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YES, BUT AT ARM’S LENGTH!

Yves Gingras

All science would be superfluous if the outward appearance
and the essence of things directly coincided.

Karl Marx, Capital, volume 3

OVER THE LAST 15 YEARS, sociologists of science have produced a

great number of fascinating, fine-grained analyses of scientific
practice, emphasizing the variability of methods and practices of
scientists and engineers as well as the contingency of the resules or conclu-
sions they obrain. The main agenda of this research program was two
counter the then dominant conception that scientific knowledge was
simply the end product of the application of logic, observation, and ex-
perimentation, the results of which were somehow an adequare represen-
tation of the real world existing outside and independently of the scientist.
The microanalysis of scientific experiments and controversies has shown
that these practices are in fact quite complex and should not be taken to
constitute an uxproblematic bedrock on which science is once and for all
securely founded. It is a great merit of the constructivist approach to have
shown philosophers that simple models based on an abstract “rationality
Q\Q.‘ % W L\L\.UE(\A < \3 &CX -Z_ . (_ EA\ _ of scien_ce” must be al?anc_loned in _favor of much more contextualized and
dynamic models of scientific practice.

. N y \ That bei id,itis i tant te that f the striking feat
C‘)L’\QJ\)*\Q—\(_ Q(}'@&b\*tLﬁ. . SY\\LDC\&S at being said, it is important to note that one of the striking features

of the constructivise! literature, particularly in recent years, has been the

PTN‘)\ "-.J\TBG‘QQ.S BQ CLB‘LU% Q\\\\ LS. proliferation of code words or buzzwords and “principles” supposedly

necessary to understand scientific practice: “seamless web,” “heterogene-

) . . \3 o . \.hﬁ.("bl cesh ous engineering,” “actor-network,” “actant,” “black box,” and, to men-
C,\}\\C_RLBD C'\J\-\C'& %D t ¥ \I A tion an example that has probably not yet reached the English-speaking
WAL | .0 MR

1. Though one should distinguish berween many species of “relativists™ and “construc-
tivists,” the term “constructivist” will be retained here for the sake of simpliciry. It applies o
all the licerature discussed in this paper.
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world, “investissement de forme.” As for.the “principles” m*;oked; ;h:s}:
are considered self-evident, and mentioning Fhat' thc)l( have: ecn tr :
gressed in an analysis now seems sufficient to ]ustnfy.dlscarcllmg 1125 resu ts
without further comment. The best-known.examgle is certaulil}f the pn::
ciple of symmetry.” Whereas it has been w1§iely dlscuss'ed and is ve?r l:'za[
ful as a beuristic device in sociological practice {though its epzstem];) og
status is controversial), “extensions” of it (such as th_e symmetry e'twheer:;
animate and inanimate or berween nature a.nd SPClEty) ap‘?ear w1t1 ou_
much discussion or justification, like the curious idea that t.he exE ana
tion has to be at least as rich as the content” thatisto be Fxplgn_net_:l {h althscrl
1988a, 258). Frankly, I just do not see any reason to litnit a priori t f'ml ’
of explanation to be offered and would not be averse to accep cii
“simple” explanation for a ““complex” pheriomenon if it were cc:o;wml rg]
The case of chaos theory is a perfect examPle o_f the p0551b1h.ty ;) e::cpt_ac:n5
ing the complex behavior of systems by using simple dynam;a e;?cai; s
(see, e.g., May 1976). Larour’s statemt_:nt,:s CVC[‘I‘ morelprg ezl"s.lm v
keep in mind that the categories c_>f “rich” and c‘c:mplf:}lcl an t uctgd ;
are not given or self-evident but, llf I may say so, “socia y constr o b.:“
Finally, other kinds of statements in the literature appear I:'_s p;maP out
are actually more like incantations—for e?ca?nplef, the l}?, it of stating hac
“che technical and the social cannot be dlstmgms}_led. These Statﬁmed ;
are often found in the introductions and conclusllons of. papers that de
scribe case studies making many such supposedly impossible Fl&stmcthnts;
The problem about all this is not that we Flo not need ;;pemE c Fcf‘:,lc;f X
to study science and technology fror.n a gomologu:al point ohv;i: E.Ehere
rather that the dynamic of exchange in this field has been :;uf(“;l tl a e
is now a cacophony of discourse and lFleas that makes it ldiu 21 'tf?efem
point, understand, and evaluate the various views put fgrwar y ‘%r 11 oot
“schools.” In their criticisms of Latour and Callon, Collms:‘an e;r ya
note this problem of interpretatign. Th(?y even ccml?::ss:ﬂ O\lr)er tnet 3(:;:
{they] have found difficulty in taking seriously the more flamboya <
ments of the Actant Network School at face value b_ut, fearing to appe
foolish, [they] have kept quiet” (1992, 370, emphasis afided). o
This confusion partly results from the tgndencylf to ]uxtapos§ ma ﬂ .
these buzzwords, principles, and incantations without Legar to tte neclr
consistency. One of the objects of this paper is to show that copsrlrsmnto)g
and clarity have not always been characteristics of ::,he p‘r‘cllnunma entos
found in the papers which use the “_acror-nerwork or “heterogen o
engineering’” language. To do so, Twill look_ at the way t‘hesie notlotnidies
presented, defended, and used in the narratives of empirica fca}ie stu 1
After this critical part, which takes up the first .ﬁve sections 0 ht e pasgé;_
will propose a sociological model of the practice of sc.lenc:; that is :OE e
ive, is consistent with our present knowledge of the microdynamic
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search, and takes into account structural constraints on scienrific pracrice
that are invisible at the microlevel of analysis. Only in this way can invar-
iants be recognized in the infinite variations observed in the many micro-
histories of controversies and of scientific practice.

1. HETEROGENEQUS OR HOMOGENEQUS?

Nowadays, no “serious™ paper in sociology of science can begin without
stating (not arguing) that “technical, social, economic, etc., factors are
inextricably bound together.” The most developed positions in this regard
are no doubt the so-called actor-network and heterogeneous-engineering
approaches, which try to take seriously the impossibility of discriminating
between the kinds of objects and factors that enter into the dynamic of
scientific activity. For Callon and Latour, for example, not only can we
not distinguish the “social” from the “technical” but even the distinction
between animate and inanimate actors or objects is arbitrary—a turn to
hylozoism brilliantly analyzed by Simon Schaffer (1991).

The first point to make concerning the proclaimed “indistinctness” of
the entities usually referred to as “science” and “rechnology” is that if it is
to be taken seriously, then one can hardly see how one could even talk
about science and technology. It should go without saying that it is impos-
sible to write or even think without making distinctions and that even if
in the “real world” everything were in everything, any analyst (as the term
suggests) would have to make distinctions to describe, analyze, or com-
ment on a situation. This is why vocabularies devised to try to convey the
idea that “everything is in everything” engender some confusion and, as
we shall see, do not really reflect the content of the case studies they pref-
ace {or follow).

Take the word “heterogeneous.” In conventional dictionaries it refers
to objects that are different, distinct, and separated. A heterogeneous mix-
ture of liquids is one in which the two liquids do not mix together—oil
and water, for example. So it is more than curious to see those who want
to convey the idea that social, technical, animate, and inanimate cannort
be distinguished a priori since they form an “organic whole” (Callon
1987, 84) use the term “heterogeneous engineering,” which suggests ex-
actly the contrary. Rather, one would have guessed that they would have
come up with, say, something like “homogeneous engineering.” The use
of “heterogenecus engineering” can only mean that all the facters in-
volved are distinct and brought together in a whole that may then become

a “seamnless web.” On the Cartesian scale of “clear and distinct ideas”
Thomas P. Hughes {1983) is more consistent than Law or Callon for he
explicitly distinguishes between animate, inanimate, political parries, en-
gineering companies, and so on, and shows how all these components
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have been linked and transformed into a “seamless web” in which ir has
become difficult to disconnect the social from the technical. In other
words, for Hughes, the seamless web is the result of the process of con-
systems. .
Strucstilrl:fe c}:ne simply could not write without making distinctions, 1t ;15 not
surprising to see that in all the narratives constructed to unf:le.rstar} hat:xy
<cientific or technological development, authors cons_tantly distinguish be-
wween factors that are not supposed to be distinct. Since Law and Callon
have been the most forceful 1o voice this “indistincmess"-betwger} various
categories (social, technical, political, and now econom_lc'al), it is fair to
look at their joint paper devoted to the analysis of‘afn-usl'll mlll:ary air-
craft project to see how they manage to hold to thelf‘ principles.
As usual, the introductory manifesto notes thar “any attempt to se_pa—1
rate the social from the non-social not only breaks., the‘: mcth_odolog'l;alx
principle of following the technologists. It is a.xlso, quite simply, ngosm e
because the social runs throughout the technical and thus cannot be sepa-
rated from it” (Law and Callon 1988, 285). The ﬁrst problem here is that
we are never told if the impossibility of separating these fac:or-s comes
from the fact that i practice (at the ontological level) they are !mkecci] or
mixed together and/or that these ana-!ytical tools are not useful lln L;!n er-
standing this reality (the epistemological level). One can frequently zstfnk;
guish factors that cannot always be sepamted._ The second prob em thd
this position is. that the authors in fact describe tht.t TRS 2 }l:m:fc't an
explain thatits future “depended on two factors. Ori the one hand, ltdw;:
important to demonstrate the technical competence of thg project egx th
best way to do that was to have a successﬁfl maiden ﬂaghlt. ... On the
other hand, the outcome of the general e!ect:oft was also wta-l. Conserviaci
tive success would assure the future of the project. I_al"J‘our victory wou ]
call it into question” (293, emphasis added). For an “average lp‘Olltl(Ea
scientist or sociologist this analysis would pose no problem, for itis quite
traditional. These potential (and ideal) readers would -allso see nothing un-
usual in the fact that the experimental flight “was highly sgccessful, the
aircrafe handied well and there was no hint of the destructive resonancfi
that had plagued the engine” (293)-. They cqult{l .also easily undei:stand
that opposing political parties had different prioriries so that once Tj ect(e::l ,
the Labour Party, “beset by economic problems, 9u1cl,<,ly ordere EL €-
tailed scrutiny of the various military airCJ_:af‘t projects” (293, erﬁp asis
added). They would find the detailed description of the events an ne.go—.
tiations that led to the cancellation of the program to be very intergsting:
the Treasury Board was against the project, the minister of defence’vas in
favor of an American F-111,and so on. In shorr, Fhey would_ recognize in
the narrative the usual objects and actors making up society (Labour
Party, Treasury Board, cabinet ministers, etc.) and conclude that there was
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nothing unusual or startling in all that. And even “traditional” sociolo-
gists or political scientists would accept their conclusion that “the project
went through different phases, some of which were more technical in
character, while others were more political” (295, emphasis added). Fi-
nally, they would also probably be convinced that, given all the factors
involved, “the development of the project was contingent.” At least [ was
and cannot see why the authors suggest in their introduction that their
analysis will “lead to a conclusion that is counter-intuitive for many soci-
ologists” (284, emphasis added). Again, beyond the self-proclaimed
“radical” or “counter-intuitive” character of the actor-network approach,
the narrarives produced are fairly traditional.

To an oursider to the ongoing debates among sociologists of science,
the traditional character of these descriptions and narrations {and other
case studies would show the same structure) is plain, and the extracts
quoted above are sufficient to show that the authors constantly make
clear-cut distinctions between many kinds of objects and actors in order
to make sense of the “world” they analyze.? Thus, not only do they locate
two “political parties” in their story but they also isolate “two factors”
important for the future of the project, one being “a general election,” an
object quite familiar to political scientists and even sociologists. Since this
choice of factors was made among what is a priori a great number of pos-
sible elements that should not be distinguished, the authors did not apply
their “methodological adage” (Law and Callon 1988, 285) very well and
even forgot to remember Callon’s order that none of the ingredients “can
be placed in a hierarchy or distinguished according to its nature” {Callon
1987, 86). Moreover, in the temporal succession of events, where discon-
tinuiry is admittedly more problematic than between kinds of actors or
objects, they even distinguished berween “more technical” and “more po-
litical”” phases.

In his paper on the Portuguese maritime expansion, John Law also
shows his capacity to constantly distinguish (at least analytically) the so-
cial from the technical: talking about the set of relatively stable associ-
ations between the cannon, the ship, the master, etc., Law writes that
“some of [the] hostile forces were physical (the oceans), while others were
social {the Muslims)”’ {Law 1987a, 247). Note also that physical reality

2. Ofcourse, one is always open to the charge of quoring out of context—the usual and
easy argurnent. To this argument 1 can only respond by suggesting thar the reader read slowly
and carefully the papers referred to, applying to them the method of highlighting.the tradi-
tional distinctions thar are constantly made in the course of che narrarive, as well as the
words used to denote causality or to identify the subject of action; all this without paying
attention to or being impressed by the introductory manifestos, which try to orient the reader

by already imposing on the text an incerpretation that is in fact inconsistent with irs gram-
matical and semantic conrent.
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{“oceans”) is introduced as an explanatory factor on the same level as
social factors in the good old realist tradirion, w}}:ch hgs never b.cen shy
of combining social and technical factors to exPlam a given situation. [

So, if there is anything «“counter-intuitive” in their paper 1t 1s Probab y
the fact that the reader is uneasy in the face of statements of prmcxple's that
are contradicted in the main body of the text. How are we to explain the
:asistence in some quarters to repeat constantly, in _intr.oducnon:s and con-
clusions, statements of principles that are not applied in the main body of
the text? Either the authors mean what they say or they don’t. Let us sug-
gest some possible interpretations.

2. Do THEY MEAN WHAT THEY Say? .

A charitable interpretation of this apparent contradiction is to suppose
that they do not really mean what they say and that the contradiction
between the content of the analysis and the introductory statements can
be atrributed to a lack of clarity: by saying that one cannot distinguish
between all the elements intervening in the dynamics of science or t(lech—
nology, they only mean that science and technology are not dom? mda
vacuum but with many other “tools” and that one can never say 1n ad-
vance how the actors will combine these different (thus “hetffrogencous )
elements; they just want us to sce that there arc_complex re:laltlons bf:twefani
objects and actors and that neither technologma'l determinism nor SOC_lra
determinism can explain the development of science and technology. To
rake the analogy of a cake, it is clear that once 1t 1s balfed the chpc_olate
cake is perfectly homogeneous, and a child may be convinced that it is not

composed of several “heterogeneous’ ingredients mixed in definire pro-

portions.? But the cook knows that despite appearances it is mdet_ed the
case and could show it by a chemical analysis of the ca'ke or, more srlmply,
by making another one in front of the ghild an(? showing ho'w mnxmg th?
ingredients in the right manner and in the right proportions {and, ©
course, with all the racit knowledge of the true chef!) gives this homoge-
neous appearance. e olared
The lack of precision of many statements concerning the role playe
by different factors in the analysis of science and l:e-chnology also comes
from a shift in the meaning of the rerms and expressions used. When Law
writes, for example, in the conclusion of his paper on Portuguese exparn-
sion that his approach “makes use of a vocabular¥ that does not c.hstmé
guish among the social, the scientific, the tech_nologxcal, the economic an
the political, and makes no a priori assumption that one of these cam::}s

3. Thanks to Philippe Faucher for the analogy of the cake, which [ developed according
[0 My OWn taste. . . .
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greater explanatory weight cthan all the others” (1987a, 252}, we are not
told whether the lack of distinctions refers to ontological, epistemological,
or methodological levels. Does he simply mean that the fist of possible
explanatory (or at least intervening) factors is open or that trying to dis-
tinguish between these factors is not legitimate and, consequently, that no
such list, however long, exists> Whereas the second part of the sentence
suggests the first interpretation, the first part suggests the second. Whar is
clear, as we have shown above, is that despite affirmation to the contrary
the empirical description does in fact make the distinctions between all
the enumerated facrors. And if they were not distinguished, how could one
talk about the relative explanatory weight of factors? Only if one first
distinguishes them can talk about relative contribution make any sense.
Shifts in meaning of the terms used or in the levels of analysis are frequent
in heterogeneous-engineering and actor-network language and probably
explain the difficulty of knowing exactly the sense of the interpretations
offered, as Collins and Yearly (1992) have noticed. Olga Amsterdamska
(1990) has also shown how deftly Latour constantly moves back and forth
berween semiotic and commonsense definitions of terms, thus making it
impossible to attribute any definite position to the author, When Callon
writes that all factors “are inextricably bound up in an organic whole”
(1987, 84), he cites as confirming evidence Pinch and Bijker (1984), who,
according to him, “also show the impossibility of separating the definition
of technical problems from the socioeconomic context to which the inves-
tigators associate them” (Callon 1987, 102, emphasis added). Here Cal-
fon conflates two different problems: the analytical distinctions between
the factors involved and the role played by these factors in the definition
of problems. Saying that all factors form an organic whole amounts to
denying the possibility of distinguishing them, whereas saying that the
definition by social agents of technical problems is contingent on social
situations is not equivalent to saying that the social is not distinguished
from the technical. Quite the contrary: only by first distinguishing the “so-
cioeconormic context” can one say that this context affects the way the
technical problem is defined.
This tendency to confuse relations with identities is frequent. To give
a last example: in an otherwise excellent analysis of the complex series of
negotiations which led to the definition of the technical characteristics of
guided missiles, Mackenzie and Spinardi succumb, in their conclusion, to
the usual incantation abour the indistinctness of, in their case, “politics”
and “technology.” They say: “So if we start our analysis from ‘technology’
we are led towards ‘politics’; if we start from ‘politics’ we are led towards
‘technology.” In this maze we indeed begin to find how difficult it is to
distinguish the two” (Mackenzie and Spinardi 1988, 611). My uneasiness
about that kind of argument can be made clear by the following transpo-
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sition. Lieutenant Columbo—of my preferred television series—is on the
trail of a murderer that he cannot localize and, after some research, sum-
marizes his findings: “So, if we start our analysis from Paris, we are led
roward London; if we start from London, we are led toward Paris. In this
maze I indeed begin to find how difficult it is to distinguish the two.” In
fact, this “maze” is only the result of confusing a relation with an identity:
why not conclude, as Columbo actually would, that “Paris” is not “Lon-
don” and that what his research suggests is simply that there is a relation
between “Paris” and “London” and that his job is to find the exact nature
of this relation. In fact, what Mackenzie and Spinardi’s analysis shows is
simply that “a technological enterprise 1s simultangously a social, an
economic and a political enterprise” (Mackenzie 1987, 198, emphasis
added). The fact that it is through their interaction that the factors take
the shapes they have does not lead to the negation of their distinctness.
Quite the contrary, it is only by starting from the distinctions of factors
that one can talk about their simultaneous presence and interaction.
Thus, to summarize our charitable interpretation, if we limit ourselves
to the core of most case studies, we can conclude that their authors do not
really mean that “politics,” “economy,” and “science” are the same thing
or are not distinguishable but simply argue that there is no definite hier-
archy among the various factors involved, that this hierarchy and the na-
ture of the relationships between elements change from one situation to
another, and finally that no predefined and fixed number of facrors can be
identified and applied for all cases. It is a worthwhile plea against social
reductionism. This seems to be the position of John Law when he writes
that “sociologists of science tend to limit both the type and number of
explanatory social factors” (Law 1987a, 229). The message that is trans-
mitced in the introductory and concluding statements of the studies ana-
lyzed here thus seems to be that analytical distinctions should not be re-
ified into natural kinds and that we should keep in mind that the Labour
Party and the Treasury Board, for example, did not exist ten thousand
years ago and are the result of a contingent historical process. This I think
is perfectly right and important to remember as long as one adds that for
a given timé and place, however, thereis a definite distribution of objects,
institutions, and actors and that it is from this distribution that the analy-
sis proceeds to show how these entities are interwoven into something
new that will then become the “given” for a future situation. If this is what
is meant by the “radical” pronunciamentos in the introductory sections of
so many papers, then there is nothing really revolutionary here, for this
understanding corresponds to the practice of the “average” sociologist.?

4. Since some colleagues thought I was suggesting that the “average” sociologist is nec-
essarily right, I should say here that reference ro this figure is iconic: it is used only to point
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And when we look at the way these notions are used by other sociologists,
we see that this more “conservative” interpretation is frequent (see, for
examples, Sorensen and Levold 1992; Misa 1992; Westrum 1989).

If one rakes seriously the temporal aspects of change, it is clear that
Latour’s argument that “since the settlement of a controversy is the cause
of Society’s stability, we cannot use Society to explain how and why a
controversy has been settled” {(Latour 1987, 144, emphasis added) is
empty, for it is clear that a previous state of the distribution of actors and
institutions can be used in the explanation. In addition to leaving our the
temporal dimension of change, Latour speaks as if it was usual to use
Society with a capital § as an explanatory resource, whereas in fact most
sociologists refer to concrete groups and institutions, which is a com-
pletely different matter; if society cannot be the subject of action, particu-
lar institutions and actors can.

3. BACK TO REALISM!

Under the guise of extending the list of explanatory factors, Law—as well
as Callon and Latour—reintroduces reference to nature by insisting that
physical phenomena must be taken into account to fully explain techno-
logical change. | have nothing against this form of realism as long as it is
acknowledged as such and not presented under the guise of actor-network
language. Though this return to realism has already been well analyzed by
others (Amsterdamska 1990; Collins and Yearly 1992; Shrum 1988), it is
worth noting that using metaphors of “associations,” “strength,” and -
“force” rhetorically unifies nature and society but hardly hides the realist
position that lies behind rhese terms.

John Law writes that “to try to reduce an explanation of the Portu-
guese system to a limited number of social categories would fail to explain
the specificity of the volta, the caravel or the Regimento. Portuguese views
of the sun and the adverse winds are needed to make the explanation
work” (1987b, 131). Since all the categories named in these two sentences
refer to commonsense physical reality, these two sentences suggest that it
is not so difficult, after all, to make a priori distinctions between the social
and the technical (thus contradicting the conclusion of his paper that his
approach “makes use of a vocabulary that does not distinguish among the
social, the scientific, the technological, the economic and the political”;
(emphasis added), and I think it would be difficult to disagree with these
statements. Quite the contrary, a “traditional” sociologist would find

our thar the self-proclaimed “noveley” of some of the analyses of science and technology is
far from borne our by the results presented, which, notwithstanding the pronunciamencos,
are fairly “eraditional.”
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rather curious that someone could have ever tried to expla.in the Portu-
guese expansion {or the flight to the moon for that matter) without talking
about boats and sails (or computers and rockets) or at }east _takm_g them
for granted in the explanation! Again, 2 “tr.ad1t1ona.l" sociologist may
with good reason be considered too conservative, but it is clear that he or
she will not see anything revolutionary in Law’s text on the Pgrtuguese
expansion. He or she may just become 2 little upset by the grandiose style.
As Collins and Yearly (1992} have already observed abm,z,t Callcz‘n anfﬂ
Latour, this position is a return (others would say “retreat Ytoa tradl'-
tional” realist position. After all, taking into account the form of the sail
and the direction of the wind and water currents has always l_)een the way
traditional historians of science and technology h?ve explame,d Colum-
bus’s and other great voyages on the sea. In Maurice Daumas’s encyclo-
pedic History of Invention (surely not an cxa-mple. of a.vant-garde re-
search) one can read: “In the Mediterranean, ships w1_th tn.angular lateen
sails suspended from oblique yardarms had long been in existence; the use
of this sail plan permitted beating to windwallrd. ... Offthe coaSE'of Africa,
south of the equator, the ships had both wind and current against therr}.
This fact explains the new use of the caravels” (1969, 362—63, emphasis
added). One can surely rewrite all this in more trendy lapguage a.nd”say
thar the lateen sail and caravel help the explorer to “ally himself “{ll‘h or
to “enroll hostile forces,” but one can hardly miss the fact that behind t!‘ns
varnish the basic realist explanarion is left unchanged. Contrary to Colhr'l-s
and Yearly (1992}, I do not object to this kind of realisrp, b1:1t.1 d,? find 1t
a bit irritating to see it presented as “new” or “counter-intultive. It may
well be thar a strategy of reversal, of negating a re;lgtmst position (seen as
having become standard) to present a “new’ position, has simply had the
unintended effect of falling back on the realist position that was first ne-
gated by the relativists: a double negation is an affirmation and by declr?lr-
ing himself against “‘social reductionism,” Johp Law was l?ouqd to rein-
troduce “winds,” “oceans,” and other “material” objects in his analysis
so that the final result looks very much like old wine in a new bottle.

4. THE UNCONSCIOUS SEARCH FOR A “TOTAL” SOCIOLOGY

On second thought, the problem with the charitable reading ‘c‘yf actor-
network and heterogeneous sociologists is that it may not sound rad1c'f11 4
enough. I have observed a frequent use of this term in papers presenting
“new” views on the dynamics of science and technology.lAs. far as [ can
see, the mere use of the term “radical” is supposed to be in itself a.proof
that the visions so characterized are somehow inherentl_y superior o
preferable to other ones characterized (implicitly or explicitly) as * tradi-
tional” without further argumentation. This frequent reference to sup-
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posedly “radical™ interpretations seems to confirm Bourdieu in his sug-
gestion that for intellectuals “extremes are always more chic” {Wacquant
1989,25).

Since the above interpretation of the heterogeneous-engineering dis-
course i probably too traditional and not innovative enough, we are left
with the possibility that they really mean that it is impossible to distin-
guish the social from the technical (recall Callon’s “organic whole”). The
apparent inconsistencies discussed above would then have their origin in
the “traditional” disciplinary language, which tend to reify concepts into
things and thus do not provide adequare tools to analyze the specificity of
scientific practice. This lack of appropriate language would explain the
contradiction between the content of the narrartives and the methodologi-
cal position defended, and this state of affairs would only be solved by
finding a new language transcending the canonical disciplines. This seems
to be the road suggested by Pickering when he writes:

My suspicion is that scientific practice has its own unity and integrity that
cuts very deeply across present disciplinary boundaries. . . . And thus the
deployment of existing disciplinary concepts and categories is liable to a
serious misunderstanding of what science is like. These concepts and cate-
gories have typically been formulated and refined with an eye to the delin-
eation of autonomous disciplinary subject matters, and the danger of insen-
sitivity to the nature of phenomena at disciplinary boundaries is evident. I
do not know whether it is inevitable, but the upshor of disciplinary analy-
ses of science has typically been the construction of disciplinary master-
narratives in which a schema drawn from a single discipline constitures an
explanatory backbone around which all else revolves. {1990a, 710}

If it is the case that our problem is one of finding a “nondisciplinary”
language, then we will have to wait for a new dictionary (and a new on-
tology?) before arguing this point further.’ In the meantime, one may
nonetheless ask how it will be possible in this “great whole” to talk about
science, technoscience, or even technoeconomics {(why not scientifico-
techno-economics?) or anything similar. Grouping science and tech-
nology together still leaves too much else besides that should be taken into
account. I am not sure that simply adding “network™ after a usual word
{like “money-network” or “text-network™ in Callon 1991) really illumi-
nates anything. What strikes me about this insistence in finding new words
is that it suggests that those who use “traditional” disciplinary categories
cannot but succumb to their reification and are bound to forget that they
are simply analytical distinctions which are limited and will never catch

5. For a recent artempt to construct a new vocabulary by which to analyze society, see
Bolranski and Thévenor 1987. Callon's own dictionary can be found in Callon 1991.
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all the aspects of the phenomena. After all, it is not only science that can
be considered to have “its own unity and integrity”: a chocolate cake also
has unity and integrity, and we can nonetheless analyze it to know its
compositiof.
An example of the sterility of discussions on the w“essence” of words is
provided by Pickering’s contribution to the present volume where he at-
tacks my cherished word “constraint” (Gingras and Schweber 1986; Gin-
gras and Gagnon 1988) for being supposedly “agymmetric” and wants to
replace it by “resistance.” First, contrary to what Dickering asserts with-
out explanation, there is nothing inherently asymmetric and anticonstruc-
tivist in the word “constraint,” for it can be used to refer to social, cogmi-
tive, and material constraints. And constructivism should not be conflated
with relativism, for one can have the first without the second. The most
important semantic difference, it seems to me, between “constraint” and
«ragistance” is that the lateer has a more active connotation, which is an
advantage, whereas the former suggests 2 structural aspect absent from
«ragistance,” which is also an advantage, for it conveys the idea that not
all trajectories are equally probable and not only because of external resis-
cance but also because of internal limitations like the habitus of agents and
the hierarchical distribution of institutions in the scientific field. This lack
of any structural aspect t0 Pickering’s “dialectic of resistance and accom-
modation” is evident in his narrative of Morpurgo, who is described as
working alone in his laboratory confronted with and confronting his ap-
paratus. As an antidote to this linear view, one should go back to Jean
Piaget, who (already in 1950} had a similar but much more structural
model of the dialectic of “assimilation” and “zecommodation” (Piaget
1950, 1985). Pickering also opposes “resources” and “constraints,” even
though it is easy t0 understand that there is nothing absolute in con-
straints, for what is a constraint for a given actor in 2 given situation isa
resource for another actor in the same situation {Gingras and Trépanier
1993). This being said, once we have accepted, with Pickering, that we
live “in the material world,” there should be no objection to the use of
both terms according to circumstances and context {Pickering 1989b).
More important than the obsession with words that are rarely defipite
concepts and the search for a nondisciplinary narrative is the not always
conscious dream of a fotal history of scientific activity (in the sense that
Fernand Braudel [1972), for example, did not write 2 “social” or “eco-
nomic” history but a “total history” of the Mediterranean Sea). The road
roward this “total history” however is not in the direction of the negation
of distinctions but of their integration. Contrary t0 Pickering, Callon, and
Law, I do not think it will be possible to solve the problem of the “whole-
ness” or “integrity” of science or technology (or the chocolate cake) by
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want to convince us that engineers are better sociologists than “profes-
sional” sociologists. They suggest that “social sciences [should] in some
way or another make use of the astonishing faculty engineers possess for
conceiving and testing sociological analysis at the same time as they de-
velop their technical devices” (Callon 1987, 99, emphasis added). They
think that “scientists and engineers . . . are much more original, daring
and “progressive’ social philosophers and social theorists than most social
scientists” {Callon and Latour 1992, 351). Such remarks certainly make
sense as pep talks for would-be engineers in a school of mines burt hardly
contribute to a sensible discussion about the kinds of tools and concepts
needed in sociology of science.

To say that “engineer-sociologists” “develop explicit sociological
theories” (Callon 1987, 98) in order to create new technology and that
they should become “the model to which the sociologist turns for inspi-
ration” (Callon 1987, 99) constitutes another example of the typical
strategy of inversion, which, like chat which brought Law back to a classic
realist analysis of technology, simply leads to the position expressed, for
example, by American engineers during the “technocratic movement” of
the inter-war years. As Akin (1977) has shown, these engineers were con-
sciously trying to transform society with their technical knowledge. More-
over, the suggestion that engineers are sociologists plays on the different
senses given to “sociology” by shifting from the actors’ categories reinter-
preted in terms of sociological theory and then saying that this theory 1s
explicicly developed by them.” It would also be easy to write the same kind

bolder play with assonance, ambiguiry, and the use of those words which sound alike and
yet bear quite different meanings” {1967, 54). Though the Sorbonne may be the best ar
inculcaring this habirus, it is certainly not impossible 1o acquire it in other French institutions
as well.

7. Callon’s paper comparing the sociologies of Touraine and Bourdieu with the activi-
ties of the engineers of Renault and EDF is entirely based on a metaphorical use of the term
“sociology” and the attribution of an explicit sociological discourse to the engineers, which
is then compared with what the chosen sociologists wonld have said in the situation. Aftera
totally artificial reconstruction of Bourdieu and Touraine, Callon concludes that in “his
[Bourdieu’s] explanation of car users’ preferences he [Bourdieu as re-created by Gallon]
omits most of the elements that make up and influence these preferences. . . . Although Bour-
dieu happens to be right and Touraine wrong, this is quite by chance. . . . the discovery ofa
cheap catalyst as a substitute for platinum mighs have proved Bourdieu wrong and rehabili-
tated Touraine’s sociological theory after all” {Callon 1987, 97). This analysis is quite sur-
realist: {1) Bourdieu’s “omissions™ are in fact Callon's, for he is the one who construceed chis
“Bourdieusian exptanation”; (2) the realist argument that the discovery of new catalysts
would have changed the situation is trivially true and is juse plain commonsense realism; it
amounts to saying that the landing of a flying saucer or, the explosion of an atomic bomb
would affect sociological explanations. What would one think if instead of analyzing papers
written by Callon 1 would write what Callon would have written and then show that *his”
analysis is inadequate? ‘
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of metaphorical rhetoric about politicians, prime ministers, or presidents
and say thar they are “better” political scientists than professional ones.
Who denies that politicians do experimental economy, political science
or-sociology? They vote on laws instituting medieval taxes, eliminating,
unions, and so on. To obscrve that some categories “escape completely
lfrom the vocabulary of sociology or economics™ and that these vocabular-
les cannot “describe the relationships between fuel cells and the electric
motor” goes without saying for anyone who believes in the existence of
materllal reality. Who doubts that the relationship between fuel cells and
electric motors cannot be described in “terms other than those of electric
currents and electromagnetic forces” (Callon 1987, 95)? Again, insisting
that traditional sociological categories leave out many concept;—-—which
is true by definition—leads to the absurd position that if it were not legiti-
mate to stop the analysis at some point, one would be obliged to recon-
struct society {or, more exactly, “the great whole”) from scratch every
time one writes a paper on any subject. Even those interested in a “rotal
so.m.ology” (or a “total technology™) could not take all these factors ex-
plicitly into account in their analysis, for it would be endless and hardly
readable.

_ A_n argument frequently presented to show the impossibility of distin-
guishing the social from the technical is to say that the actors’ actions “cut
across” these very distinctions and ignore them. This raises the question
never really addressed by the proponents of heterogeneous engineering, ol,:

. the distinction between the categories of the actors and those of the ana-

lyst. The fact that in their discourse actors use categories that are different
from those used by sociologists is perfectly normal, bur this fact does not
show that the latter categories are not adequate to their purpose. After
all, the role of the sociologist is to analyze actors’ discourses and practices
and this can never be done by simply repeating the actors’ points of viewj
The fact that what is labeled “technical” by one actor is labeled “political”
by another actor certainly raises the question of why they do apply these
different classifications. But that actors do not agree on these categories
does not mean that the categories used by the analyst cannot explain why
rhey disagree; and the existence of conflicting categories among actors
does not mean that distinctions are not made but simply that they are
made differently. So I agree with Mackenzie and Spinardi (1988, 612) that
an actor’s distinctions berween the “technical” and the “political” cannot
be adopted by the analyst, as long as one adds that it is not because the
analyst does not make these distinctions but because the analyst makes
them differently so as not to take sides with one group of acrors against
the other and in order to understand the reasons for (or behind) their dis-
agreements. But whether he or she uses actors’ categories or some other
analytical categories, the sociologist of science always makes distincrions




138 / YVES GINGRAS

in the “great whole of society” in order to formulate an a.nalysis. O?ce it
is admitted that no one seriously pretends that the-se dlstm&:t.lons refer to
a Platonic world of pure and unalterable categories, there is no lreaslc.m
to impute to authors who use a given set t?f gnalyncal categories simplis-
tic ideas about “political ontology™ or similar anathemas, except as a
to avoid answering criticisms.®
Strat’;%;lé syncretic portrayagl of sociologists off-ered by Cal.lon, Latour, anfi_
Law suggests that they are more intereste(;l in engineering tlhan ];n st?lzl
ology. It is perfectly legitimate to prefer engineers to ‘s‘ocmloglsi’::s, ut they
should then realize that in so doing they have in f_act followed” engineers
and scientists to such a point that they have “jom.ed” them a‘r:d have‘ be’-,
come their “representatives” and spokespersons instead of follow}ing
them by staying at arm’s length in order to look at them a'nd olllas_erve t l::m.
No surprise then that Collins and Yearly (1992) perceive their w;r z;ls
craditional and in the “‘old” realist modt.a of des.crlbmg science a‘?d ;;ec ;;
nology, while Callon and Latour perceive theirs as trying to 1 e “zznt
scientists’ hegemony” (1992, 365, en"nphasm_ addz?d). They Slml;_ y ta ac1
cross-purposes: the first group talks like sociologists, whereas the secon
like engineers. _
gmuSpotiLk;ose you% discipline and your social group: I choose soc1olggy,
not to “debunk,” bur to understand the cor-nplex and chz.mgmg relgtlon-
ships between science, technology, and society fronff a different poznt-of
view from the one taken by engineers. What sc.)c1o}oglst§ haveto re:cognézg
to do their job is simply that the various distinctions th_ey make in order
to understand the dynamic they investigate are analyt:cc_zl co_nstructlo;s
and not natural kinds and that only the empirical ana‘llysm will show the
role played by each of them in the di_fferent case st.uc.hes. Anddt?ese colx:—
cepts must be clearly set out in relation to {and didtinguished from) the
categories used by the actors themselves.

6. STRUCTURAL CONSTRAINTS AND THE DYNAMICS OF
SCIENTIFIC CHANGE

A striking consequence of the wave of micr9analysis of scientific pl-rFacuce
has been the tendency to describe actors as if they were ab.solucelyk're::l tc;
move in any direction, to elaborate any argument, or to reject arg inc o_
objection. Callon and Latour, for example, frequently sugg_es; that scien

tists and engineers move continuously from t.he 1a_b to the industry or 1[]0
the minister’s office. Their notion of “translanon’_’ is supposed tolh_elp the
analyst follow the creation of associations, but it does not explain wny

8. For a rypical example of such an easy strategy, see Cambrosio etal. 1991,
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associations fail or succeed and why some scientists (or engineers) do go
into the minister’s office while others do not. In more concrete terms: why
do engineers graduating from a French grande école or from a faculté
not seem to have the same professional trajectories or the same access to
ministries??

Arguments that scientists could have done otherwise than they did are
often adduced to suggest this freedom of movement. Most of the time,
however, we are never told if the possible counterargument has effectively
been voiced by the actor or if the argument is an after-the-fact rationali-
zation offered by the analyst. Constantly repeating that “things could have
been otherwise” does not explain why in fact things were as they were and
not otherwise. This abstract logicism is in good part due to the fact that
constructivists direct their arguments more at philosophers than at soci-
ologists in order to counter a kind of positivist determinism by insisting
on the contingency of action. Up to a point, this was a good strategy to
destabilize old philosophical models of science, but from a sociological
point of view it is not very illuminating. If we agree to play the game of
sociology seriously, we will have to develop a mrodel of scientific practice
that can explain the fact that in given circumstances, scientists and engi-
neers probably could not have acted much differently than they did. The
constant use of counterfactuals does not show that zbey could have done
otherwise but that we can now imagine other solutions than the one
achieved by the actors in given historical circumstances.

In addition to being an effect of debating with philosophers, the insis-
tence on the contingency of action is also in direct relation to the scale of
observation. At the level of microanalysis, attention to explanation has
often been neglected in the face of the complexity of the interactions: ob-
serving and describing many games of chess or Go, one cannot escape the
feeling that each game is different and can only be understood in the inter-
actions berween the players and their relatively arbitrary decisions. At the
microlevel it is inevitable that the open-endedness of these games strikes
the analyst as fundamental. In the end, however, accepting the total con-
tingency of action is an extreme form of phenomenalism which leaves no
place for any explanation of the dynamics of knowledge production; the
analyst has then no other choice but to follow each case empirically to
observe the result, like so many different and unique games of chess or Go.
However, as these games impose minimal constraints on the movements
of the pieces and yet still leave an infinite number of different possible

outcomes, so [ think that all the empirical studies stemming from the con-
structivist and ethnographic approach only make sense within a model of

9. For those interested in this question, see Bourdieu 1989,
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scientific activity that explicitly recognizes structural constraints and is
reflexively applicable to sociology of science itself. But far from leading to
a kind of sclf-destructive solipsism, ¢ our conception of reflexivity embod-
jes a practical ethic of discussion and exchange as a social condition for
the growth of knowledge.

In order to understand why and in which circumstances scientists or
engineers can move from the laboratory to the minister’s office, one must
start from the observation that scientists are subjected to a disciplinary
training that gives them a set of tools that define an intellectual horizon.
Social actors socialized to live in a particular field can rarely transfer easily
their skills and knowledge directly to another field {Bourdieu 1991)."" To
use Pierre Bourdiew’s concept, their habitus is the product of a trajectory
in a parricular field and is best “adjusted” to function inside it. Each of
these fields and the relations between them are the product of a past his-
tory of social relations and are, in this sense, a social construction. Thus,
far from being homogeneous, the social space must be seen as composed
of many relatively autonomous fields\having their own logic: the plurality
of felds is a plurality of worlds. It is this heterogeneous social structure
that forces actors who want to circulate outside their native field to adapt,
and thus transform, their discourse and practices to the implicit rules of
the new field in which they want to circulate. In the case of science, this
means that scientists who must appeal to the political field to get money
to realize their projects must argue in a way that refers to the specific
stakes of this field by talking, for example, of the “patjonal interest” or
“economic impact” of their projects in order to convince politicians and
administrators. This suggests a strong sense in which to talk of “transla-
tion of interests,” but this sense completely reverses the use of this term
by Callon and Latour, who tend to smooth the passage from one field
to another as if there were no “discontinuities” between fields (Larour

10. The best example of an approach leading to such solipsism is provided by Woolgar
(1988). It is no surprise that within this kind of narcissistic reflexiviry the author concludes
his book by suggesting: “Self [should become] a strategic target for social science” {108}
Having (textually!) “deconstrucred” everything, Woolgar is finally left contemplating his
own image in a micror that is itself the projection of his own Self.

11. For those who prefer to talk about “forms of life” instead of “Relds,” let us note
that Barnes's definition of “forms of life™ is equivalent to Bourdieu’s conception of practice
defined as the relation between a habitus and a field. According to Barnes, “To participate
competently and successfully in a form of life requires a profound and comprehensive train-
ing at the leve! of practice, and where the form of life is highly standardized and uniform the
associared training must be highly ordered, intense and systematic . . . to provide shared
perceptions and shared experiences” {1988, 79). The advantage of the notion of “field” over
that of “form of life” is that the former is much more explicitly strucrured, the later being,
in the hands of too many writers, hardly more than a vague motto. For a comparison be-
rween Bourdieu and Wittgenstein, see Taylor 1950.
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_19$7b, 132-44). In other words, they use the notion of translation to
insist on the continuity of action without ever taking into account the het-
erogeneous fields that make those very “translations” possible and neces-
sary—thereby explaining them. The existence of distinct subcultures cor-
responding to different fields and habitus generating particular kinds of
cultural and social capital suggests that there is a barrier (and a cost) to
entry in any field (Bourdieu 1979).

The heterogeneity of skills needed to circulate in more than one field
also helps explain, for example, the fact that in the era of “big science”
the personality of the “manager” and man of public relations took prece-
dence over the myth of the shy and socially misfit scientist. Whereas the
latter could easily survive and hide himself in the field of science, only
the former could introduce himself into the field of politics {Gingras and
Trépanier 1993). The transformation of the structure of the field was thus
accompanied by a transformation of the habitus required to play in the
field."

In addition to the limits imposed on action and strategies by the habi-
tus and the amount of social and intellectual capiral possessed by the ac-
tors, the dynamics of knowledge production in the scientific field is also
guided by criteria of communicative action. These minimal conditions can
be established by starting reflexively from our own practice of sociology
of science and are in fact grounded in the principle of nonperformative
contradiction as enunciated by Karl-Otto Apel {1980, 1990).

Sociologists (constructivists included) who agree to play in the field of
sociology by writing papers, presenting communications, and submitting
arguments in favor of {or against) a given theoretical position try to be as
convincing as they can. They do their best to avoid contradictions or non
sequiturs in their arguments (though they do not always succeed) and
track these flaws in the presentations of their opponents. In so doing they
already accept as a practical a priori two tenets: (1} the principle of non-
contradiction and (2} a rule of inference like “p implies g,” which makes
it possible to move from statements to staterments and link some of them
_together. These minimal conditions are sociologically necessary for hav-
ing meaningfu! communications between human actors, but we do not
have to invoke their “universality” {as some philosophers do by using
themn as Kantian “regulative ideals™), for they in fact do not characterize
al.l fields of activity to the same extent (for a logical analysis of these con-
ditions, see Cherniak 1986). Though “minimal,” these conditions are not
trivial, for there exist different fields in which they do not operate in the
same way—if at all. Though this is not the place to go into any detail,

12. For examples of historical studies of the constitution of fields, see Bourdieu 1971,
1987; Viala 1985;and Gingras 1991.
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the field of politics offers a good contrasting example of a field in which
the constraints of performative noncontradiction and self-consistency are
very weak. Whatever the “rules” specificto a field, one thing is clear: “The
only absolute freedom the game leaves is freedom to withdraw from the
game, by a heroic renunciation which—unless one manages to set up an-
other game—secures tranquility only at the cost of social death, from the
point of view of the game and the illusio” {Bourdien 1981, 316).

It should be clear here that talking of noncontradiction is not invok-
ing some nonsociological criterion. As the Polish logician Jan Lukasiewicz
already observed in 1910, “the principle of contradiction has no logical
value . . . but it possesses a pratico-ethical value which is even more sig-
nificant. The principle of contradiction is the only weapon against errot
and lie” (1991, 30, emphasis in the original).'® Irs explicit formulation 1s
thus necessary as part of the sociological understanding of the scientific
field. Moreover, it does not forbid arguments between actors about a
given contradiction or deduction, for those very debates already presup-
pose the acceptance of the principle of noncontradiction. It is this distinc-
tion that is often forgotten in suggestions that logic is not a constraint in
scientific debates because an actor can decide not to see a given argument
as contradicting his own position. This is what Trevor Pinch, for example,
suggests when he writes that the existence of a contradiction was not a
constraint in the debate on neutrinos, because one actor {Bahcall} main-
rained his confidence in his theoretical model of neutrino production for
more than a year despite experimental results that were seen by others as
conflicting {1986a, 207-11). However, Pinch confuses the logical sense
of the term “contradiction” with the larger sense of “disagreement” be-
tween theory and data. In fact, far from proving Pinch’s argument about
the flexibility of logic, the central point about Bahcall’s story is that he had
arguments for resisting, but after a while, confronted with new argu-

13. It is worth noting here that this concern with the practico-ethical aspects of life
could be brought to bear on the discussions concerning the distincrions berween human and
nonhuman actors and the atteiburion of agency. An excellent reason why humans in general
atcribute special agency to humans as opposed 10 nonhumans—thus committing the sin of
being “asymmetric”—is that they can then recognize the social responsibility of those who
by their very actions save nonhuman actors like trees, whales, and so on. Everything suggests
that it is not the scallops or the whales chat “enroil” the humans but rather humans who for
idiosyncratic reasons choose to dedicate part of their lives to becoming spokespersons for
trees, whales, or birds, which, in all probability, will never know they may owe their lives to
them. Though Latour believes that “the belief in causes and effece is always, in some sense,
the admiration for a ¢hain of command or the hatred of a mob looking for someone to stone”
{1988b, 162), I think on the contrary char the search for causes is infimartely related o an
ethic of social responsibility, equity, and justice.
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ments, instruments, and experiments, he finally admitted the problems
faced by his model. The notion of interpretive flexibility introduced by
P?ncl-.n is very useful and perfectly consistent with our criterion of commu-
nicative action. It is by constantly putting forward new arguments {theo-
retical or experimental) that acrors try to diminish the interpretive flexi-
-biliry of da:ta and theory and thereby limit the possibility of alternative
interpretations.

Even to reject new data one has to have arguments. What if Bahcall
had continued to hold his position? Given the dynamics of the scientific
field, one can easily predict that the rest of the community would have
reacted by marginalizing him, with talk about his “silliness,” his being
“older,” and the like. Such a social marginalization is well described by
Rudwick (1985} in the case of the Devonian controversy. It is significant
that in his criticism of that book Trevor Pinch has argued that “if it is the
case that a scientist can still argue for a significantly different position
from that embodied in the consensus, then it can be said that the empiri-
cal evidence does not unproblematically lead in one direction” {1986b,
711-12, emphasis added). The significance of this statement hinges of
course on the word “unproblematically.” It is clear from the analysis pro-
vided by Rudwick that the evidence in favor of the Devonian was far from
being “unproblematic,” for it took years to create a consensus. In order to
insist on the contingent aspect of the consensus that emerged on the nature
of the Devonian system, Pinch adds that “as far as Williams and Weaver
[the two marginalized geologists in the debate over the nature of the De-
vonian] were concerned their own arguments were perfectly respectable,”
and he uses this argument to support the conclusion that since their argu-
ments “were available when the Devonian interpretation was reached, any
view in which the ‘pull of the evidence’ is seen as being decisive is unwar-
ranted.” What is striking about Pinch’s analysis is that it is implicitly based
on a subject-centered epistemology that does not take into account the
sociological context. The sociological question here is: for whom were the
arguments respectable? There can be little doubt that their own argu-
ments were perfectly respectable zo themselves—this is a tautology. The
problem is that they could not convince other geologists. And this conclu-
sion is not based on any general philosophical preconception about the a
priori role of evidence in scientific research but on an analysis of the dy-
namics of the scientific field of the time. Curiously, a “philosopher” like
Gaston Bachelard was already more sociological than the “sociologist”
Trevor Pinch in his analysis of science when he wrote: “We propose to
ground objectivity in the behavior of others [the peers]. . . . any doctrine
of objectivity always submits knowledge of the object to the control of
others” (1972, 241, emphasis added}. As Mary Tiles aptly summarizes
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Rachelard’s view for the English-speaking reader, objectivity has an “es-
sentially social dimension; objective knowledge is not the unique experi-
ence of an individual but that which can be agreed upon by all similarly
placed rational subjects” (1984, 53). From this truly sociological point of
view, there is no such thing as a private science. Ceasing to exchange ar-
guments or to produce new dara about experimental or theoretical results
or procedures in the scientific field is ceasing to do science. A sciendist can
remain convinced for the rest of his life that he is right but his views have
no social existence in the scientific field if they are not debated and ac-
cepted or rejected.

7. THE TEMPORALITY OF SCIENTIFIC DEBATES

A brief analysis of a historical case study will help illustrate the principles
discussed above. The tragic history of the French geologist Jacques Deprat
dramatically illustrates the role of argumentation and the effects of its
time-situated character in the acceptance or rejection of knowledge claims
by a given scientific community.

In June 1919, a jury of French geologists, meeting in the geological
laboratory of the Collége de France, declared one of their most esteemed
and brilliant colleagues, Jacques Deprat, guilty of forgery. Expert in the
geology of the south of China and the north of Vietnam, he had collected,
between 1909 and 1916, a large number of fossils. However, in 1917, his
close collaborator, the autodidact geologist Henri Mansuy, announced
that Deprat had added fossils of European origin to his Asiatic collection.
The crux of the argument put forward by the committee was that some of
the trilobites were typically of European origin and current theory made
it impossible that they be found in Asia. Though there was much personal
acrimony between the protagonists of this affair and private interests were
at stake, the crucial point is that current knowledge made it difficulr for
Deprat to explain the presence of these trilobites, and he could only repeat
that he had never added these specimens to his collection and that they
were really found during his fieldwork. With no convincing argument
other than his own integrity, Deprat lost his job, was banned from the
geological society, and wrote novels for the rest of his life, some of them
even winning prizes (Durand-Delga 1990, 1991).

The interesting point in this affair is thar Deprat’s “honor” was re-
cently restored by a historian who argued thar over the last ten years ge-
ologists have reported the discovery in Asia of many trilobites of the same
species that were in Deprat’s collection (Durand-Delga 1991, 1346). What
was thought impossible in 1917 now made sense in view of the theory of
plate tectonics, according to which 400—500 million years ago Southeast
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Asia a'n_d meridional Europe were closer together than they are today, th
explaining the similarity of the fossils. In view of this historical n?s}tr:,arcl}J1S
the French Geological Society posthumously reintegrared De ,
member on 10 June 1991. pra as @
The question is: was a mistake made in 1917 when Deprat was con-
f:lemned?‘ I'think that the sociological answer must be no, for no convi
ing explanation could be offered at the time of the cont’rovers to mlanl:-
sense of the presence of the contested fossils. Only now ove: 70 ear'3
later, can one suggest that Deprat was not afrer all guilty. ;\s this exa)l('n lS
suggests, debates, discussions, and decisions are always located in tiﬁqz
and thus qumded by a horizon of what is thinkable. Only later in ti
can something become “obvious” and old “mistakes” be corrected Pltmj
even éhen, nothilng prevents these “corrections” from beir;g in turr; cgr-
f;;;ecasaengf :;::dmg,l for exafnple, o another condemnation of Deprat.
The cas prat is not unique. Th-e death and resurrection of Michael
olanyi s_po_tennal theory of adsorption also illustrate the crucial role of
temporality in science (Polanyi 1969, 87-96). °
_ Th_1s r'nodel of scientific change based on a dynamic of communicariv
action inside a structured field has the advantage of explicitly formulari :
prmc;p_les that act as a priori constraints on practices—and are thus mlonsgt
of thf_: time implicit—instead of accepting them implicitly by having them
pla'y important roles in discussions (among the scientists observed is well
as in the texts produced by the sociologists) while at the same time tryin
to prove Fhat they are not at play. In my view, argumenration is the mzto%
of sc1ent1ﬁlc advance. Alone on his island, Robinson Crusce would no
develop 5c1ence_and would be limited to personal opinions and practice;
I:‘hat _would _rap:dly stagnate. As Bachelard put it in his poetic manner:
Solitary science is qualitative. Socialized science is quantitative” (1972'
24f2). A's G. E. R. Lloyd has admirably shown, the emergence of Greek’
science is c_losely tied with the importance of oral debates in Greek societ
and_ experiments were used, at the beginning, more as a rhetorical devigg
against competing theories than as an effective pracrice (Lloyd 1979). And
2 reafimg of Poiarit;_; aua" Analogy (Lloyd 1966} suggests that the‘ very
t[?:ss:ﬁ:;f:; :nd codification of logical rules are themselves the product of
. Of course, Fhe passage from experiment as rhetoric to full-fledged ex-
perimentalism in seventeenth-century Europe was made possible histori-
cally_onl_y b)_r major and unforesceable demographic, economic technicall
and institutional innovations like the growth of citi:es the prir;tin res ’
and the fo;mation of scientific societies. We still lack ; complete sgtulzi ;1;
the for_mauon and transformation of the scientific field over the last f):)ur
centuries (but see Ben-David 1971), but even with its modern institutional
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and technical trappings, the scientific field can still be considered to have
something in common with its Greek origins: the dynamic role of public
debates. As Lloyd suggests in his analysis of the relationships between sci-
ence and society in ancient Greece, “this very paradigm of the competitive
debate may have provided the essential framework for the growth of natu-
ral sciences™ (1979, 267).14

The dynamics of knowledge production is a historical product not
defined in epistemological terms {as the recurrent debates between realism
and relativism so often suggest) but in essentially sociological terms: to be
right at a given time is to have arguments which, given the structure of the
feld and the current context of experimencal and theoretical knowledge,
cannot be convincingly contested and replaced by others which would win
the assent of the majority of the scientists active in the field.'® In experi-
mental sciences, the arguments are most of the time about experimental
data, procedures, or instruments, and these arguments are made within a
certain structure of accepted knowledge and procedures (black boxes)
that result from previous debates. One could even argue that the devel-
opment of an effective experimental practice—as opposed to the rhetor-
ical invocation of experiment analyzed by Lloyd (1979)—was a good
strategy to oppose conflicting views: new experiments do modify the ex-
isting consensus and help change accepted theories or force opponents
to produce new experiments. As Barry Barnes wrote, “natural knowl-
edge is always learned in conjunction with the operations of manipulating
and controlling material objects and physical processes and its terms are
used to refer to such objects and processes in specific situations” (1988,
55-56).

The argumentarive nature of the dynamics of scientific change gives
time a central role, for it always takes time to experiment, argue, and
counterargue. All this is a practical achievement thar generates new ex-
periments (acting on the world) and new theory {ralking about the world}.
This “process of discursive rectification” gives rise to a “discursive objec-
tivity” which for Bachelard grounds objectivity in the social control of the
members of the “cité savante” (1972, 241-42). It should come as no sur-
prise that in the neutrino story Bahcall could maintain for more than a
year his point of view in the face of counterarguments. Interpretive flexi-

14. By labeling “persuasive argument” “a statics of logic,”™ Pickering completely misses
the point that the dynamic element comes from debates with otbers. This model is thus a far
cry from his “dialectic of resistance and accommodation,” which is scill based on the subject-
centered Cartesian epistemology in which a lonely scientist confronts nature with his instru-
ments, leaving in the dark the collective aspect of knowledge growth (Pickering 1290, 720).

15. The study by Kim (1991) of the reception of Johannsen's genetic theory exemplifies
clearly the role of argumentration in the rejection of Pearson’s biometry.
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bility is an aspect of this time-ordered dynamic of scientific exchange. Ar-
guments trying to show that logic or experimental data do not constrain
belief can seem convincing only by freezing time.

This importance given to time and arguments leads one to a historicist
conception of knowledge which has no place for any kind of absolute cri-
teria of truth. There is no need o reject any explicit reference to an exter-
nal reality that constrains {or resists, if Pickering so prefers) knowledge
claims about it in order to accepr that it is the very social dynamics.of a
regulated exchange in the scientific field that is the condition for produc-
ing a type of knowledge thar can transcend its conditions of production
(Bourdieu 1991, 22-23; Bachelard 1975, 137). As Barnes put it: “we can-
not know that a ball is a sphere simply by looking to other people, who
will be looking to yet other people, and so endlessly. We must all first look
to the ball and decide for ourselves as to its shape—and only then look to
others to discern the agreed verdict, if there is one. We have practices for
determining the shapes of things which we apply to the things themselves
and which tell us (collectively) what shapes the things are™ (1988, 179).
So, without advocating any simplistic correspondence theory of truth,
“there is a genuine sense in which natural knowledge can be said to have
external referents,” 1o quote Barnes again (1988, 56).

8. CONCLUSION

In conclusion, I would like to note that the ethic of communication buile
into this reflexive model of knowledge production is that in sociology of
science—as in any science conceived as a practice regulated by the logic
of a field—one condition for playing the game is to continue to argue and
counterargue, experiment and counterexperiment (or, in history, do ar-
chival research), in order to show the shortcomings of the position of the
“opponents.” In other words, although, as Aristotle wrote a long time
ago, “we are all in the habit of relating an inquiry not to the subject-
matter, but to our opponent in argument” (quoted in Lloyd 1979, 267),
we should replace straw-man rhetoric and vague reference to “sociology™
or “sociery” as a whole by careful analysis of the actual content of the
papers produced by colleagues. Only in this manner will our collective
understanding of the “subject-matter” of the dynamics of science, tech-
nology, and society (to be short) make any advance. My critical analysis
of some notions suggested to make sense of this dynamics only aimed at
such a clarification. Faced with articulated arguments one can choose to
enter the debate by addressing the specific issues raised (thus playing the
game of the field), keep silent, or resort to sophistic techniques (again well
analyzed by Aristotle) that avoid confronting the issues. Pace Shapin, “pa-
nache, charm and infectious wit” (1988a, 534) are characteristics that will
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never replace coherent argumentation and reflexive practice, for they are
more attuned to the field of fashion than to that of sociology.
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