as a specific research example Latour's

paper: Is 1t possible to reconstruct the research process?;

Sociology of a brain Eeptidess. This article is particularly

apposite for examination here because it claims to be illust-
rating the utility of the constructivist approach to science
by reference to a particularly straightforward case study.

It also shares many features and claims with Knorr-Cetina's

work. Latour describes the goal of the paper as being to
demonstrate the appropriateness of a number of 'external'

concepts in the social explanation of the synthesis of a

single brain peptide. He starts it off by commenting on the
traditional distinction between 'external'! (social) and

'internal' (rational, cognitive) factors in the production
of science, and he suggests that concepts traditionally used
to explain 'external!' factors have been shouwn by recent soc-

lal studies of science to be equally applicable to 'internal!

factors: 'indeed, the whole process of fact construction has

been shown to be accountable inside a sociological frame-

workss. The paper 1s organised in sections which suggest,

in turn, that the research process is 'contextual'!, 'hetero-
geneous', 'opportunistic', 'idiosyncratic! and 'fiction
building'. T will follow Latour's sequence, and for the

sake of brevity concentrate in detail on only the first three
of these concept587

Latour claims that the research process is 'contextuall,

that is, that the meaning of scientific statements is dep-
endent upon

he does not

features of

the peptide

the context in which they are produced. Houwever,
wish to restrict his claims simply to nominal

scientific talk; Latour suggests that whenever

somatostatin is used in a new research programme,
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the meaning of the original molecule, and then the

very nature of this molecule, is modified and rec-
reated, (68)

We must be clear about what Latour is claiming here., 0On a

first reading it might appear that Latour is implying that
the actual physical makeup of the molecule is changed when-
ever it is used in a new research programme. However, it

is clear from the discussion of contextualisation in Latour
69

and Woolgar “that this is not what Latour intends; rather
he is proposing that as the 'meaning! of the molecule
shifts so the participants will see the actual structure
of the molecule differently.

For example, Latour describes how prior to 1874, in a
particular laboratory, the somatostatin structure meant
'an order from the brain to stop releasing qrouwth hormone'70
After this time, however, in another laboratory, it was
suggested that the peptide inhibits insulin. This in turn
led to a search for a form of the peptide which would in-

hibit the glucagon that is dangerous to diabetics while rel-
easing the vital 1nsulin; and this was big business.

O0f all possible analogs, the ones that have to be dev-
ised in priority are the ones able to mean: '"block
glucagon, release insulin", because each ofthem 1is

worthmillions of dollars if it could be some help in
treating diabetes. (71)

In what sense has the '"meaning of the molecule' changed
across these different contexts? Take, for instance, a hyp-

othetical example. A coffee grinder is initially used for
grinding coffee; it might, however, be later noted that it

can be used for grinding nuts to go into vegetarian rec-
ipies (on a large scale, surely a multi-million pound ind-
ustry!). The sense in which the meaning of 'coffee grinder’
has been modified when it is given this new function seems

to be trivial; 1t is not at all clear that users (and they

are crucial for Latour) would say that the very nature of

the coffee grinder had changed. Likeuwise, we would not

expect a traditional historian of science necessarily to
claim that the meaning, and therefore the users' under-
standing, of the nature of somatostatin has been changed as

new uses are found for its derivatives: and this is crucial

because Latour's account is essentially based on just such

a traditional reconstruction. He simply takes what must be

a typical participants! potted history and recasts it to
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produce the effect of meaning change; that is, despite his

stress on contextual changes in meaning he presupposes a
a high level of meaning invariance,

We can see why this is so, if we examine his notion
of context more carefully. Essentially he has taken over
this notion from participants! conventional classifications
which divide science into broad units such as research pro-

grammes. These are seen as organised around specific quest-
ions: can we find a way for thispeptide to inhibit glucagon?;
can we make it release insulin? Such questions are likely

to appear prominently in grant proposals and in participant§
generalised characterisations of other groups in the area

of neuroendocrinology. Latour thus seems to take his
analysts! category of context directly from participants!

own representations of divisions within the discipline.

The only time he identifies meaning change is when partic-
ipants' identify a shift in research programme. Moreover,

as I have tried to suggest with the coffee grinder example,
it is not clear that participants would treat Latour's
analysis as anything more than a redescription of their

own folk version of the changing research process and the

way attitudes to the molecule and emphasis on different

aspects of 1ts structure change according to the goals of
the programme.

All this 1s not to suggest that the meaning of somat-
astatin is not variable; rather it is intended to illust-

rate the inherent limitations of Latour's specific approach

to variability. His stress on the significance of scient-

1sts! statements of the molecule's structure ought to have

allowed him to look at how they were modified across dif-
ferent contexts.

Yet he was constrained by his simplified

participants' definition of a context. If he had examined

neuroendocrinologists! discourse more critically, with a

more sophisticated conception of context, he might indeed
have been able to show that the very structure of the mol-

ecule was differently understood or formulated in various

contexts, For instance, we might speculate that certain

kinds of version of somatostatin's structure (for example
those stressing its potential for alleviating diabetes)

would be reqularly used in proposals for obtaining funding

or in the presentation of the field to laypeople72. It
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might also be the case that neuroendocrinologists would use
different versions of the structure of TRF, the molecule,

when emphasising or denying thelr shared membership of cer-
tain categories of scientists73. This approach could have
provided strong evidence for the socially occasioned meaning

of somatostatin; yet it is closed off to Latour by his over-
ready acceptance of broad participants! glosses which obsc-

ure exactly the sorts of discursive variability which would
have been analytically interesting.

Latour's second claim is that the research process 1is
'heterogeneous!. By this he means that 'no matter hou

close one tries to be from (sic) the research process, no

homogeneous set of factors that could be called 'internal'

or 'purely internall', 1is uisible'7a_ Instead, many factors,

originating in different areas of the social world contrib-
ute to the production of any particular findings. Latour

uses extracts from interviews as support for this claim,

These suggest the importance of 'qut feeling' and chance 1in
addition to rational consideration.

All the Rlanine modifications had been done... From
the literature 1t is known that Trvptophane is imp-

ortant biologically... There is also a gut feeling...
I just had received some D-Trp... for LRF... I tried

the first D-modification (instead of the levoratatory

form only existing in nature). It turned out that I
hit right in the bull's eye, (75)

They also suggest the importance of issues concerning power
and authority between individual scientists,

There were tensions in the laboratory... also I had
trouble to cyclize somatostatin... something seemed

to be missing. Then I supposed that the structure
of natural somatostatin was not the published one

and that homocysteilin was necessary; the synthesis
would have been made easier and I would have proven
that X [his chemist competitor in the lab] uas
WIONGs o » (76)

For Latour, the heterogeneous nature of the research

process 1s documented by jumps between one line of reason-

ing to another in these extracts, from social to rational

considerations. However, it is even more strongly in evid-

ence, suggests Latour, when these accounts are compared

with those from other scientists who formulate totally con-

trasting versions of these actions. For instance, lLatour

cites another scientist's reaction to the first of the two
extracts quoted above.



It is not by chance at all! N came with a model of

the molecule; he gave a seminar or something; his
molecule was folded at the eight position; I immed-

iately suggested to put a D-Trp at this position;

that was the only way of reinforcing the molecule,
probably, N's model was wrong, we know that now...

Anyway, we would have done it sooner or later. That

was systematic. But we saved, maybe a year by doing
it in the first place. (77)

As we will see, this problem of variability within and
between scientists! accounts has been found to be pervasive

in studies which attempt to use scientists! discourse in

vhatever form ~. However, Latour's response to the problem
is deeply flawed; he takes these contradictory accounts as
evidence that the actual process is in fact heterogeneous.
That 1s, he treats variability in accounting as an indicat-
ion that various different processes - some rational, some
social - all have an impact on scientists! practice. The

implicit approach seems to be that there is a core of truth

in all accounts even though they can be contradictory. It
seems that Latour accepts that there are no criteria for

separating those accounts which are true from those which
are false; yet at the same time he wishes to infer from

them substantial claims concerning scientists! practice.

He thus adopts this compromise position which implies that
there is some, but not the whole, truth in each account.

This, however, forces Latour into the uncomfortable pos-

ition of having each additional account imply that the res-
earch process was actually that bit more hetrogeneous. The
more variously accounted an episode (think of Galileo and

planetary rotation!) the more heterogeneous they actually

become. This approach to scientists! discourse is all the

more surprising as elseuwhere in the paper Latour notes that

'there is nouwhere any account of research that could be

something more than a fiction'7g. Taken seriously this

might have been the basis for a more viable analytic pract-

ice (this is discussed above); indeed, Latour might have

found that there was a highly organised structure to t he

accounts which, taken literally, implied only chaos and con-

fusionBD. As 1t is, this claim stands in uneasy tension

with his analytic practice.

If we examine Latour's next Claim, that the research
process 1s 'opportunistic', a very similar difficulty in
in the use of participants!' accounts becomes apparent.
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Latour takes 'opportunism' to mean that scientists react

to local circumstances by creating context dependent chains
of reasoning and formulating provisional rules, rather

than by the application of generalised, preformed ration-
ales., Again, this is an interesting and important claim;
yet Latour's evidence for it is by no means unproblematic.
He contrasts two sorts of account of the research process.
One of these depicts it as being a logical sequence of

reasoning and operations derived from a small number of
broad premisses., For instance,

If you give me a peptide, 1 could devise several hun-
dreds of analogs, just from what is already knoun 1in

the literature: the D-series, the Alanine series, the

replacement by Gly; the deletion series; all that 1is
known, it is logical, (81)

The other kind of account characterises the research proc-
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