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Macro- vs. micro sociology of scientific knowledge 

The sociology of knowledge has been broadly defmed as the study of 
the social or existential conditioning of thought (Mannheim, 1954). In 
recent years, the sociology of knowledge has been revived within social 
studies of science. A number of research programmes focus on what 
one could loosely describe as the social conditioning of scientific know-
ledge. What unites, the protagonists of these new sociologies of scientific 
knowledge is a common interest in the technical objects of knowledge 
produced in science as a target of analysis and explanation. The pro-
grammes differ markedly in regard to the analytical perspective brought 
to bear on scientific knowledge. 

One major divide between relevant studies can be linked to the dif-
ferencebetween maproscopically-oriented congruence models and 
microscopically-inclined genetic approaches. The classical approach 
of the sociology of knowledge is clearly a congruence approach: it 
depends upon the identification of a similarity or an isomorphism 
between collectively sustained goals (social interests) which the analyst 
imputes to asocial group, and the beliefs promoted by individuals 
affIliated with this group. As an example, recall Marx's attempt to 
relate individuals' economic or philosophical ideas to their 'bourgeois' 
interests (1913). Though not the only macroscopically inclined approach 
to the sociology of scientific knowledge (see Restivo, 1981, and Chubin 
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and Restivo, this volume) it has recently gained prominence through 
the contemporary use of an interest model by Barnes and his collabo-
rators in a variety of case studies (Barnes, 1977; Barnes and Shapin, 
1979; Barnes, this volume). Furthermore, the analysis aims at objective 
(class) relationships rather than at subjectively acknowledged social 
conditions. Since inferences regarding individual cases cannot be un-
problematically derived from macroscopic congruency claims, causal 
or functional imputations remain on a social-structural level. The 
question not answered by this approach is exactly wherein, at what 
junctures, and how contextual factors such as social interests enter 
particular knowledge objects (Mills, 1963: 454ff.). Congruence approa-
ches as described above infer that such influences have taken place 
from perceived similarities between imputed aspects of the content of 
knowledge objects. They do not specify the causally connected chain 
of events out of which an object of knowledge emerges congruent 
with antecedent social interests or with other social acts. Furthermore, 
interest models traditionally speak to the question why particular 
individuals or groups hold particular beliefs, in accordance with the 
original formulation of the problem of the sociology of knowledge 
as a problem of the social conditioning of thought (not knowledge). 
Thus· the question why scientist X prefers theory Y is analyzed by 
reference to the social interests yl for which this scientist stands. 
Yet individuals may hold beliefs for various reasons quite indepen-
dently of whether and how these beliefs come to be held to be 'true' 
(Woolgar, 1981). 

Thus even if we learn convincingly why particular individuals or 
groups believe in a set of propositions, we have not received an answer 
to the question whether and how these propositions in themselves 
embody social factors, nor to the question whether and how social 
factors influence· the survival of and acceptance of knowledge claims. 
In other words, the epistemological question how that which we 
come to call knowledge is constituted and accepted is not addressed 
in the above model. l To attack this question, we are pressed to exa-
mine the genesis and transformation of our objects of knowledge 
at a level sufficiently close to the actual practices of scientists to 
be able to differentiate between knowledge-constitutive procedures 
and rationales. For example, we will have to ask the question whether 
scientific consensus is formed solely on the basis of evidential consi-
derations. Or else we have to ask whether knowledge-constitutive 
laboratory selections can be fully accounted for in terms of technical 
rationales. I believe that these questions require us to adopt a genetic 
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and microlevel approach to the problem of the social conditioning 
of scientific knowledge. 

Two distinctive, genetic and microscopically oriented approaches 
relevant to the sociology of scientific knowledge have emerged in recent 
years.2 Their foremost difference lies perhaps in the part of scientific 
practice they have chosen to analyze. The first approach focuses on 
scientific controversies as a strategic anchoring point for the study of 
consensus formation, that is, of the mechanisms by which knowledge 
claims come to be accepted as true (see the studies collected in Collins, 
1981, and Knorr et al., 1980: 77-193). The second approach has 
chosen direct observation of the actual site of scientific work (fre-
quently the scientific laboratory) in order to examine how objects of 
knowledge are constituted in science. Both approaches are social in 
that they consider the objects of knowledge as the outcomes of pro-
cesses which invariably involve more than one individual, and which 
normally involve individuals at variance with one another in relevant 
respects. In contrast to the interest model, they do not seek to establish 
the potentially social causes of particular scientists' belief-preferences, 
but rather focus on the processes of interaction between scientists and 
others witl'Jn which and through which scientific beliefs take shape. 
Happily, the distinctive features of the interest model, the study of 
controversy, and the ethnography of scientific work are complemen-
tary rather than contradictory. Thus, knowledge of the (social) interests 
which may inform participants' theoretical preferences can supplement 
an inquiry into how knowledge is socially negotiated during contro-
versy, by pointing out why it is likely that particular individuals hold 
particular beliefs. Conversely, an inquiry into how knowledge objects 
are construed in scientific work can presumably inform a structural 
interest explanation as to whether, when and how interest-based theo-
retical inclinations have entered laboratory selectio?s. 

In what follows I will discuss the ethnographic study of knowledge 
production at the actual site of scientific action as one manifestation 
of the genetic and microscopic orientation to the sociology of scientific 
knowledge (for the study of scientific controversy, see Collins as well 
as Chubin and Restivo, this volume). In particular I will focus on what 
has come to be called the programme of constructivism (Restivo, 1981; 
Gieryn, 1982). This programme is supported by the results of several 
laboratory studies - though not all of these studies will necessarily 
share my pursuit of or characterization of constructivism. I will mainly 
draw upon the six major studies of which some results are currently 
available in print or preprint (Knorr-Cetina, 1977, 1979a, b, 1981, 
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1982-a, b; Knorr-Cetina and Knorr, 1982; Latour, 1979, 1980a, b, 
1981; Latour and Fabbri, 1977; Latour and Woolgar, 1979; Law and 
Williams, 1982; Lynch, 1976, 1979, 1982; Garfmkel et al., 1981; 
McKegney, 1979, 1980, 1982; Williams and Law, 1980; Zenzen and 
Restivo, 1979, 1982). The reader may also be interested in studies in 
progress (e.g. Traweek, 1981), or in studies which refer to scientific 
work, but testify to a non-ethnographic orientation (e.g. Thill, 1972; 
Goodfield, 1981; Chubin and Connolly, 1982). I will refer to the 
studies cited in accordance with their geographical origin as the Troy 
study (TR) for the work of Zenzen and Restivo, the Keele study (KE) 
for the work of Law and Williams, the Burnaby study (BU) for the 
work of McKegney, the Irvine (IR) study for the work of Lynch, the 
La Jolla study (LA) for the work of Latour and Woolgar, and the 
Berkeley study (BE) for the work of Knorr-Cetina. The scientific fields 
investigated in these studies are the biochemistry, microbiology and 
technology of plant proteins (BE), research into the brain's endocrine 
system (LA), neurotransmittors (IR), mammalian reproductive ecology 
(BU), cell biology (KE), and the colloid chemistry of immiscible liquids 
(TR). While the Troy, Burnaby,Keele and Irvine studies involve univer-
sity research, the La Jolla and Berkeley studies were done at large, 
publicly fmanced research institutes. 

In the remaining pages, I will take up in turn the following aspects 
of the .constructivist conception of science: first, the artifactual charac-
ter of the reality within which and upon which scientists operate; 
second, the selectivity embodied in knowledge production and the 
'decision-impregnatedness' of scientific operations; third, the occa-
sioned and contextually contingent character of research selections; 
fourth, the socially situated character of constructive operations; and 
fifth, some epistemologically relevant implications of the constructivist 
programme. 

The constructivist interpretation: 
scientific reality as artifact 

Several laboratory studies refer to the constructive nature of scientific-
activities in the sense of a notion introduced in an early publication of 
the Berkeley study and developed further in the corresponding mono-
graph (BE, 1977: 670; BE, 1981: ch. 1; LA, 1979: 236ff.; IR, 1979: 
ch. 8). The constructivist interpretation is opposed to the conception of 
scientific investigation as descriptive, a conception which locates the 
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problem of facticity in the relation between the products of science 
and an external nature. In contrast, the constructivist interpretation 
considers the products of science as first and foremost the result of a 
process of (reflexive) fabrication. Accordingly, the study of scientific 
knowledge is primarily seen to involve an investigation of how scientific 
objects are produced in the laboratory rather than a study of how facts 
are preserved in scientific statements about nature. 

To begin our project let us look for a moment at the site of scientific 
action. In the laboratory scientists operate upon (and within) a highly 
preconstructed artifactual reality. It is clear that measurement instru-
ments are the products of human effort, as are articles, books, and the 
graphs and print-outs produced. But the source materials with which 
scientists work are also preconstructed. Plant and assay rats are spe-
cially grown and selectively bred. Most of the substances and chemicals 
used are purified and are obtained from the industry which serves the 
science or from other laboratories. The water which runs from a special 
faucet is sterilized. 'Raw' materials which enter the laboratory are 
carefully selected and 'prepared' before they are subjected to 'scientific' 
tests. In short, nowhere in the laboratory do we fmd the 'nature' or 
'reality' which is so crucial to the descriptivist interpretation of inquiry. 
To the observer from the outside world, the laboratory displays itself 
as a site of action from which 'nature' is as much as possible excluded 
rather than included. 

The instrumentally achieved character of the experience of modem 
natural science has led Peirce (1931-35, vol. 5: 457; vol. 7: 340) to 
suggest that scientific attributes such as the 'hardness' of a diamond 
are entirely constituted with regard to a system of possible instrumen-
tation, for example by the possibility of another stone being rubbed 
against the diamond. Protophysics has proposed that major parts of 
modem physics are better described as technology, that is, as know-
ledge about how to affect things technically rather than as knowledge 
which depicts nature (e.g. Janich, 1978: 13ff.). Habermas has referred 
to the phenomenon in terms of the 'transcendental viewpoint of possible 
technical control' reflected in modem science (1971: 99). In the scien-
tific laboratory this instrumentality, manifests itself not only in the 
nature of the 'things' upon which scientists operate, but also in the 
preoccupations of scientific action. Our ordinary contemplation of the 
moon in a cloudless night differs from the scientist's 'observations' of 
masses and chemical compositions, of brain impulses and intestine 
contents, in that instrumentally accomplished observations intercept 
natura! courses of events. The scientist's concern with 'making things 
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work' is a mundane reflection of this ongoing instrumental intercep-
tion. It is a preoccupation documented in several laboratory studies 
(e.g. BE, 1977: 670; 1981: 7; IR, 1979: 151, 158ff.). 

The vernacular fonnulation of 'making it work' suggests a contingency of 
results upon 'skilled production'. Perfonning successful research in the context 
of a complicated array of instrumental and organic contingencies is no easy 
matter, and even the most skilled technicians relegate a considerable number 
of their attempts to do experimental and observational work to 'failure' ... the 
work proceeds in circumstances that are seen as, at times, capricious and 
beyond control, though it is the member's task to construct a rationale for 
actions in tenns of 'effects' contingent upon such actions. Consequently, 
making it work entails a selection of those 'effects' that can be traced to a 
'rational' set of contingencies, and a discarding of 'attempts' that are bound 
to fall short of such 'effects'. Making it work is thereby a kind of skilled 
work, but one that is never fully under control. (IR, 1979: 161) 

According to the Berkeley study, the concern with making things 
work (instrumentally) is what we find in the laboratory instead of the 
quest fortruth customarily ascribed to science: 

If there is a principle which seems to govern laboratory action, it is the scien-
tists' concern with making things 'work', which points to a principle of success 
rather than one of truth. Needless to say, to make things work - to produce 
'results' - is not identical with attempting their falsification ... [nor does] the 
scientist's vocabulary of how things work, of why they do or do not work, 
of steps to take to make them work ... reflect some fonn of naive verification-
ism, but is in fact a discourse appropriate to the instrumental manufacture of 
knowledge in the workshop called a 'lab'. (BE, 1981: 7f.) 

The decision-ladenness of constructive operations 

We have seen that the products of science can be seen as first and fore-
most the result of a process of fabrication which manifests itself in the 
artifactual character of scientific reality and in the instrumental nature 
of scientific operations. Let us now look more closely at the process of 
fabrication itself. To consider a product as first and foremost the result 
of a process of production is to imply that what happens in the process 
of production is not irrelevant for the products obtained. As the 
Berkeley study argues, this means that the products of science have to 
be seen as highiy internally structured through the process of produc-
tion, independently of questions of their external structuring through 
some match or mismatch with 'nature' (BE, 1981: 9ff.). 
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The decision-impregnated nature of inquiry 

How can we conceive of this internal structuring of scientific products? 
The activities observed in the laboratory not only involve tools and 
materials which are highly preconstructed, they also involve decisions 
and selections. The choice of a particular measurement device, a parti-
cular formulation of chemical composition, a specific temperature or 
of the timing of an experiment is a choice among alternative means 
and courses of action. These selections, in turn, can only be made with 
respect to other selections: they are based on translations into further 
seiections, the so-called decision criteria. For example, the question 
which statistical function a scientist chooses to approximate experi-
mental data usually involves a choice between several criteria of 
statistical fit, as well as choices between criteria such as 'simplicity' 
(often invoked when a linear function is preferred), 'comparability' 
(e.g. when the same function is chosen to approximate different data 
sets), or 'precision' (BE, 1981: 10). Thus scientific products can be 
seen as internally constructed in terms of several orders or levels of 
selectivity: they are structured not only with respect to the composite 
laboratory selections through which they are generated, but also with 
respect to the translations incorporated within those selections. 

Scientific arguments often revolve around such second order selec-
tions, as exemplified in the La 10lla study's account of the change of 
criteria which determined at different points in time, what counted as 
an 'isolation' of the Thyrotropin Releasing Factor (LA, 1979: 120ff.; see 
particularly CoIlins, this volume). To reach a decision, we need a deci-
sion criterion or a translation into a second order selection. To challenge 
a decision, we refer to the possibility of alternative selections. 

Selections can be· called into question precisely because they are selections; 
that is, precisely because they involve the possibility of alternative selections. 
If scientific objects are selectively carved out from reality, they can be de-
constructed by challenging the selections they incorporate. If scientific facts 
are fabricated in the sense that they are derived from decisions, they can be 
defabricated by imposing alternative decisions. In scientific inquiry, the 
selectivity of selections incorporated into previous scientific work is itself 
a topic for further scientific investigation. At the same time, the selections 
of previous work constitute a resource which enables scientific inquiry to 
proceed: they supply the tools, methods, and interpretations upon which a 
scientist may draw in the process of her own research. (BE, 1981: 12) 

The scientific laboratory consists of materializations of earlier 
scientific selections; this accounts for its artifactual character. 'The 



r

122 

mass spectrometer is the reified part of a whole field of physics; it is an 
actual piece of furniture which incorporates the majority of an earlier 
body of scientific activity .... Every time a statement stabilizes, it is 
reintroduced into the laboratory (in the guise of a machine, inscription 
device, skill, routine, prejudice, deduction, programme, and so on)' 
(LA, 1979: 242f.). It is clear that previous scientific selections thus 
change the conditions of further decision-making - they set the scene 
at the site of action. In this sense, scientific products are not only 
decision-impregnated, they are also decision-impregnating. 

The decision-impregnating character of scientific products 

How is it that scientific products become decision-impregnating? 
According to the La Jo11a study, 'facts are constructed through opera-
tions designed to effect the dropping of modalities which qualify a 
given (scientific) statement' (LA, 1979: 237). The La Jo11a study lists 
five types of statements which range from linguistically marked con-
jectures or speculations (type 1), knowledge claims by one author 
(type 2) and qualified general assumptions ('Oxytocin is generally 
assumed to be ... ,' type 3) to uncontroversial 'facts' still associated 
with an author (type 4) and unqualified taken-for-granted knowledge 
(type 5). Laboratory activity is portrayed 'as a constant struggle for 
the generation and acceptance of particular kinds of statements', 
namely statements of type 4 which associate an acknowledged fact 
with the name of the scientist(s) to whom this 'finding' is attributed 
(LA, 1979: 75ff., 88): 

The problem for participants was to persua4e readers of papers (and consti-
tuent diagrams and IlgUres) that this statement should be accepted as fact. 
To this end rats had been bled and beheaded, frogs had been flayed, chemi-
cals consumed, time spent, careers had been made or broken, and inscription 
idevices had been manufactured and accumulated within the laboratory. This, 
indeed, was the very raison d' etre of the laboratory. 

Thus, the constructive operations with which we have associated 
scientific work can be defmed as the sum total of selections designed to 
transform the subjective into the objective, the unbelievable into the 
believed, the fabricated into the fmding, and the painstakingly con-
structed into the objective scientific fact. The transformational aspect 
of the constructivist interpretation does not refer solely to the moulding 
and shaping of things in the hands of scientific craftsmen (Ravetz, 
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1971), or to the phenomenon that selectivity itself is transformed in 
scientific work through the process of 'literary inscription'. The trans-
formations mentioned above imply a symmetry break in the sense that 
the natural becomes dissociated from the social once other selections 
are effectively ruled out, or once scientists have been persuaded to 
consider certain propositions as factual descriptions. 

Bringing space and time back in: 
the occasioned character of constructive operations 

If the products of scientific work reflexively embody several orders 
of selectivity, then a major question for us is how t1;le respective selec-
tions are accomplished in the laboratory. If laboratory selections 
emerge from translations into further selections, then laboratory studies 
confront the question of how the respective translations are made. How 
do scientists rule out and bring in alternative possibilities, how do they 
reach and break up closure in ongoing work? If ethnographers of 
science had hoped to come up with a set of parameters which neatly 
specify this process they were quickly disappointed. A day in the 
laboratory will usually suffice to impress upon the observer a sense of 
the disorder within which scientists operate, and a month in the lab 
will confirm that most laboratory work is concerned with counteracting 
and remedying this disorder. As the authors of the Troy study describe 
their experience: 'Zenzen was surprised that the research was "messy"; 
Restivo was surprised to fmd things "messier" than he had anticipated' 
(TR, 1979: 3). 

It is perhaps the single most consistent result of laboratory studies 
to point to the indeterminacy inherent in scientific operations, and 
to demonstrate the locally situated, occasioned character of laboratory 
selections. The phenomenon has been noted since the earliest publica-
tions ofIaboratory observations (BE, 1977: 674f.), and confirmed in all 
ethnographic studies currently available in print. I have mainly used the 
notions of indexicality, of opportunism and of contingency and idio-
syncrasy in this connection (BE, 1979: 356ff.; BE, 1981: ch. 2); the 
Irvine study refers to circumstances and the indexical properties of 
laboratory work (IR, 1979: 16ff., 410, ch. 7); the La Jo11a study uses 
the notions of circumstances (LA, 1979: 239), opportunism and 
idiosyncracy (LA, 1980); the Troy study focuses on social contingencies 
(TR, 1979: 19fL), and the Burnaby study refers to the unique situation 
and local peculiarities from which hypotheses originate (BV, 1979: 19). 
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The situationally contingent, circumstantial or indexical 
logic of scientific work 

Laboratory studies demonstrate that scientific products are 'occa-
sioned' by the circumstances of their production. 'Occasioned' here 
means that the circumstances of production are an integral part of the 
products which emerge. Thus we are not just referring to contextual 
factors which 'influence' work which in its core is non-contextual. 
To quote from the Berkeley study: 

This contextual location reveals that the products of scientific research are 
fabricated and negotiated by particular agents at a particular time and place; 
that these products are carried by the particular interests of these agents, and 
by local rather than universally valid interpretations; and that the scientific 
actors play on the very limits of the situational location of their action. In 
short, the contingency and contextuality of scientific action demonstrates 
that the products of science are hybrids which bear the mark of the very 
indexical logic which characterizes their production .... (BE, 1981: 58) 

The occasioned character of scientific work first manifests itself in 
the role played by that which visibly stands around at the research 
site, that is by facilities and measurement devices, materials which are 
in stock, journals and books in situ in the library, or specialized labora-
tories with specially trruned technicians. It quickly touches upon less 
material objects such as the kind of routine analyses offered by service 
laboratories, office and laboratory hour regulations, or things for 
which one can get money easily within the organization. Circumstances 
of this sort are simple but consequential in that they reappear in the 
instrument chosen for a particular measurement, in the kind of analysis 
made, in a chemical ingredient selected, or in a problem formulation. 

Test animals and other source materials equally are a constant cause 
of occasioned selections. For example, rats which are about to be 
'sacrificed under nembutal anesthesia by intracardial pyrfusion' (to 
cite an excerpt from the field notes of the Irvine study), tend to squirm, 
squeak, kick, try to bite, and wriggle free. Thus they tend to cause 
troubles which require unmethodical remedies. For five rats, the 
Irvine study lists 

troubles in the animal's attempt to escape (Rat #1), failure of the animal 
to easily 'go under' the anesthetic (Rats #2, 3), 'toughness' of heart tissue 
to puncturing in the procedure (Rat #3), a leak sprung in fluid's course 
through the vascular system (Rat #5). The troubles pointed to the circum-
stantial character of each animal in its operative situation - to the troubles 
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inherent in the animal's frantic attempt to avoid compliance, to the arrange-
m~nts of equipment and their possibilities for falling apart. (IR, 1979: 424) 

Variability caused by raw materials is a dreaded source of nuisance 
for the scientists. As the head of a laboratory put it: 'The big variability 
is getting the raw material. We have never been able to get the same raw 
material again .. .it's the same in microbiology. You have to scratch 
yourself in the same place every time you play, and everything has to 
be the same, or else the accounts are meaningless' (BE, 1981: 68f.). 
The Troy study provides a comprehensive list of variable circumstances 
which affected the nature and the direction of the laboratory work 
observed (TR, 1979: 11). 

The indexicality and the occasioned oscillation of rules 
and decision criteria 

Let us now turn to a somewhat less tangible aspect of indexical 
construction: to local interpretations and the variation of rules and 
decision criteria. Decision criteria are often considered to be universal 
principles which circumscribe a variety of concrete selections. The 
criteria of 'simplicity', 'feasibility' and 'costs' provide frequently 
cited examples of such general principles. Yet seemingly universal 
decision criteria have variable indexical meanings, and they appear 
in concrete laboratory constructions in their indexical form. To be 
sure, the instruments needed in an experiment, the energy consump-
tion, labour intensity or duration of a process, even the health hazards 
involved can all be translated into fmancial expenses and called 'costs'. 
Yet the product bears the· mark of concrete selections such as the 
choice of a toxic versus non-toxic chemical, or of a laser-beam operated 
microscope (through which particle structure can be explored) versus 
a 'normal' electron microscope (which renders pictures of the particle 
surface). It is the concrete selection in which 'that which stands around' 
reappears, and it is the concrete translation in which time- and space-
bound circumstances of broader relevance (such as the year-to-year 
policy of the Food and Drug Administration) come to bear. General 
criteria are post hoc and ex ante schematizations of higher order 
selections which become meaningful and consequential only in their 
indexical form, as circumstantially occasioned selections. 

Criteria oscillations in scientific inquiry can be tied to this in-
dexicality. In its record of the creation of a few hundred analogs 
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of somatostatin out of 2.6 X 1022 possible analogs, the La 10lla study 
describes a series of occasioned shifts in selection criteria which decided 
from one analog to the next which modification to try. For example: 

modillcation 167 combines two different modillcations invented earlier. 
One of the rules is to delete one after another each amino acid and see what 
happens. One of the other programmes is to replace the levorotatoryform 
that exists in nature, with a dextrorotary form. From these two rules, how-
ever, you carmot deduce modillcation 167 because it carmot be obtained 
through systematic screening except by manufacturing thousands of analogs. 
The modillcation 167 is not a chance encounter though ... JR makes up a 
small rule: 'combine successful modillcation'; and then follows another 
explicit constraint: 'go to the analogs that are most helpful for diabetes -
and so justify our one million dollar grant'. So, they devise des-Asns 
D_Trp3 that is ... immediately patented by the lawyers of the non-profit 
institute in which JR works. (LA, 1980: 61). 

What determines the final string of analogs created is not one con-
sistently applied criterion, but problem translations which are made 
up 'in going along', and which manifest themselves in the above shifts 
between 'rules'. Glaring inconsistencies often result from such situated 
choices. In the following example the whole point of a long-term 
research effort is subverted by such choices. 

The entire thrust of (research on single cell proteins) is the notion that protein 
suitable for human consumption can be isolated from the cells of certain 
highly abundant microorganisms. Unfortunately, the necessary disruption of 
the cell wall can only be accomplished by a homogenisation method using 
liquid CO2 as a coolant, a method which costs about $10,000 per 1,000 
grams of microbial protein. Moreover, the resulting protein is chemically 
modilled in order to become more suitable for human consumption. And 
before this process of modillcation can proceed, the protein is dissolved 
by means of potentially toxic organic compounds. Thus, the picture we get 
from these long term research efforts is that of a 'cheap' protein which is 
tremendously expensive to produce, and which is made 'suitable for human 
consumption' by the use of toxic substances. (BE, 1981: 77) 

Needless to say, scientists adjust their research goals to suit the 
selections made, and they adjust their selections to suit new circum-
stances created by their research. If selections are seen as time- and 
space-bound indexical selections, such shifts and oscillations will not 
be surprising. If the logic of research is an opportunistic logic, con-
sistency according to formal criteria cannot be endemic to constructive 
operations. This is of course not to say that we cannot find any con-
sistent selections or selection criteria in the process. But this consistency 
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appears to be primarily linked to self-referential efforts at consistency-
making and cannot be simply presupposed. 

The socially situated character of constructive operations 

To call the logic of inquiry opportunistic is to point to the occasioned 
character of selections and to the scientists' self-referential definitions 
of an 'occasion'. Differently speaking, we could say that selections arise 
out of 'occasions' which are accomplished as 'occasions'. These accom-
plishments, however, are not in principle individual achievements_ The 
unit of action relevant here is a social unit, composed of (at least) 
two participants. Moreover, the respective interactions transcend the 
laboratory site, and appear to be situated in a field of social relations. 
I will first turn to the interactively accomplished character of construc-
tive operations. 

The interactively accomplished character of scientific work 

All laboratory studies of which substantial results are available demon-
strate the interactive basis of scientific work, whether they address the 
phenomenon explicitly or not. For example, the Troy study wants 'to 
convey ... the way in which communication and contingencies con-
tinuously influence the course of scientific research'. It adds more 
specifically: 'the research adapted itself to ... constraints by making 
use of contingencies; and the way they are made use of is partly a 
function of communication about them' (TR, 1979: 24f.). 

The La 10lla study holds that scientists' activities are directed not 
towards 'reality' but towards operations on statements, which means 
towards an agonistic field of social conflict constituted by other scien-
tists . and their statements. The practical reasoning of scientists in the 
laboratory is particularly apt to illustrate the interactive basis of scien-
tific work. In the follOwing example, two scientists negotiate what they 
choose to accept as negative evidence for a psycho behavioural effect 
(LA, 1979: 156): 

Wilson: Anyway, the question for this paper is what I said in one of the 
versions that there was no evidence that there was any psychobehavioural 
effect of these pep tides injected LV ... Can we write that down? 

Flower: That's a practical question ... what do we accept as a negative answer? 
(Flower mentioned a paper which reported the. use of an 'enormous 
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amount' of peptides with a positive result.) 
Wilson: That much? 
Flower: Yes, so it depends on the peptides ... but it is very important to do ... 
Wilson: I will give you the peptides, yet we have to do it ... but I'd like to 

read the paper .. , 
Flower: You know it's the one where ... 
Wilson: Oh, I have it, OK. 
Flower: The threshold is one ug ... OK, if we want to inject 100 rats (we need 

at least a few micrograms) ... it's a practical issue. 

For Flower the 'practical' question is what quantity of peptides 
Wilson is willing to provide. As the La 1011a study argues, the discussion 
'entails a complex negotiation about what constitutes a legitimate 
quantity of peptides'. The Irvine study devotes an extended chapter to 
the presentation and analysis of transcribed conversations among scien-
tists, which demonstrate in minute detail the subtle shifts through 
which agreement is socially accomplished in the laboratory. In the 
following extract, the issue is what one 'sees' (IR, 1979: 322): 

V: How de yew know they're microglia? 
H: Uh::h 
V: I: mean 
V: (hh) UH YEH KNOW THE'S A BIG QUESTION OF 
H: ( ) 
V: whut i:s microglia, whut is'n microglia an' where does microglia come 

from en-
H: (ahts;s ats fucldn doesn' make any difference t'me noe) 
V: 0: h its a big doh- big d(hh)d question an-
():hah hah hah hah hah 
H: I don't worry bou-

yeh know thet s : s ( 
ah yeh know yew c'n use whatever wo:rd yew wonna use= 

V: =uh:h 
H: sayuh Del Rio Hortega (pos'tve cells) fer all I care, right? 
H: Y'see these liddlethings ( ) 
H: Del Rio Hortega positive cells 

The irrelevance of specialist communities 

Laboratory studies display scientific products as emerging from a form 
of discursive interaction (BE, 1981: 28f.) directed at and sustained 
by the arguments of other scientists. Naturally, the group of rele-
vant others includes many not present in the laboratory itself. The 
situational contingencies observed in the laboratory are traversed and 
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sustained by relationships which constantly transcend the site of 
action. The scientists' constructive operations are socially accomplished 
not only in the sense in which they involve in situ face-to-face inter-
action, but also in the sense that they involve participants' referring 
to - and calling upon - 'ex situ' relations. 

It is probably no exaggeration to say that the notion which has 
been most frequently associated with the ex situ social organization 
of science is that of the scientific community. Scientific communities 
are mostly circumscribed by a specialty area and seen as small social 
systems with inherent boundaries and internal mechanisms of integra-
tion. Since the earliest sociological studies of science, these mechanisms 
have been characterized in terms of economic analogies. Starting 
from an emphasis on the role of (imperfect) competition (e.g. Merton, 
1968) we have moved to precapitalist models of the scientific com-
munity in which scientific achievements are exchanged for a variety 
of rewards (e.g. Hagstrom, 1965), and fmally to a capitalist market 
economy of science originally proposed by Bourdieu (1975). Here 
the scientific field is the locus of a competitive struggle for the mono-
poly of scientific credit acquired through the imposition of technical 
defmitions and legitimate representations of scientific objects. The 
market model has been modified and refmed by the La 1011a study, 
which sees scientists as seekers and investors of credibility. Credibility 
accrues from credible information, that is, from statements of type 4 
or 5 (see above p. 122). It can in turn be converted to money, posi-
tions, recognitions, etc., and through these resources into more 
information, in a cycle in which scientists are not interested in truth, 
nor their subject matter, nor in recognition per se (Latour, 1979: 
49ff.). What is of interest is the acceleration and expansion of the 
reproductive cycle which produces new and credible information, 
that is, statements for which the cost of raising objections is as high 
as possible. 'Reproduction for the sake of reproduction is the mark 
of pure, scientific capitalism' (LA, 1979: 194f., 207, 213): 

It becomes clear that sociological elements such as status, rank, award, past 
accreditation, and social situation are merely resources utilized in the struggle 
for credible information and increased credibility. It is at best misleading 
to argue that· scientists are engaged, on the one hand, in the rational pro-
duction of hard science and, on the other, in political calculation of assets 
and investments. On the contrary, they are strategists, choosing the most 
opportune moment, engaging in potentially fruitful collaborations, evaluating 
and grasping opportunities, and rushing to credited information .... Their poli-
tical ability is invested in the heart of doing science. The better politicians and 
strategists they are, the better the science they produce. 
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Studies of scientific work which have not adopted the quasi-economic 
model of specialty fields have either not addressed the issue (JR, 1979), 
or taken a critical stance (BE, 1981: ch. 4). The Troy study outlines 
the contours of a 'hierarchical complex model' of the scientists' involve-
ment in different groups held together by the degree and kind of 
communication entertained - a model most relevant to intraorganiza-
tional exchanges (TR, 1979: 23). The Keele study has employed the 
credibility model to account for the scientists' self-interested activities 
(KE, 1980). In addition, it has introduced the notion of 'networking' 
to refer to the tacit structuring activities through which agents establish 
interrelationships between people, things, and facts in a way potentially 
transcending scientific fields. 

The critique of the capitalist market model of specialty fields can 
quickly be sketched. First, the notion of action implied by this model 
is dangerously near to that of classical economic theory, where homo 
economicus is a conscious maximizer of profits. He or she is either 
assumed to have an insatiable appetite for property, or is thought to 
accumulate for the sake of accumulation. In the first case, the beha-
viour is linked to an implicit assumption about human nature; in the 
second, it derives from market requirements which result from well-
known historical developments. More sophisticated versions of economic 
man tend toward the latter interpretation, and substitute the idea of 
'satisficing' under conditions of limited information for that of rational 
optimization: actors make do with the first satisfactory solution they 
come across (March and Simon, 1958). 

However, the model remains individualistic and voluntaristic. It 
ignores the fact that decision outcomes are socially accomplished in 
context rather than individually calculated, as illustrated in micro-
social research (Knorr-Cetina and Cicourel, 1981: 7-47). Moreover, 
it ignores the fact that outcomes are often not consciously calculated, 
or even intended by anyone of the parties involved. To be sure, some 
economic models of science have tried to avoid these problems by 
defining their descriptions and imputations as social-structural, and 
by disclaiming any interest in individual behaviour. Yet to describe 
a system in intentional terms, such as in terms of interests, accumula-
tion, competition and investment, requires that we assume correspond-
ing individual behaviour, or specify some mechanism to explain system 
outcomes as not provoked by matching individual actions. Short of 
such a mechanism, intentionally descriptive system models of economic 
behaviour promote unintelligible reifications. 

A second point of criticism is that the capitalist market analogy 
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when applied to science leads to a host of difficulties. The advantage 
of an analogy is that it brings to bear upon a little-known phenomenon 
information about a better-known phenomenon which in some sense 
UlIl be seen as similar to the former . Yet the mechanisms transferred 
from one phenomenon to the next have to remain internally consistent, 
or else the transfer amounts to not much more than a substitution of 
terms (such as 'symbolic capital' for 'recognition'). In Marx's economk 
theory, the notion of capital is linked to the idea of an accumulation of 
surplus value, which in turn is inherently connected to the notions of 
exploitation, class structure, and alienation. To make sense of this 
structure in a scientific specialty, we would somehow have to distin-
guish scientists-capitalists from scientists-workers by defining a level 
of symbolic capital or credibility above which scientists count as 
capitalists and below which they do not. However, such a procedure 
would be arbitrary. Part of the difficulty is the notion of symbolic 
capital itself. Such capital, particularly if it is understood in terms of 
credibility or operationalized in terms of publications and professional 
status, is a common, though graded, characteristic of everyone to whom 
the notion scientist commonly applies. Another and more important 
part of the difficulty is the restricted reference of the market model, 
which continues to promote an internalistic view of science. 

This intemalism 'is no longer due to the once dominant distinction 
between the social and the cognitive side of science, but to a continuing 
limitation of the perspective to the scientists themselves' (BE, 1981: 
134). Scientific communities have turned into markets, and normative 
and functional integration has been replaced by a competitive struggle. 
Scientists have become capitalists, but they are still treated as though 
they were isolated in a self-contained, independent system of their 
own. Since we cannot define class differences in this system in any 
justifiable way, we end up with communities of -petty capitalists who 
sustain themselves by somehow exploiting (or not exploiting?) each 
other. In economic theory, the existence of such community capitalism 
would certainly be a curiosity, in particular because those who provide 
the actual resources into which symbolic capital must be converted 
before it can be renewed are conspicuously absent from the picture. 

Finally, it appears that as in previous economic models, this inter-
nalism goes together with a (presumably unintended) functionalism. 
The capitalist market model implies that there is an unequivocal con-
nection between the reproduction of credible information and access 
to positions, careers, research money, citations and recognition. Yet 
the assumption that a career in science is made by accumulating 
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scientific 'achievements' and by converting the credit associated with 
these achievements into resources and positions leads us back directly 
,to Kingsley Davis's famous theory of social stratification according 
to which those who achieve best earn the better positions in society. 
While such a system might indeed be called functional, decades of 
sociological research have shown that it does not exist. The Keele 
study has seen some of the difficulty: 

Calculations about credibility rarely take place uninfluenced by noncredibility 
issues. This is, of course, a way of saying that science is constitutively social 
in a manner even broader than that suggested by the credibility model. To 
view science as the disinterested search for credibility is, in its own way, as 
misleading as to view it as the disinterested search for truth. (KE, 1980: 
313) 

The transepistemic connection of research 

Basing his argument on a study of communication patterns in a number 
of research laboratories, Whitley has recently proposed that such rela-
tively broad orgailizational units as specialist communities are largely 
irrelevant and often unknown to the scientists who work in these 
laboratories (1978: 427), and Edge has called the 'correct defmition 
of a specialty' a meaningless concept to be replaced by a radically 
participant-centred perspective on scientific collectivities (1979: 124). 

What, then, do scientists' ex situ involvements as displayed in the 
laboratory suggest in regard to the social organization of science? The 
scientists' practical reasoning routinely refers not only to specialty 
colleagues and other scientists, but also to grant agencies, administra-
tors, industry representatives, publishers, and the management of the 
institute at which they work. It is clear that the agents invoked do not 
form a professional membership group. Moreover, scientists, even 
specialty colleagues, may confront each other in their everyday ex-
changes in 'non-scientific' roles in which they administer money or 
decide on professional careers. Similarly, a government official or sales' 
agent may negotiate with the scientific specialist the methods to be 
used in a research project, or the proper interpretations of a measure-
ment result. 

In short, laboratory reasoning and the involvements in which 
scientists perceive themselves to be entangled refer us to symbolic 
relationships which are transepistemic (BE, 1982a), that is, to relation-
ships which in principle go beyond the boundaries of a scientific 
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community. These symbolic relations are not primarily determined 
by characteristics held in common by its members as in the case of 
a logical class. The social integration which emerges from this picture 
is based not upon what is shared, but upon what is transmitted be-
tween agents. Accordingly, relationships between agents are often 
construed as 'resource' -relationships, in which agents are interested in 
what is transmitted because they can convert it into something else. 
For example, results in the literature are taken over in order to be 
converted into new products of the scientist making the transfer, 
and they will, in the process, undergo transformations and recon-
structions. 

The crucial question is, of course, in what sense the observed trans-
epistemic connections of scientists are relevant to the process of inquiry . 
My answer is that these relationships emerge as the locus in which the 
decision criteria corresponding to laboratory selections - not neces-
sarily the decisions themselves - are defined and negotiated. Take the 
case of a grant proposal. It has long been noted that research problems 
may be an 'external' input to science, for example an input defined by 
the research priorities a funding agency determines. Yet the funding 
agency usually does much more than simply promote certain goals. 
The proposals I looked at go through many fine-grained stages of 

. problem translation and· elaboration. It is exactly through these ela-
borations that scientists and financing agencies negotiate what the 
problem is and how it is to be translated into research selections. 

Some epistemologically relevant implications of 
constructivism 

My claim that transepistemic relationships are the locus in which the 
decision translations corresponding to laboratory selections aredefmed 
and negotiated does not imply that laboratory selections can be read 
off from scientists' contextual involvements. For one thing, the in-
terests and commitments negotiated in these interactions do not 
unequivocally determine decision translations in the laboratory. Re-
search problems defmed in grant proposals become redefmed during 
laboratory investigations, and agreements regarding research choices 
change in response to the circumstances, the opportunities and the 
troubles encountered from occasion to occasion. Second, the interests 
and commitments underlying transepistemic interactions often remain 
implicit, and at times may be deliberately left unclear. Scientists 
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themselves 'figure', 'think', and 'imagine' what other participants 'have 
in mind' in regard to their work. But clearly they often do not know 
precisely what kind of result would meet with interest and satisfaction. 
Third, it is clear that the preferences emerging from transepistemic 
involvements depend themselves on the variable circumstances of 
these interactions. In short, scientists' ex situ involvements are simply 
marked by the same indexical, occasioned and socially accomplished 
logic which appears to characterize laboratory action. 

I take this phenomenon to be a characteristic feature of social 
practice in general; and I want to point out some of its epistemologi-
cally relevant implications. If the conditions at the research site and 
the circumstances of scientists' interactions constitute variable occa-
sions out of which laboratory selections arise, then we cannot predict 
the outcome of these occasions from knowledge of single components 
of these circumstances. If the respective occasions are marked by a 
social (interactional) dynamic of its own, then we cannot predict the 
outcome of the situation from knowing the actors who engage in the 
negotiation. Thus we are confronted with the somewhat annoying 
picture of an indeterminacy inherent in social action. The indexicality 
and the idiosyncr~sies of scientific work jeopardize the hope of the 
philosopher of science to frod once and for all the set of criteria which 
rule scientific selections. The situational contingency and the social 
dynamic of scientific action resist the attempt of the sociologist to 
specify once and for all the (social and cognitive, internal and external) 
factors which determine scientific action. 

Strictly speaking, at least two sources of unpredictability can be 
differentiated. First, social action appears to be underdetermined by 
antecedent constraints (such as goals, rules, or 'structural' conditions). 
I take this to imply that antecedent constraints become practically 
meaningful only when interpreted in context, and hence their specific 
enactment (including their neglect, perversion, or substitution) changes 
with time- and space-bound conditions. Second, in a given situation 
social action may be overdetermined in that different, interpreted 
constraints (such as personal goals and technical preferences) exist 
and are at variance with one another, in which case the outcome of 
the situation seems to depend on the (unpredictable) dynamics of the 
clash. Both features account for the negotiated aspects of social life, 
though conflict is endemic only to the latter condition. Both features 
describe the essential indeterminancy of social practice in the sense 
that practice can no longer be conceived as the mere execution of a 
predetermined order of things, but rather this order is itself a function 
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of local closure reached in practical action. 
Perhaps surprisingly, observers of scientific work have seen this 

indeterminacy in a positive light. . They have maintained that the 
contingencies observed are 'constitutive of the research' (TR, 1979: 
24), or that they must be considered the very principle of scientific 
change (BE, 1981: l1ff.). They have analyzed scientific writing as a 
material operation of creating order out of noise produced in scientific 
work (LA, 1979: 245) and have pointed to recent developments in 
thermodynamics (prigogyne) and systems theory (von F oerster) to 
support these observations (LA, 1979: 244ff.; BE, 1981: lOff.). These 
developments demonstrate the creation of 'order out of disorder', or 
more precisely, of information out of noise and of organization out 
of chance events. 

The most useful analogy here is perhaps that of the evolution of 
the universe, or more restrictively, that of biological evolution. Macro-
and microevolution can be seen to originate from self-organizing 
processes which crucially involve chance mechanisms, an idea with 
which we are familiar in terms of the biological mechanisms of muta-
tion and selection. Put extremely, theories of evolution demonstrate 
the possibility of conceiving of creation and the progressive develop-
ment .of things out of nothing, and invoke chance as the most effective 
mechanism in the process. It is the thrust of the constructivist concep-
tion to conceive of scientific reality as progressively emerging out of 
indeterminancy and (self-referential) constructive operations, without 
assuming it to match any pre-existing order of the real (BE,. 1977: 
673; '1981: 4, 18ff.; LA, 1979: 244ff., 250). 

If we take the metaphor of the manufacture of knowledge seriously, 
science emerges from the constructivist interpretation as a 'way of 
world-making' (Goodman, 1978). A factory is a production facility, 
and not an establishment designed to mimic nature. Nor would it 
seem that a process of fabrication is best described by a model which 
one-sidedly conceives of science as problem-solving (Laudan, 1977). 
The problem-solving model suggests that science is a successful tool 
for adequately coping with the world, even though we may not want 
to think of it as correctly representing the world. The vision behind 
this model is that of a decreasing stock of problems constituted by 
what we do not yet know about how to handle the world-out-there. 
The. vision behind the constructivist programme as I conceive of it is 
that of a potentially increasing stock of problems created by science 
in the process of secreting an unending stream of entities and relations 
that make up 'the world'. The 'unknown world' as an intentional 
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object of science is itself a function of a constantly changing scientific 
practice, of what at every moment of scientific work emerges as the 
known world. But this known world is a cultural object, a world iden-
tified and embodied in our language and our practices. 

Thus, accepted theories must indeed be considered more than just 
useful instruments for facilitating measurements and observations, in 
the sense that they identify for us in our language and practices (and 
what more could there be?) what 'the world' really is and what it 
consists of. Yet this 'world' is itself the outcome of a process of inquiry 
which is construed generatively and ontologically, rather than descrip-
tively and epistemologically. More concretely, inquiry is 'about' ever 
new procedures in terms of which 'something' can be practically 
reliably encountered and recognized as an object which displays iden-
tifiable characteristics, and which can thereby become incorporated 
in and constitutive of our future world. 

To conclude, the interpretation of science I have advanced entails 
neither a subjectivist position (see the respective accusations of Bazer-
man, 1980, and Cozzens, 1980, against the La Jolla study) nor a 
relativist position in the common (say Mannheim's, 1954) sense of the 
word. It requires the working out of an empirical, constructivist epis-
temology which conceives of the order generated by science as a 
(material) process of embodiment and incorporation of objects in our 
language and practices. Needless to say, the effort to develop such an 
interpretation of science has only just begun. Quite obviously, I think 
that the programme will profit from (but need not be bounded by) the 
microscopic investigation of scientific practice. 

Notes 

I am grateful to Daryl Chubin, Michael Mulkay and Sal Restivo (who coined the 
notion 'transepistemic') for helpful comments on an earlier draft of this chapter. 

1. This is not to say that references to social or cognitive interests could not 
be used, say, to explain epistemologically relevant events such as the closure of a 
controversy. And indeed, Pickering's account of the success of the charm model 
over the colour model in a recent controversy in quantum physics provides us 
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with an example of exactly this use of an interest explanation (1980). As I see it, 
the distinctive difference between Pickering's account and the traditional interest 
approach lies in the fact that Pickering addresses himself to the question of what 
causes a consensus formation, and not to the epistemologically irrelevant question 
of what causes individuals' belief preferences. 

2. I am aware of at least two other research programmes which can be charac-
terized by methodological microscopism: one is the ethnomethodological approach 
to science studies (see Lynch, 1979; Garrmkel et al., 1981; Woolgar, 1980; and 
Lynch et al. as well as Woolgar, this volume). The other is the emerging discourse 
analysis of scientific talk and writing as proposed by Mulkay and Gilbert (see 
Gilbert and Mulkay, 1980; the formulation of the constitutive assumptions of this 
perspective by Mulkay and Gilbert, 1982, and the works quoted in Mulkay, Potter 
and Yearley, this volume). While other analysts, and particularly students oflabo-
ratory 'practice, also analyze scientific discourse (Latour and Fabbri, 1977; Latour 
and Woolgar, 1979; Lynch, 1979; Knorr-Cetina and. Knorr, 1982; Knorr-Cetina, 
1981: ch. 5; Woolgar, 1980), Mulkay et al. adopt a distinctive methodological 
and epistemological perspective which appears uninterested in questions of the 
sociology of knowledge as posed above. The same holds for ethnomethodological 
analyses of science. I should also like to mention that microsociological studies of 
science have not developed in isolation. In many respects, Fleck's. only lately re-
discovered study of the genesis and development of a scientific fact constitutes 
a forerunner of recent microsociological investigations into the hard sciences 
(Fleck, 1979; rmt published in 1935). Furthermore, the 'cognitive' sociology of 
science which emerged in the wake of the reception of Kuhn has argued the 
necessity to include the 'cognitive' side of science in sociological investigations 
since the early 1970s (see e.g. Nowotny, 1973; Weingart, 1976; Edge and Mulkay, 
1976). Finally, some of the results of ethnographic studies of science are sus-
tained by work in history and philosophy of science which ranges from Duhem 
to Kuhn (see the Introduction to this volume) - though most ethnographic 
studies to date have the character of grounded sociological theory and description 
and do not link themselves directly to the above work. 
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