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Abstract
The aim of our paper is to outline an approach to comparative investigations of
natural, i.e. essentially non-social influences on human actions. Any sociological
approach that does not subscribe to radical constructivism implicitly or explicitly
acknowledges that nature interferes with human action. It must find a way of including
non-social influences in sociological explanations. Sociology of science is especially
affected because scientific research is aimed at investigating nature and therefore
shaped by it in a rather unmediated way. The solutions offered by sociology of
scientific knowledge – especially Actor-Network Theory and the ‘Mangle of Practice’ –
are insufficient because they combine highly abstract concepts with idiosyncratic
descriptions, both of which are unsuitable for comparative approaches. As a solution
to the problem, we propose to identify sociologically relevant classes of non-social
factors (epistemic conditions of action) and to look at the channels through which
these conditions affect social action. These channels of influence can be described by
linkage variables which depend on the non-social factors but are at the same time
compatible with sociological descriptions of actions. This approach is demonstrated by
two examples.
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1 How to observe the observation of nature?1
Any sociological approach that does not subscribe to radical constructivism implicitly
or explicitly acknowledges that nature interferes with human action. Consequently, any
such approach must either prove that nature’s interference is sociologically irrelevant,
or it must find a way of including natural - i.e. essentially non-social - influences in
sociological investigations and explanations. Sociology of science is especially
vulnerable in this respect because scientific research is a human action that is aimed at
investigating nature. Both the part of nature investigated by scientists and scientists’
current understanding of that part must be assumed to have a decisive impact on the
content and the results of research action.
The question whether – and if so, how – nature and knowledge about nature must be
dealt with by the sociology of science has been subject to a long and sometimes heated
debate. Unfortunately, this debate has focused on the philosophical foundations and
consequences of the above-mentioned questions. What has not been addressed is the
methodological question of how empirical sociological investigations of science should
include nature and knowledge about it. This is unfortunate because empirical studies of
science must solve two rather difficult problems in order to achieve progress in
explaining science. Firstly, empirical findings obtained by studying different scientific
fields must be related to each other. Causal explanation ultimately rests on the
opportunity to compare different settings, i.e. settings that are characterized by varying
conditions and outcomes of processes. For science studies that start with the premise
that nature matters, the comparative strategy inevitably implies a need to find an
approach that enables a comparison of different natures. Secondly, if nature matters it
is still only one of several factors that explain scientists’ actions. Consequently, its
impact on actions must be integrated with social factors that affect actions into one
explanatory framework.
Thus, a methodologically sound approach to the integration of nature into sociological
explanations of science must make the impact of nature on social actions comparable
in two different dimensions: Different natures that influence actions in different
settings must be comparable to each other, and the impact of nature on human action
must be comparable to social influences on the same action. These tasks have not yet
entered the methodological discussion of science studies, let alone be solved.
Currently, comparative empirical studies of science that include nature seem to be
1

We would like to thank Renate Mayntz for her critical and helpful comments on an earlier version of
this paper.
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impossible by design. The literature is dominated by single case studies, and
‘comparisons’ are reduced to observations that it is this way in one case and a different
way in the other case. Knorr-Cetina’s book on Epistemic Cultures illustrates this point
nicely because it is explicitly aimed at a comparison of “epistemic cultures” in high
energy physics and molecular biology (Knorr-Cetina 1999). It provides detailed
descriptions of high energy physics’ and molecular biology’s epistemic cultures.
However, the methodology of comparison is questionable:
Using a comparative optics as a framework for seeing, one may look at one science
through the lens of the other. This ‘visibilizes’ the invisible; each pattern detailed in
one science serves as a sensor for identifying and mapping (equivalent, analog,
conflicting) patterns in the other. A comparative optics brings out not the essential
features of each field but differences between the fields. (Knorr-Cetina 1999: 4)

The comparison is being conducted by constructing a separate account of each
epistemic culture that uses the “optics” provided by the other field. Rather than
developing a framework that enables comparisons of both epistemic cultures in the
same dimensions, Knorr-Cetina develops one framework for describing the epistemic
culture of high energy physics and a different one for describing molecular biology.
Thus, we have two mostly idiosyncratic frameworks and descriptions. Consequently,
Knorr-Cetina is able to convincingly show that the epistemic cultures are different, but
she can neither explain why they are different, nor can she answer the question
whether (and if so, how) certain features of one epistemic culture correspond to
(different) features of the other epistemic culture.
To compare different natures or to compare natural to social influences on action
might be of minor importance for studies that aim to show how scientific knowledge is
constructed in different settings. Since every knowledge claim is unique, idiosyncratic
descriptions of knowledge production seem to be a natural outcome of such studies.
However, for studies of this type to be integrated or generalized, the idiosyncratic
descriptions of nature must be overcome, and comparable descriptions achieved. This
is of even greater importance for institutionalist studies, i.e. for studies that aim to
investigate the impact of institutions on knowledge production. Institutions are social
macrostructures that span different social settings. The impact of institutions on
scientists’ actions must be assumed to be influenced by the specific local conditions,
among them the subject matter of scientists’ work, i.e. nature. Therefore, studies of
institutional influences of scientists’ action have two options: They can either try to
ignore the content of scientific work and the specifity of local settings (as the old
sociology of science did) or they can address the problems of comparing natures.
We have had to address these methodological problems in our institutionalist research
projects because it is impossible to provide valid accounts of institutional impacts on
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science without explicit reference to all other influences on scientists’ actions. The aim
of our paper is to propose an approach that enables comparative empirical influences.
Developing an own approach is a quite ambitious undertaking, but we will argue that
we had no choice because of the traditionally awkward handling of this problem by the
sociology of science (2). Currently, we are left with a rather clear description of the
underlying methodological problem and two prominent solutions that don’t support
comparative research (3). Our own proposal rests on the idea of introducing epistemic
(among them natural) conditions of action (4). We will use examples from our own
empirical studies to illustrate our approach (5). As a conclusion, we will discuss the
limitations of our approach and whether they can be overcome (6).

2 The Sociology of Science’s struggle with nature
Sociology of Science didn’t have any problems with nature unless it turned to the study
of scientific practice in the seventies. Before that turn, the sociology of science had
focused on the macro-level, i.e. on the social structure of scientific communities. The
production of knowledge in laboratories and scientific discourses was black-boxed
(Whitley 1972; Woolgar 1988: 39-41; Knorr-Cetina 1995: 140-141). Assumptions about
the inside of the black box, i.e. about what scientists do when they conduct research
and argue about results, were taken from rationalist philosophy of science. As a result,
scientific research was regarded as unveiling laws of nature by following a specific
rational methodology.
While nature was irrelevant for this approach, knowledge about nature was not. Kuhn
introduced the idea that scientific communities were held together and organized by a
paradigm, i.e. by knowledge, rather than by shared norms. This idea led to the question
how social order varies with the specific knowledge of different scientific communities
(Whitley 1972). Research on cognitive structures as a condition of scientific activities
investigated attributes of fields such as restrictedness (Whitley 1977; Rip 1982) or
paradigmatic maturity (Böhme et al. 1983). Weingart provided an extensive list of
cognitive structures (Weingart 1976: 33-92). The most far-reaching attempt in this
context was the project of Whitley (1984). Applying ideas from the organizational
sociology’s contingency approach, Whitley tried to link cognitive features of scientific
disciplines to the disciplines’ social organization. To describe cognitive features of
disciplines, he used the variables applied to the description of an organization’s
technology – task uncertainty and task interdependence. These variables were used in
organizational sociology to link an organization’s technology to its social structure. In
Whitley’s account, they link cognitive characteristics of scientific work to social
relations between scientists. Since he used abstract variables, Whitley could develop a

4
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comparative analysis of scientific disciplines’ cognitive characteristics. However, he
never obtained empirical data on these characteristics of scientific fields.
All the attempts to describe cognitive structures were clearly oriented towards
comparative analyses, however, none of them was empirical. No methodology was
provided that could guide empirical analyses and subsequent comparisons of scientific
fields’ cognitive structures. While this strand of the sociology of science hinted to an
important problem, all solutions offered remained ultimately speculative.
In the mid-seventies, a new sociology of scientific knowledge radically departed from
the old rationalist assumptions about science and turned scientific practice into an
object of empirical investigation. A first important step was the ‘strong programme’
proposed by Bloor (1976). It introduced a symmetry principle into the methodology of
science studies: Scientific statements that are believed to be true and those that are
believed to be false must be explained by the same kinds of causes (ibid.). Beginning
with the second half of the seventies, empirical studies of scientific practice challenged
both the restriction of traditional sociology of science to the macro-level and the blackboxing of scientific practice. Reports on practices of experimental research and
scientific discourse easily destroyed the rationalist picture that has been used as a
surrogate for empirical findings by the old sociology of science (e.g. Latour and
Woolgar [1979] 1986, Knorr-Cetina 1981; Lynch 1985; Pinch 1986; Pickering 1984,
Gilbert and Mulkay 1984).
With its empirical studies of scientific practice, the sociology of science confronted
nature’s impact on actions in science – and initially ignored it. Driven by its empirically
justified negation of the earlier position, the new mainstream of science studies
proceeded to a radical constructivist position that led directly into the philosophical
debate about realism and relativism. The sociology of scientific knowledge (SSK)
emphasized that scientists construct scientific knowledge by actions that are not
epistemologically different from everyday practice. Scientists ‘tinker’ by adopting to
local opportunities and restrictions, provide ‘cleaned up’ accounts of their research
activities in their publications, and act strategically and politically in order to let their
results dominate scientific practice of their colleagues. Driven by the will to ridicule
scientists’ and philosophers’ ‘naïve realism’ (the belief that scientists in their research
depict the laws of nature), early SSK tried to reduce explanations of scientific practice
to social factors, thus assuming a radical constructivist and relativist standpoint:
The whole field of social studies of science pioneered by Collins and several other
social realists hinges on this: nonhumans should not enter an account of why humans
come to agree what they are. (Callon and Latour 1992: 352)

While the constructivist turn lead to many philosophical discussions, there was much
less methodological discussion about the new type of empirical science studies.
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However, comments were made on one major methodological decision that later
proved to be consequential for accounts of nature. The decision that must be made
comes with the ethnographic method: To what extent must an observer understand
the specific culture in order to provide adequate descriptions and explanations? When
the ethnographic method diffused from anthropology to science studies, the question
was decided in the ‘source field’: Mainstream anthropology had agreed upon the
necessity of understanding the content of actions under investigation (Latour 1990:
146). This position was explicitly formulated by Knorr-Cetina in an article on
anthropology and ethnomethodology (Knorr-Cetina [1980] 1993: 170) and applied in
her ethnographic studies (Knorr-Cetina 1981: 31, note 64). It was also used in an
ethnographic analysis of theoretical physics (Merz and Knorr-Cetina 1997: 74; KnorrCetina and Merz 1997). In their investigation of ‘spoonbending’ Collins and Pinch took
a similar position by conducting a participant observation (Collins and Pinch 1982, for
a methodological discussion see Collins 1984). The same position can be assigned to
Lynch (1982, 1985) and to Traweek (1988: 9-11).
Latour and Woolgar took a diametrically opposing standpoint by stating that their
ethnographic observations of science are conducted with the perspective of an “very
naïve naïve observer” (Latour 1990: 146; see also Salk [1979] 1986: 12; Latour and
Woolgar [1979] 1986: 29-30; Woolgar 1988: 83-96). They describe their methodological
decisions as follows:
We take the apparent superiority of the members of our laboratory in technical matters
to be insignificant, in the sense that we do not regard prior cognition (or in the case of
an ex-participant, prior socialisation) as a necessary prerequisite for understanding
scientists’ work. This is similar to an anthropologist’s refusal to bow before the
knowledge of a primitive sorcerer. For us, the dangers of “going native” outweigh the
possible advantages of ease of access and rapid establishment of rapport with
participants. (Latour and Woolgar [1979] 1986: 29)

This methodological approach was criticized by Lynch (1982: 508-509) and defended
by Latour and Woolgar (1986: 278-279).2 With this exchange, the discussion about
SSK’s methodology of empirical research was closed. The methodological question as
to what extent the varying approaches affect the outcomes has not even been raised.
Owing to this lack of discussion, it cannot be said how the different methodological
standpoints affect the kinds of results produced.

2

In the context of ethnographic methodology, Latour’s and Woolgar’s position has been criticized as
“outsider myth” according to which “ only outsiders can conduct valid research on a given group;
only outsiders, it is held, possess the needed objectivity and emotional distance”. (Styles 1979: 148,
for a discussion of different approaches to observation see Hammersley and Atkinson 1995: 80-123).

6
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Beginning with the mid-eighties, some proponents of the new SSK recognized that
their accounts of the social construction of scientific knowledge remain incomplete
without a reference to the role nature plays. Two interpretive frameworks to overcome
this weakness have become prominent: Actor-Network Theory (ANT, e.g. Callon
1986, Latour 1988, Law and Callon 1988) and Pickering’s “Mangle of Practice”
(Pickering 1995). Both approaches start with the premise that nature’s influence has to
be accounted for in explanations of scientific practice, and both offer a solution to this
problem.
The central idea of ANT is symmetry – not to start with a difference between ‘nature’
and ‘society’ but to treat the observed entities as actors (or actants) depending on their
activities in the construction of knowledge.3 Consequently, not only humans but
scallops, kerosene, microbes, scientific devices, or texts – whatever is observable – can
obtain the status of an actor in this network. Thus nature is included by selecting its
bits and pieces that seem relevant to the observer and ascribing the ability of
intentional action to them. In this framework, nature gains a status equal to social
actors and social relations and is described in a sociological language. What aspect of
nature is relevant to the observer (and is therefore included into the actor-network)
depends on how the observer interprets the scientists’ actions and the processes they
deal with.
Central to the approach of Pickering (1995) is the concept of resistance and
accommodation. He introduces nature (in his account “material agency”) as a source of
emergent resistances to researcher’s goal-attainment. In order to achieve their goals,
researchers are forced to accommodate their practices to the resistances that emerge in
their practice until they reach their aims (which are subject to re-definition in the
course of accommodation). The resistance is locally and temporally emergent.
As active, intentional beings, scientists tentatively construct some new machine. They
then adopt a passive role, monitoring the performance of the machine to see whatever
capture of material agency it might effect. Symmetrically, this period of human
passivity is the period in which material agency actively manifests itself. Does the
machine perform as intended? Has an intended capture of agency been effected?
Typically the answer is no, in which case the response is another reversal of roles:
human agency is once more active in a revision of modelling vectors, followed by
another bout of human passivity and material performance, and so on. The dance of
agency, seen asymmetrically from the human end, thus takes the form of a dialectic of

3

It is impossible to give a complete and just account of ANT in this paper. A large and diverse
amount of literature on ANT has been produced, and the framework has been developed in many
different dimensions. Our account of ANT is focused (and thereby reduced) to the way nature and
its impact are accounted for.
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resistance and accommodation, where resistance denotes the failure to achieve an intended
capture of agency in practice, and accommodation an active human strategy of
response to resistance, which can include revisions to goals and intentions as well as to
the material form of the machine in question and to the human frame of gestures and
social relations that surround it. (ibid.: 21-22)

Consequently, Pickering insists that his concept of resistance is significantly different
from the notion of constraints because the latter are restrictions to human actions that
transcend time and space (ibid.: 65). It must be noted here that while Pickering’s theory
hasn’t found many followers, many observational studies’ way of describing scientific
practice is similar to his. All these studies provide detailed descriptions of scientists’
struggle with all kinds of obstacles, among them material resistances and the resistance
of theoretical objects. Examples for such descriptions are parts of Knorr-Cetina 1981,
Lynch 1985, and Merz and Knorr-Cetina 1997. The notion of ‘thin description’
introduced by Knorr-Cetina and Merz (1997) seems appropriate for describing
ethnographic observations that are reduced to this aspect of scientific practice. The
important difference between these ‘technically informed observations’ and Pickering’s
approach is that only the latter is developed into a theoretical account of how nature
affects scientists’ actions. In the other studies mentioned this aspect remains implicit.
Both ANT and ‘Mangle’ respond to the problem of including nature in sociological
accounts of scientific practice. In doing so, they offer solutions to one of the crucial
problems of science studies. In the following section, we will define the problem and
evaluate the solutions offered from the perspective of comparative research.

3 How to account for nature?
3.1

The problem: Whose accounts?

The problem both concepts try to solve has been discussed most explicitly so far in the
so-called ‘chicken debate’. The debate is named after the title Collins and Yearly gave
their critique of ANT (“Epistemological Chicken”, Collins and Yearley 1992a). It
became clear in this debate (Collins and Yearley 1992a, 1992b; Callon and Latour 1992;
Pickering 1995: 10-13) that sociological studies of scientific practice must make a
principal methodological decision: It must be decided how to treat scientists’ accounts
of the role nature plays in scientific practice. According to Collins and Yearly, there are
only two options:
1) Sociologists of science can treat all accounts of nature’s influence on scientific
practice as socially constructed and not related to nature ‘out there’. In doing so, the
sociological observer remains completely in the realm of the social.
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2) Sociologists of science can include nature’s influence on scientific practice. In this
case, part of the explanation is handed over to the scientists themselves because it is
the scientists who possess the necessary knowledge about nature. Since sociologists are
not able to assess the status of this part, they must transfer the authority of explanation
to the observed scientists.
Collins and Yearly accuse ANT of selecting the second option and, in doing so, going
back to the pre-SSK stage of naïve realism. When scientists decide what natural
influence matters, their opinion on what is a true account of nature re-enters
sociological explanations.
The critique of Collins and Yearly goes right to the heart of the matter: If an
independent impact of nature on scientific practice has to be included in sociological
explanations, how will a description of this impact be obtained? The only source that
seems to exist is the scientific knowledge that is produced and held by the very
scientists whose actions are to be explained. That is why Collins and Yearly propose to
stick to a radical constructivist, strongly relativist account. However, the first option
has not yet solved two fundamental problems. Firstly, it “fails to give a satisfactory
account of why the structure of the world should depend upon scientific consensus”.
(Sismondo 1996: 116) Such an account is, however, necessary in order to explain
technical success, i.e. the fact that at least some applications of scientific knowledge
produce the intended results (ibid.). Secondly, radical constructivism should be able to
causally reduce a scientific consensus or decision to purely sociological factors. “But in
fact no plausible such reduction has been presented, nor has even an indication been
given of how one could make such a reduction.” (ibid.)
3.2

Solutions: Sociologists’ accounts!

Callon and Latour (and later, Pickering) accept the problem posed by Collins and
Yearly but not the solutions they provide. Callon and Latour state that ANT provides a
way out of the dilemma by rejecting the ex-ante distinction between social phenomena
(the responsibility of sociologists) and natural phenomena (the responsibility of
scientists). By giving up this ex ante – distinction, they homogenize the field of
observation and thus are able to make the whole field a subject matter for sociologists.
Decisions about how social or how natural a phenomenon is are left to later scrutiny.
In other words: Callon and Latour propose sociological accounts of nature’s influences
that are independent of scientists’ accounts. The underlying assumption is that these
accounts are sufficient to explain scientific practice even when they have nothing to do
with scientists’ own accounts. Latour made this ambitious aim explicit:
The study of science and technology has been deeply modified in the last 20 years
through the use of what has been called a principle of symmetry (Bloor, 1991). Truth
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and falsity, efficiency and irrationality, profitability and waste have been treated in the
same terms instead of being partitioned in two incompatible realms. … Very quickly,
however, it appeared that the social theory that had been used to study rationality as
well as irrationality in a symmetrical fashion was deeply flawed because it had been
devised in contraposition to the world of objects. This birth defect made very difficult
the use of the resources of the social sciences to study the natural world. (Latour 1994:
791)

Characteristic examples of this approach are Callon’s description of attributes of
scallops (Callon 1986), Latour’s account of attributes of microbes (Latour 1988,
referred to “Microbe as new social actor” in the index, ibid.: 272) and the following
account of attributes of fuel:
At the start, Diesel ties the fate of his engine to that of any fuel, thinking that they
would all ignite at a very high pressure. … But then, nothing happened. Not every fuel
ignited. This ally which he had expected to be unproblematic and faithful betrayed
him. Only kerosene ignited, and then only erratically. … So what is happening? Diesel
has to shift his system of alliances. (Latour 1987: 123)

“Ally”, “faithful”, “betrayed” are clearly sociological terms that ascribe consciousness
and intentional action to fuel.
Pickering’s argument is basically the same in that he provides his own accounts of
nature’s influences. However, his accounts are not sociological but are those of
scientists who are surprised by material resistance. By limiting the description of nature
to real-time observations of scientific practice, Pickering avoids the necessity to assess
whether the scientists’ assumptions about nature (i.e. about the resistances) are true or
false. They are causes for temporally emergent accommodations to temporally
emergent resistances.
We can take material agency in science just as seriously as SSK takes human agency,
and still avoid Collins and Yearley’s dilemma, if we note that the former is temporally
emergent in practice. … Thus, if we agree that, as already stipulated, we are interested in
achieving a real-time understanding of scientific practice, then it is clear that the
scientist is in no better a position than the sociologist when it comes to material
agency. (Pickering 1995: 14)

According to Pickering, the sociological observer knows exactly as much about the
emerging resistances as do the scientists observed by him. Since the only knowledge
that matters (influences scientific practice) is the knowledge a scientist has when he or
she faces resistance, an account of temporally emergent resistance and accommodation
is sufficient to explain scientific practice.
This real-time description is the common way of ‘technically informed observation’
that is applied by most constructivist studies of science – even in those of Collins
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(1985), as Callon and Latour (1992: 354-355) have argued. As Sismondo has shown,
this kind of observation can be constructivist and simultaneously assume an
independent influence of nature at the same time (Sismondo 1993). Pickering adds to
this real-time description an abstract framework in which he describes scientists’
coping with natural influences (“material agency”) in terms of ‘modelling’, ‘resistance’,
and ‘accommodation’. This framework is his own account of natural influences that is
independent of scientists’ accounts.
Both Callon’s and Latour’s rejoinder to Collins and Yearley and the later proposal of
Pickering are correct in that they introduce a third option not seen by Collins and
Yearley: Beside the alternative of either using scientists’ accounts of nature (and thus
believing them) or treating them as a collective belief (and thus ignoring nature), there
is the option for sociological observers of science to construct their own accounts of
nature.
3.3

Incomparable natures

Both the third option (developing an own account of nature) and the concrete solutions offered by the ‘Mangle’ and ANT are yet to be assessed in terms of how they
support comparative research. We will leave aside here all criticisms of ANT and
‘Mangle’ that address philosophical problems and discuss both approaches only with
regard to our methodological question: Do these accounts make nature’s influence
comparable with both other natures and social influences?
The answer is somehow disturbing. While both approaches do include natural influences, neither of them is able to overcome the idiosyncracies of the scientific practices
under observation. Pickering’s approach leaves us with the choice between the realtime description of emergent resistances and researchers’ accommodation, on the one
hand, and the highly abstract but very poor general language of describing nature’s influences, a language that consists mainly of the words resistance and accommodation.
The focus on emergent resistances reduces the account of nature to the unanticipated
and not yet discovered impact.4 It is consistent with this approach that Pickering
rejects the possibility of finding general patterns that provide explanations:
We just have to find out, in practice, by passing through the mangle, how the next
capture of material agency is to be made and what it will look like. Captures and their

4

Another problematic point is Pickering’s assumption that in real-time observations sociologists are in
the same position as the observed scientists when it comes to material agency. When scientists make
sense of material resistance, they draw on their whole knowledge (including tacit knowledge) – a
resource not available to the sociological observer. The observer is limited by what scientists are able
and willing to communicate.
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properties in this sense just happen. This is my basic sense of emergence, a sense of
brute chance, happening in time – and it is offensive to some deeply ingrained patterns
of thought. The latter look for explanations – and the closer to the causal, mechanical
explanations of classical physics the better – while it seems to me that in the analysis of
real-time practice, in certain respects at least, none can be given. … The world of the
mangle lacks the comforting causality of traditional physics or engineering, or of
sociology for that matter, with its traditional repertoire of enduring causes (interests)
and constraints. I must add though, that in my analysis brute contingency is
constitutively interwoven into a pattern that we can grasp and understand, and which,
as far as I am concerned does explain what is going on. That explanation is what my
analysis of goal formation as modelling, the dance of agency, and the dialectic of
resistance and accommodation is intended to accomplish. The pattern repeats itself
endlessly, but the substance of resistance and accommodation continually emerges
unpredictably within it. (Pickering 1995: 24)

Pickering distinguishes here between the level of the concrete, single research process
(that cannot be explained but “just happens”, see also ibid.: 206-207) and the general
pattern of resistance and accommodation – a pattern, however, that doesn’t explain
anything but gives only a highly abstract description. This approach is consistent with
Pickering’s rejection of constraints and his insistence on the incommensurability of
different research situations (ibid.: 186-192). Thus, the ‘Mangle of Practice’ is not
designed for comparing natures (see also Gingras 1997: 330-331).
Similarly, it is impossible to integrate the natural influences (resistances) in a
sociological account of scientists’ actions within the framework of the ‘mangle’. Of
course, the descriptions of researchers’ actions include manifold actor constellations,
interactions, resource provision, organisational factors etc. Thus, the reconstruction of
research processes convincingly shows how the intertwining of natural and social
influences lead to the specific outcome of knowledge production. It is not possible,
however, to go beyond this idiosyncratic description and to look for general patterns of
such an intertwining. This would require a level of abstraction between the idiosyncratic
descriptions of research processes and the highly abstract but therefore almost empty
mangle. Knorr-Cetina and Merz have made this point:
We do not agree with Pickering’s attempt to subsume the different ontologies and
dynamics of practice under such general headings as ‘resistance and accomodation’.
While such a general vocabulary may capture the idiosyncratic trail of a single
scientist’s negotiation of an innovation (upon which no other analytic can perhaps be
worked), it does not address established schemes of resistance configuration and
elicitation, of object and subject formation, and so on. In other words, it does not
address the different ontological and performative orderings routinely producing and
embodying practice. (Knorr-Cetina and Merz 1997:129)

12
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ANT differs from the ‘mangle’ significantly in that it makes it possible to apply the rich
sociological language to nature – a language that is even enriched significantly by the
authors of ANT.
All the shifts in vocabulary like ‘actant’ instead of ‘actor’, ‘actor network’ instead of
‘social relations’, ‘translation’ instead of ‘interaction’, ‘negotiation’ instead of
‘discovery’, ‘immutable mobiles’ and ‘inscriptions’ instead of ‘proof’ and ‘data’,
‘delegation’ instead of ‘social roles’) are derided because they are hybrid terms that blur
the distinction beween the really social and human-centered terms and the really
natural and object-centered repertoires. (Callon and Latour 1992: 347)

However, this enrichment does not change the language’s basic property of being
sociological. As the examples given in section 3.2 clearly show, Callon and Latour
cannot avoid the language of intentional actions and social relations. Even the “new
vocabulary” is intrinsically sociological in that it still refers to acting entities, actions,
relations between acting entities and non-acting entities.
The specifically sociological way ANT accounts for nature’s influences on scientific
research seems to be related to the methodological decision for naïve observation, a
decision that makes it necessary to describe science “without resorting to any of the
terms of the tribe” (Latour 1988: 8-9). An observer who refuses to learn the natives’
culture is left with only one description language and explanatory framework for all he
observes, namely the language of a sociological observer. This leads into problems
whenever parts of the object under study cannot be explained in the observer’s
language (Lynch 1982). ANT can thus be seen as the offshoot of the methodological
decision described in section 2: By taking (and conserving) the position of a naïve
observer, a sociological observer who must account for nature’s influences has no
choice but to describe them in a sociological language and framework.
The sociological description of nature’s influences pre-defines all observable
phenomena as something sufficiently explainable by sociological observers in a
sociological language. However, there is a price to pay for the achieved sovereignty
about nature. This price is, again, idiosyncracy. Neither can different Actor-Networks
be compared to each other beyond a comparison of their successes, nor can the
relative strength of human and non-human actors be weighted and their impact
synthesized. Both deficiencies become most visible in a comparison Latour has tried
himself: the analysis of Pasteur’s success over Pouchet (Latour 1987: 84, 1989).
Pouchet replicated some of Pasteur’s experiments in order to show that, contrary to
Pasteur’s account, there is something like ‘spontaneous generation’. Pouchet actually
observed microbes growing in media that had been sterilized according to Pasteur’s
instructions, i.e. microbes that behave against Pasteur’s predictions. Latour concludes
that non-human “allies” (again a sociological term) have to be included into the list of
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both Pouchet’s and Pasteur’s allies. The final list of allies (at the time when the dispute
is being settled) looks as follows (Figure 1).
The lists of human and non-human allies make it obvious why Pasteur won. However,
it seems impossible to compare the non-human and human allies’ contribution to the
victory. We are again left with the two options of idiosyncrasy and abstractness. On the
level of the process under investigation, the contributions made by Pasteur’s nonhuman allies are described in great detail, and a convincing reconstruction of the
process is given in the language of ANT. However, the description is given in a way
that makes it impossible to compare content and strength of these contributions. We
can neither compare them to the contributions of human allies in the same network,
nor can we compare them to the contributions of non-humans in a different ActorNetwork. On a more general level, we are left with the information that one ActorNetwork succeeded and another failed, but without a tool of comparing successful or
failing Actor-Networks. Consequently, the question where the (similar or dissimilar)
non-human actors in all the laboratories come from cannot be answered.
Pouchet’s allies

Pasteur’s allies

no supporter
accused of atheism
provincial
abstracts only
protocols

supporters
academy
in Paris
full articles
good protocols

--------------------ill equipped
ferments after
sterilization
etc.

------------------well equipped
no ferments after
more heat
etc.

human

No dichotomy

non-human

Symmetric treatment: all the allies are listed, no matter how
long and heterogeneous the list

Figure 1 Latour’s list of heterogeneous allies (Latour 1989: 109)

Thus, both approaches (ANT and ‘mangle’) provide the methodological imperative
that nature must be included in analyses of scientific practice. Moreover, both
approaches provide us with means for describing these influences in a language
available to sociological observers. However, neither of them supports a comparative
approach to the analyses of research processes that include different natural influences
and to the integration of natural and social causes into comparative studies.
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4 Linkage variables between epistemic and social conditions of action
4.1

Epistemic conditions of action

Our own approach emerged as we felt it necessary to include nature and knowledge
about it in institutionalist studies of science. We call our studies ‘institutionalist’ because of their focus: With these studies, we try to investigate the impact of institutions
on knowledge production. This is a principal difference to the constructivist studies’
attempt of explaining how scientific knowledge is produced in scientific practice.
Institutionalist studies focus on one type of factors – institutions – and treat other
influences on knowledge production as intervening variables. As we already mentioned
in the introduction, a comparative design is frequently applied in institutionalist studies
because institutions are macrostructures that span many situations.
When we tried to compare institutional influences on scientists’ actions in different
fields we soon recognized that it is impossible to account for field-specific effects of
institutions without reference to the different contents of scientific work. Since neither
institutionalist methodology nor any methodology of science studies provided support
for a comparative empirical approach, we had to find our own solution.
Our methodology differs from revolutionary approaches like ‘Mangle’ and ANT in that
it is rather traditional and mundane. We turned to theory of action because it is the
background of institutionalist approaches. Theory of action suggests treating nature’s
influences as conditions of action that overlap with other conditions of action, among
them institutions. The opportunity to do so is provided by the new institutionalism that
has been developed in several social science disciplines, but is progressing only slowly in
sociology of science. One of the central ideas of the new institutionalism that is important for its application to science is that it regards institutions as only one of several heterogeneous factors that affect human action. Other factors that overlap and may counteract institutional influences are actors’ goals, interests and perceptions, conflicting institutions, other social conditions of action and non-social conditions of action. However, institutionalist studies are liable to at least one weakness of the old institutionalism
– the neglect of scientific practice and the non-social factors that affect this practice because of their inherent macroscopic orientation (Gläser and Laudel 1996).
Backed by the idea of overlapping, possibly non-social conditions of action we
introduced a new type of conditions of action in our analytical framework, namely
epistemic conditions of action (Gläser and Laudel 1996, 1999).5 We started with the pre5

We have been struggling with the question of how to term these specific conditions of action for a
long time. Our current solution ‘epistemic conditions of action’ is inspired by Rheinberger’s concept
of ‘epistemic things (Rheinberger 1997). It is intended to emphasize conditions produced by the
‘technology’ (materials, means, and practices) of creating new knowledge.
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SSK idea of cognitive structures because it provided a comparative approach. Two
major shortcomings of this idea were that it (a) was limited to contents and properties
of knowledge and (b) was not linked to a methodology of those structures’ empirical
identification. Therefore, we started with open frameworks that allowed new cognitive
structures to be included (among them influences of nature and of instruments)
whenever they surfaced in our empirical data (mainly transcripts of qualitative
interviews). As a result of this approach (first applied in Laudel 1999), we were
confronted with long and rapidly growing lists of cognitive structures (ibid.: 221-222).
Moreover, we faced exactly the type of idiosyncracies that prevent comparisons of
scientists’ practices within the ANT and ‘mangle’ approaches. While we were able to
identify epistemic conditions of actions, we couldn’t compare them.

Epistemic conditions of action
(constraining and enabling
research actions)

Persistent: general, transsituational influences produced
by nature, knowledge, and
instruments

Situationally emergent:
unique combination of
persistent conditions and
unanticipated effects

Figure 2: Emergent and persistent epistemic conditions of action

This ‘emergent resistance’ triggered our search for general properties of knowledge,
instruments and nature that affect human actions. These general properties could be
defined as constraints if they were not as enabling as they are restraining in their influence. We assume that they exist even if the terminology might need some refinement.6
Thus, contrary to Pickering we regard temporally emergent resistances as resulting
from an overlap of two different types of epistemic conditions of action (Figure 2):
Firstly, in every research process general (i.e. trans-situational) conditions of action are
combined in a very unique way. This is so because the part of nature that is addressed,
the instruments and the knowledge of the scientists involved provide a setting that

6

As Gingras (1997: 324) has argued, arguments for the existence of trans-situational (in this case
“time-invariant”) structures that affect scientific practice can be found even in Pickering’s
descriptions of scientific practice (Pickering 1995: 109).
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cannot be replicated.7 Secondly, this unique combination overlaps with effects from
unanticipated reactions of nature and instruments to scientists’ actions.
We regard epistemic conditions of action as non-social in the sense that they provide
an ‘objective reality’ that cannot be wished away (Sismondo 1993). Only in this sense
both knowledge and instruments, albeit products of human and therefore social
construction processes, can be regarded as non-social. In the words of Berger and
Luckmann (1967: 57): "The paradox is that man is capable of producing a world that
he then experiences as something other than a human product." There are two more
arguments for treating all three types of factors (nature, knowledge, and instruments)
analytically as non-social: They can affect the success of the production of scientific
knowledge directly, i.e. without mediation by other actors, and the morphology of
these factors cannot be explained exclusively by social factors.
With these considerations, we began to compile a list of general epistemic conditions
of action that are sociological relevant because they are likely to affect scientists’
actions (figure 3). Nature is one source of such epistemic conditions of action. The
most important conditions it provides are the research objects’ unknown attributes.
These unknown attributes partly constitute the research’s subject matter, that is they
must be ‘produced’ in empirical research and theoretically reconstructed. Because they
are unknown, these attributes cause emergent resistances (Pickering 1995), respectively,
anomalies in research processes (Star and Gerson 1987). In addition to the specific
attributes that are investigated by the researcher, research objects have general
attributes that influence conditions of action. In our investigations, a research object’s
complexity and its internal dynamics have played a role. A research object’s dynamics
influence the time needed for research processes. For example, some elementary
particles exist for only fractions of a second, some micro-organisms reproduce
themselves in about 20 minutes, and a cloned sheep needs several months to grow.
As we have stated above, knowledge may appear as hard in human action as does a
material object. For example, the structures of mathematical theory restrict researchers’
choices between mathematical techniques not only in mathematics (Pickering and
Stephanides 1992) but also in theoretical physics (Merz and Knorr-Cetina 1997). Of
equal importance are epistemic conditions of action that are produced by general
attributes of knowledge. Important examples that have been discussed in the literature
so far are the structure of theories, the degree of codification of knowledge, and
7

Since this is rather obvious we provide only two short arguments: The replication of experiments
occurs only seldom (Collins 1982), and even when it occurs the original situation is not replicated
because knowledge about its outcome is part of the replication. Furthermore, every scientist
possesses an individual combination of scientific knowledge (including tacit knowledge) that cannot
be replicated.
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interdisciplinarity or, more generally, the variety of different knowledge systems that
must be integrated in the course of a research process. These epistemic conditions of
action were already used to describe scientific fields twenty years ago. They are the
legacy of pre-SSK approaches to ‘cognitive structures’.
The third source of epistemic conditions of action is the instruments used by scientists.
Instruments can be understood as a synthesis of the two original sources in that they
are purposefully constructed by processing parts of nature and simultaneously using
the current (incomplete) knowledge about nature. One important characteristic of
instruments is their range of applicability. Depending on the effects built into an
instrument, the method that is based upon that instrument can be applied to a
narrower or wider range of different objects. For example, electron microscopy is
successfully used in biology, physics and chemistry because the interaction of electrons
with matter that is built into the instrument applies to many research objects. Other
methods, such as immunoassays, are very specific because they can only be used to
identify one substance.
Epistemic Conditions of Action Produced by

KNOWLEDGE
content of
knowledge
* mathematical structures
* ...

general attributes of
knowledge
* structure of theories
* degree of codification
* interdisciplinarity
* ...

INSTRUMENTS
* range of applicability
* ...

research objects
* unknown attributes
* complexity
* dynamics (of growth,
reproduction etc.)
* ...

NATURE

Figure 3 Sources of epistemic conditions of action
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The concept of epistemic (and among them, natural) conditions of action is similar to
ANT and ‘mangle’ in that it uses the same option of accounting for nature: It escapes
the apparent alternative between ignoring or believing scientists’ accounts of nature by
developing a sociological description language. However, the chosen framework – new
institutionalism and action theory – leads to a different kind of language. The emphasis
laid on comparison led to a language that is too abstract to give a detailed account of
how knowledge is produced in a specific situation. However, applying this level of
abstraction makes it possible to compare research processes.
Apart from the level of abstraction, the concept of epistemic conditions of action
differs from both approaches discussed above in some crucial points. The main
difference to Pickerings ‘ Mangel of practice’ is that epistemic conditions of action do
not reduce nature’s influence to temporally emergent phenomena. As Gingras (1997)
has shown, one is not forced to chose between eternal, immovable boundaries and
emergent phenomena. Epistemic conditions of action include both situationally
emergent conditions and general, trans-situational influences produced by materiality,
knowledge and instruments. Thus, in comparing researchers’ situations and actions,
certain epistemic conditions of action can be assumed as being equal in the situations
that are to be compared, while others vary.
The differences between a concept of conditions of action and ANT are obvious: With
‘classical’ action theory, symmetry is given up and intentional action is preserved for
human actors. What is conceptualized as non-human actors in the framework of ANT
is ‘downgraded’ by us to conditions of human actors’ actions and is described in a
language that is specific to that type of conditions. Symmetry enters on a lower level:
Epistemic conditions of action are neither superior nor inferior to other conditions.
How strongly epistemic and other conditions of action shape the course of action is an
empirical question about which no ex ante – decisions can be made.
4.2

Linkage variables

The proposed language of epistemic conditions of actions seems to provide a solution
to the problem of comparing different natures. While it is rather difficult to compare
resistances provided by a bioassay and an electron microscope (‘Mangle’), or the
intention of these two instruments (ANT), they certainly can be compared with regard
to the spectrum of objects (and therefore research problems) they can be applied to.
Admittedly, comparisons are still difficult, especially when small variations are to be
assessed. But the analysis of epistemic conditions of actions provides at least
dimensions of comparison that can be applied to all research processes and enables
significant differences to be identified.
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While some progress has been made concerning the comparison of natures, it seems
doubtful that introducing specifically epistemic conditions of action can solve the
second problem of comparison – the comparison of natural and social influences. It
seems as difficult to compare the influence of a high degree of knowledge codification
with that of a powerful actor, as it would be to compare the intentions and strength of
scallops with that of marine biologists.
The reason for this enduring difficulty is that while the problem of comparing natures
can at least partly be solved by abstraction, the comparison of natural and social
influences is possible only if both types of influences are described in the same
language. That is why the solution provided by ANT is so seductive: With its symmetry
principle, all causal influences are described in the same (the sociological) language.
However, as we have demonstrated, the unified language is a necessary but not a
sufficient condition for comparison. Additionally, a theoretical framework is needed
that provides grounds for assessing and integrating the different causes. Unless the
proponents of ANT provide a true theory, i.e. a general theory that allows such
integration, ANT remains a powerless language.
An approach based on the concept of epistemic conditions of action is in a better
situation concerning the theoretical background because all of the good old
sociological theories can be used as long as they are based on a concept of social
action. However, epistemic conditions of actions are described in a non-sociological
language that refers to phenomena outside the social realm.
There is one comparative sociological approach that has encountered this problem
before: In the context of organisational sociology’s contingency approach, relations
between organisational technology and organisational structure have been investigated.
In order to study this relation, an independent description of organisational technology
had to be achieved. Technologies in organisations were described by variables such as
complexity, task uncertainty (variability), task interdependence, etc. (Burns and Stalker
1961; Woodward 1965; Thompson 1967; Perrow 1967) By applying these variables,
organisational sociology was able to compare technologies across organisations.
Because the contingency approach was a quantitative one, the synthesis of
technological and social variables was also unproblematic – the unifying language of
mathematics could be used.
Empirical studies of organizational technology operationalised the concepts mentioned
above by formulating questions about work processes, i.e. human actions. In doing so,
they addressed the level on which social and non-social conditions mix. This strategy
was enforced by the quantitative approach, which is restrained to fixed-choice
questions. Its main shortcoming is that no independent analysis of technology is
possible. Analyses of technology must be reduced to respondents’ characterization
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about their work practice. This restriction is severe because technology cannot be
analyzed independently of respondents’ perceptions. An independent analysis would
require interviews about and observations of the tools and machines applied, toolspecific or material-specific practices; and it would require collecting information about
technologies from technical descriptions. Nothing of this can be done in a quantitative
study (for a discussion of these problems see Perrow 1979: 164-166).
Contrary to the contingency approach we think it necessary to distinguish between the
two levels of analysis constituted by the epistemic conditions of action and by the
practices of scientific work. To establish relations between both levels requires a
translation of epistemic conditions of action into factors affecting human action.8 Our
search for such a translation began with the question what aspects of research actions
can be affected by epistemic conditions. This question led to the following list of
general attributes of actions:
- they take time;
- they use resources;
- they are conducted to achieve a goal (i.e. an anticipated situation);
- they are more or less successful with regard to goal attainment;
- they are linked to other actions of the same and of other actors.
These basic attributes of an action are part of the sociological analysis of actions. At
the same time, they provide the ‘channels of influence’ for epistemic conditions of
actions and thus for nature. Since these attributes provide the ‘channels of influence’
for social conditions of actions, too, the different kinds of influences can be treated
symmetrically and can be integrated on that level. For the purpose of a sociological
explanation of action, the ‘channels of influence’ can be described by ‘linkage
variables’. The following linkage variables have been proven useful in our comparative
institutional projects:
- ‘Eigentime’ of research processes: influences on time characteristics of research
processes caused by the dynamics of research objects or methods (e.g. speed of
growth, frequency of occurrence of phenomena);
- ‘resource demands’: quantity and quality of resources that are required to achieve a
certain goal;
- ‘epistemic room of maneuver’: Research actions that are possible with the objects
and methods available;
- ‘risk of failure’: the probability of a research project leading not to the intended
results; and

8

We apply the traditional meaning of the concept ‘translation’, i.e. “a rendering of something into
another language or into one’s own language from another” (Webster’s dictionary).
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- ‘relations to other actors’: relations to other researchers as well as to individual and
collective actors outside science that are mediated to the segment of nature
addressed by the research.
Some of these variables are similar to variables used by the contingency approach. An
important difference is that our linkage variables are not intended to be quantifiable.
They have only nominal (in some cases ordinal) scales. ‘Risk of failure’ is a variable that
describes the research process as a whole rather than one of its attributes. However,
general concepts such as ‘task uncertainty’ are not suitable because research is nonroutine work. It is important to single out the possibility that a research process might
fail completely.

5 Applications
5.1

Impact of funding programs on scientific work9

In 1994 the Deutsche Forschungsgemeinschaft (DFG), Germany’s most important
funding agency for university research, set up a specific funding program for East
German universities’ research. The aim of the program was to overcome specific
problems that emerged in the restructuring of East German universities following
German unification. Scarcity of resources in East Germany and the simultaneous filling
of thousands of positions at universities hindered the development of universities’
research profiles. Additionally it was feared that with the transfer of West German
university structures their deficiencies were being transferred, too. The main deficiency
of these structures that should be fought from the beginning is their suppression of
interdisciplinary collaboration.
The program offered funding to networks of five to ten university research groups that
provided a joint research theme and proposals for collaborative research. The external
funding was supposed to provide an initial boost for the network that leads to an
autocatalytic development of continued interdisciplinary research and attraction of
external funding. The initial funding period was 3 years, with an option of two more
years of funding after the network passed a second peer review. A total of 21 networks
was funded between 1994 and 2001, the program’s budget was ca. 60 million Euro.
The funding decisions were based on the elaborate system of peer review that is
applied by the DFG in funding collaborative research centers (Laudel 1999). A group
of ca 10 scientists reviewed a network’s proposal (including proposals for all projects
of the network), discussed it with the applying scientists and made a decision

9

This example is based on Laudel and Valerius (2001).
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afterwards in a closed session. The main scientific criteria for the evaluation were
scientific quality of the proposal and the individual projects; coherence of the proposal
(degree of integration of the contributing fields); applicants’ competence; and quality
and significance of the planned collaborations. Owing to the political aim of promoting
the development of university research profiles, the importance of the network for the
university’s research profile and the university’s contribution to the network’s
resources were included in the assessment.
While the list of evaluation criteria was not surprising, the DFG and its reviewers
modified the application of these criteria in the light of the special situation of East
German university research. Many members of applying networks had taken their
positions only recently. They didn’t know each other well and had no record of
collaborative work. Thus the situation at East German universities was perceived as
‘pioneering’. The reviewers had to compromise because the funding program should
help to build what is usually a prerequisite for funding.
The solution to this problem was that while there was little compromise with regard to
applicants’ general track record and to projects’ quality, other criteria were applied less
rigidly. Thus, several proposals were accepted that would have been regarded as too
risky under normal conditions because of the unusual interdisciplinary collaborations
planned or because applicants had no prior publications in the field for which they
applied.10
One of the networks tried to establish a new area of research that hasn’t as yet been
well developed in Germany. This proposal met the expectations of the DFG and its
reviewers, with regard to both the university’s profile and the German research
landscape. However, the start from scratch was both risky and time-consuming. It was
risky insofar as the initial thematic coherence of the collaborators was low, as was
recognized and criticized by the reviewers. The network’s dynamics were affected by
the fact that development of the new research area required the establishment of a new
method that used genetically modified animals. To ‘construct’ and breed these animals
is a process with a longer Eigentime. The process is also risky because first attempts
may fail and because you cannot tell in advance what the phenotype of transgenic
animals will be like.
Well, I didn’t think all criticisms were fully justified because we could neither predict
nor guarantee what animals will occur and how we would further treat these animals. I
mean, if they had shown a certain phenotype we would have jumped at it and
characterized in more detail. … But we couldn’t make a concrete plan, couldn’t work

10

Peer review is known for promoting low-risk mainstream research (Chubin and Hackett 1990;
Neidhardt 1988, Travis and Collins 1991).
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on a hypothesis in this respect. … or it was basically … and it was perhaps our fault
that we couldn’t get this message across to the reviewers, that there is a part we simply
can say nothing about.

The Eigentime (and the time needed for publication, which must be added in this case)
collided with the institutionally defined funding periods, a contradiction that surfaced
in the intermediate peer review after three years.
It simply took more time. [The methods] take their time … [The reviewers] had liked
hard results or publications … Because it hadn’t been published, i.e. it had not been
accepted by the scientific community, they didn’t believe us. We could project nice
data at the wall with slides. They didn’t want to accept it. Thus they would accept only
a paper and this will come - it isn’t out even now. … Thus, even now we don’t have
the paper out because simply too many things must be checked. It is necessary to
check things, to secure them twice. All that hadn’t happen.

In the peer review after three years, the reviewers registered progress with regard to the
network’s coherence but still criticized it. Moreover, the network hadn’t invited guest
scientists in the first three years in spite of the planning (which was part of the
proposal). The reason for this was the same: The guests whose visit was intended were
supposed to work with the new method, and since this method hadn’t been established
within the initial three years, it made no sense to invite anybody. However, the network
managed to conduct a workshop that was attended by the international elite of the
field.
The peer review was affected by the fact that establishing a new field implied that the
researchers had no peers in Germany. Thus, their subject matter affected another of
our linkage variables by creating special relations to colleagues in the German research
system. The reviewers had limited expertise in the field under discussion because the
field was new to Germany.
We [meaning Germany] really lack competent research on transgenic animals […] And
this is generally seen as a deficiency, but unfortunately the scene is at odds with itself
very much, as far as it exists anyway.

Since the reviewers felt unable to judge the preliminary results presented to them, they
had to rely on the quality control by the international scientific community, an
assessment that had not taken place when the decision was to be made. This was
particularly unfortunate because some important and surprising data had been
produced:
We … experienced a big surprise. And this turned out only in the end of the first
funding period. Unfortunately, this big surprise wasn’t enough to convince the jury to
continue because they didn’t believe us. They said: “This cannot be!” One reviewer
explicitly said he doesn’t believe that this has been overlooked for such a long time.
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Figure 4 Dynamics of collaborations in the network that failed

The reviewers were critical to an extent that led to the canceling of funding. The
network decided to continue its work, albeit with significantly reduced resources
because it was limited to the recurrent funding that is rather small in Germany and
especially in East Germany. The scientists didn’t apply for other external funding
because they felt they couldn’t overcome the problems of peer review.
We were unlucky in that we had nothing because we hadn’t the animals yet. Without
prior results … you don’t get a proposal through.

Both the analysis of collaborations and a retrospective publication and citation analysis
confirmed the conflict between Eigentime and funding time (figure 4). Starting with an
initially low degree of connectedness, the network had developed a dense network of
collaborations, albeit with few collaborations that led to co-authorships. As was to be
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expected from our discussion, most co-authorships occurred after the funding was
cancelled. These co-authorships belong to publications in high-impact journals. Given
the time characteristics of the work and of the publication process, the picture
confirms that the funding period (with an intermediate review after three years) did not
match the research process’s Eigentime.
5.2

Institutional pressure on basic research11

The second example stems from an investigation of how East German non-university
basic research reacted to changing institutional conditions after German unification.
The institutional system of the German Democratic Republic (GDR) featured
complete hierarchical governance, with both institutes and scientists having little
formal autonomy. Through this hierarchy strong pressure was exerted to link research
to industry, resulting in a functional integration of basic and applied research (Gläser
and Meske 1996). Following unification, public-sector basic research became part of
the institutional system of the Federal Republic of Germany, which provides many
institutes and scientists with significant formal autonomy. It was therefore expected
that East German basic research would abandon the previously enforced application
orientation and take advantage of the wider possibilities now available to follow
internal stimuli independently of possible links to applications. This hypothesis was
tested and must be rejected for several reasons (Gläser 1998). The institutional
pressures were complex and counteracted by both epistemic conditions of actions and
‘microclimates of autonomy’, as the following example demonstrates.
One of the research institutes under investigation was a successor of an institute of
GDR’s Academy of Sciences (AoS) devoted to nuclear research. This institute hosted
both basic and applied research. Basic research was shielded from institutional pressure
towards ‘useful’ research because the hierarchy had defined part of the institute’s
mission as basic research. The institute split its resources and devoted a share of them
to applied research. Because of this practice, the institute as a whole could always meet
research policy’s expectations, and basic research could be conducted with the
remaining resources. One basic research program conducted in the institute was
nuclear physics:
You know, the nuclear physics did basic research. In nuclear physics one does nothing
than basic research, therefore, we had basic research.
***

11

This example is based on Gläser (1998).
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I mean, the question really is: what happens, if nuclear material is heated and
compressed to different temperatures and different densities? How does the nuclear
material behave? What new particles are produced within the nuclear material? How
does the mechanism of outbreak work? Because all the stuff flies apart thereafter,
when it has reached the highest density and temperature. Then the whole system
expands again. And the question is: what happens when these parts of the nucleus –
say neutron, proton, ion, kaon and so forth – what is happening when this stuff flies
apart again? When … the nuclear material expands again.

This strand of experimental nuclear physics depends on big research devices
(accelerators and detectors attached to them) because nuclear material must be heated
and compressed, and the traces of the particles must be recorded. Thus, the attributes
of the subject matter studied cause an especially high resource demand. These
resources are provided in only few places. Researchers in the field of nuclear physics
either have direct access (by working in an organization that has this equipment), or
they are integrated in collaborations by building detectors and contributing to the
analyses of the data obtained by these detectors. This kind of research has a long
Eigentime because of the extensive design and construction work involved.
After the institute was founded, an accelerator was built that was state of the art at the
time of the investment (i.e. in the fifties and sixties). Thus, researchers were able to
conduct experiments at that time. However, their international collaboration was
severely limited. While scientists could collaborate with the big science center of the
USSR in Dubna, GDR’s communist party and government for financial and political
reasons suppressed participation in collaborations with western scientists. Therefore,
the epistemic room of maneuver for most experimental researchers in the institute
(and for theorists who worked with experimental data) was determined by the
institute’s equipment.
Owing to the priority of applied research and to the generally scarce resources for
research in the GDR, the big devices were never renewed or replaced. The
experimental conditions that could be produced at the institute remained basically the
same. While their colleagues all over the world received new equipment and moved on
after the most important problems of these experimental settings had been solved, the
researchers in the AoS’s institute were tied to the experimental conditions produced by
the old equipment. Therefore the researchers’ epistemic room of maneuver was
continuously shrinking.
Yes, well, we were really muddling through in the last phase, so to speak. We were
looking for niches and experiments that were left out by other people, where we said: it
would pay to conduct a measurement. But it was increasingly the case that, when we
wrote up the results and compared them with the international literature, we said
”Well, these people could do it better, our contribution is really very modest”. And in
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the end we barely managed that the core journal in our field took our contributions.
But this was getting more and more difficult. That is why about one year before the
change, when nobody expected things to change, we conducted a big study and
reviewed all the literature in order to find things we could do. But to be honest, it was
also the case that nobody wanted to cut of his own branch. That means, if one had said
“ I can do absolutely nothing – I clearly admit it” this would have led into problems.

Thus, in the second half of the eighties researchers had to look for problems that
hadn’t been solved yet and could be investigated with the old equipment they were left
with. Some of the researchers could work at the facilities in Dubna, and for very few of
them the second half of the eighties brought the opportunity to work in Scandinavian
countries. Most of the researchers, however, had to find research themes in a rapidly
shrinking epistemic room of maneuver.
With the breakdown of the wall in 1989, political barriers to international
collaborations disappeared. While the limitation to the scientists’ epistemic room of
maneuver produced by the institute’s equipment remained, their epistemic room of
maneuver was significantly widened by the opportunities to participate in international
collaborations. The scientists began to integrate themselves systematically into various
collaborations in West Germany, a process that was supported by the West German
government.
That means that we very swiftly tried to exploit what is available in Germany. And we
had been integrated very, very well by our colleagues who of course knew us all from
our publications. We knew about each other, but we by and large didn’t meet each
other because not all of us might travel, or only very, very few might travel, and it was
impossible to conduct substantive work on that basis. After the ‘Wende’ we have
abandoned the work at the cyclotron here and from than on we have conducted our
experiments exclusively at external big devices.

In this phase, some scientists began a new research program by getting involved in
(and becoming committed to) long-term collaborations whose Eigentime and the
funding tied to them in turn narrowed the epistemic room of maneuver.
At the time when we re-oriented ourselves we have been very free. […] Well, but it is
of course as follows: When one has made a decision about a new direction or about a
new project, then one must stick to it for many years. Especially in our case it is as
follows: We are building a big spectrometer and it takes many years till it is completed.
And when one has begun the collaboration and has accepted certain tasks – in this
collaboration it is approximately 50 to 60 people, it is five universities and institutes
that collaborate – one cannot leave. In this respect there is no freedom anymore, but
you can only work focusedly and hard. And another aspect is, of course, that a lot of
money goes into it as times go by. We have already received money from the BMBF
[the Federal Ministry for Education, Science, Research and Technology] during two
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funding periods, and a lot of money, and we have invested it in building this device.
And thereafter, it will be used for measurements many years. However, this phase
hasn’t come yet. We are already conducting measurements, but they are not the final
ones and the device is being continuously completed, and naturally we want to harvest
the fruits of this labor. In this respect, we don’t have the freedom to leave now.

The collaborative work with West German colleagues and with scientists from other
western countries made it possible for the institute’s researchers to conduct high
quality work. When the institute was evaluated two years later, the successful search for
niches and the few international collaborations in the second half of the 80ies, the
recent collaborative work and the involvement in long-term collaborations added up to
a good record. It was recommended to continue the work in a new institute.12
What happened at our place … after 89 all our people swarmed. … And they
participated in West Germany in the most important projects, something they couldn’t
do before, and developed their own positions, tried to propose their experiments of their
own, to build devices of their own which were built here … So this was a complete new
shaping of the institute. Before this we worked on our own, till ‘89, and thereafter we
have been directed by the big German and European projects in nuclear physics.
***
In autumn was the ‘Wende’ and in May 90 we already had a new project. … And we
received special financial support for this project [from the BMBF]. And that is why
we could promptly begin to work. And we presented already this new direction to the
evaluation committee, that we intend to do this and partly already are doing this. And
this probably decided it. They said “all this is already under way”.

However, the newly founded institute faced a problem: It had no big research device.
This was perceived as a problem because within the science system of the Federal
Republic of Germany, the institutionalisation of research in non-university research
institutes instead of universities had to be legitimized. In the case of nuclear research,
the common justification was that it is big science and must be organized around a big
research device. Because it also focused on useful research, FRG’s science policy of the
nineties was reluctant to invest in basic research. The general political expectation that
all research should be somehow useful had gained ground, and it had become almost
impossible to obtain a large investment without reference to theses aims. Thus, the

12

In the course of German unification, GDR’s AoS was dissolved, and all its institutes were evaluated
by working groups from the German Science Council (Wissenschaftsrat, as national board advising
the government on science policy) in 1990 and 1991. As a result of the evaluation, the founding of
new institutes and the work that should be continued was recommended. All East German scientists
who formerly worked in the AoS’s institutes had to (re-) apply for posts in the new institutes.
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institute saw its future endangered by the fact that it had no such equipment but had to
conduct all its experimental work externally.
Well, this is our big hope at the moment, that we will make an enormous step and will
also strengthen our position here at this place with the building of the new [device]. It
will be certainly necessary to conduct external experiments in the future, too. But it is
unthinkable that such a big institute like ours lives exclusively on this kind of ‘travel
physics’, to use a pejorative term.

As it has done before, the institute searched for niches to secure its future existence.
Now, the search for niches had the goal of finding a big research device that didn’t so
far exist in Germany. In this search, the range of applicability of all other big research
devices currently used limited the scientists’ epistemic room for maneuver. A second
consideration was that the investment couldn’t be justified by exclusively referring to
basic research. Thus, a device had to be found whose range of applicability enabled its
use in basic and applied research simultaneously.
In Germany these days you can get money for a new engine at a certain scale only if it
is evident that the research you are conducting has a strongly applied opportunity.
They don’t demand a guarantee. But the application must be of a kind that it really
leads to something. Otherwise you get money for basic research neither from [the
federal state] nor from the BMBF nor from any other source.

Finally, a research device was found. Plans for the future structure included a new
resource splitting: Some scientists in the institute were expected to change their fields
and conduct more applied research with the new device, thus contributing to the
institute’s legitimacy in the German science landscape.
And it is the case that our dealing with applied aspects is well recognized. But there is
no pressure or enforcement to make this our main task. No institution has said this,
and our institute’s current profile is accepted. However, owing to [the new device] we
will see the re-orientation of some of the physicists in the institute...

5.3

Discussion

In both cases the frictions between epistemic and institutional conditions of actions is
obvious. In the first case time characteristics of the research process’s subject matter
exacted the strongest influence. By using the linkage variable Eigentime, these time
characteristics could be linked to the funding program’s institutionalized time. The
contradiction manifested itself in the decision situation of the reviewers. This wouldn’t
have been a problem for the network under review if the reviewers had belonged to
the same specialty and thus had been able to evaluate the preliminary raw data
presented to them at the peer review. However, since the combination of fields was
new in Germany, an unusual relation to the reviewers was inevitable. Feeling not
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completely certain about the data presented to them, the reviewers refused judgement
and applied the rather formal publication criterion, this led to the negative decision due
to the Eigentime problem.
If epistemic conditions of action and linkage variables were omitted, the explanation of
this example had to refer either to ‘bad research’ (of researchers who were unable to
achieve their goals in time) or to ‘hostile reviewers’ (not believing the data presented to
them). Both types of explanations are quite common. However, both explanations
would have not only been wrong in this case, but also insufficient for two reasons.
Firstly, none of the standard explanations could have explained the delayed publication
of a significant number of high quality papers. Secondly, both explanations would have
muddied the waters with regard to findings of the overall institutionalist analysis,
namely
- the fact that the high risk – strategy that was applied due to the special situation of
East German university research enabled successful research that would not have
been funded under ‘normal’ conditions; and
- the fact that there are self-inflicted failures of funding programs due to the latters’
insufficient adaptability to field-specific conditions.
In the second case, the subject matter’s attributes like energy level and scale of the
intended effects lead to the specific resource demand that characterizes big science.
This resource demand is coped with institutionally by either spending the resources
and investing in a big device or by participating in big collaborations that use such a
device elsewhere. After an initial investment in a big device, GDR’s science policy
institutionally suppressed both options and thus prevented that its nuclear physicists
could access state-of-the-art equipment. This led to a shrinking epistemic room of
maneuver that in turn affected the quality of research and threatened to prevent any
experimental research in the near future. The breakdown of the wall removed the
institutional barriers to the collaborative research option, thus significantly widening
the epistemic room of maneuver. The solution found under the new conditions of
unified Germany was to define a big device that enables basic as well as applied
research. Thus, the new device’s range of applicability widened the researchers’
epistemic room of maneuver in a way that they can meet science policy’s expectations
and continue basic research simultaneously.
The application of linkage variables such as resource demands and epistemic room of
maneuver enabled a detailed account of the conditions under which an ubiquitous
institutional pressure towards ‘usefulness’ of basic research
- does not affect basic research because the latter is shielded by institutional microclimates;
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- does not affect basic research because the latter’s epistemic room of maneuver is
wide enough to meet political expectations without being distorted; and
- distorts basic research in the long run (Gläser and Meske 1996; Gläser 1998, Gläser
2000).

6 Conclusion: solved and unsolved problems
A comparative approach applies a general framework to different settings in order to
assess the individual condition-outcome relationships. Sociological theories provide
many approaches that support comparative analyses of social factors. To expect Social
sciences of being able to include factors outside their claimed range of validity seems to
be extremely unfair. However, there is a strong feeling that these factors affect social
action. If this is the case, there is no choice: we must include non-social factors in
sociological explanations.
This refers first of all to nature. But if we apply the idea of an ‘objective reality’ that
cannot be wished away, there are grounds to treat scientific knowledge and
instruments, though they are socially produced, as non-social factors too. A similar
case can be made for raw materials, instruments, and knowledge that are applied in
human actions other than research. ‘Epistemic conditions of action’ are a specific case
of ‘cognitive/technological conditions’ of human action, i.e. of conditions produced by
material objects, material means of actions and knowledge applied in human actions.
During the last two decades, the sociology of science has observed and recognised the
effects of non-social factors on the production of scientific knowledge. Owing to the
specific aim of the sociology of science’s current mainstream, the sociology of
scientific knowledge, attempts to include non-social factors in social explanations have
focused on the inclusion of these factors as causes in the explanation of how
knowledge is produced.
On the lowest level of abstraction, processes of knowledge production have been
described in great detail. On this level, all constructivist studies seem to have achieved
the inclusion of non-social factors. In these descriptions, basic terms coined by the
observed ‘tribe’ are used. Since every knowledge claim is unique, it seems quite natural
that all descriptions of how these claims are produced are idiosyncratic.
The trouble begins when these accounts are to be compared. As we have indicated
above, a comparison requires a framework that can be applied to all cases. Such a
framework requires abstraction. We have found two offers of abstract frameworks:
ANT and the ‘Mangle of Practice’. However, both frameworks are constructed in a
way that supports neither the comparison of different natural influences nor the
integration of natural and social influences into one explanation. Abstract description
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languages are obviously a necessary but not a sufficient condition for comparisons.
The frameworks must also be rich enough and specific enough to enable a comparative
assessment of the factors’ variations. We cannot see how this is possible within a
language that is reduced to modelling, agency, resistance and accommodation. Nor can
we see how the description of all influences in sociological terms does solve this
problem. While it is possible to ascribe social characteristics like intentions or faith to
non-humans by definition, it is impossible to compare these characteristics in terms of
contents and strength. To us, both frameworks seem to be description languages for ex
post-descriptions rather than analytical tools.
This is the situation we faced when we looked for analytical tools that support the
integration of non-social factors into institutionalist research designs: a rich practice of
idiosyncratic descriptions and two abstract description languages that don’t support
comparisons. We tried to introduce the pre-SSK cognitive structures (enriched by
structures stemming from nature and instruments) and faced idiosyncracy. We tried a
generalized description of epistemic conditions of action and were unable to integrate
these conditions into social explanations.
Our current solution is to maintain epistemic conditions of action and to additionally
apply linkage variables that describe the channels through which actions can be
affected. This seems to do the trick, at least for the type of investigation we conduct,
i.e. for comparative institutionalist investigation.
What problems must be solved in order to include nature in social explanations?
Thanks to the chicken debate, the central problem has been described with some
clarity. The point of departure is the observation that there are non-social factors (in
the sense that their morphology, dynamics and effects cannot be explained
sociologically) that affect scientists’ actions and therefore must be included in social
explanations of science. Sociologists who do not accept this statement are on the side
of Collins and Yearly. Moreover, they are lucky because they avoid a very
uncomfortable situation. However, they cannot provide satisfying explanations of
scientists’ actions.
If we accept the existence of non-social factors and the necessity to include them into
our descriptions and explanations, the question is how this can be done. Science claims
authority over these factors and provides a systematic account for them. However, its
account cannot be used to explain scientists’ actions.
(a) If it would be applied exclusively (the only alternative to ignoring these factors that is
provided by Collins and Yearly), it would not provide social explanations because scientific
accounts omit social factors.

Gläser and Laudel: The sociological description of non-social conditions of research

33

(b) If it would be combined with accounts of social factors, we face the problem of
idiosyncratic descriptions and the incommensurability of two types of explanatory factors
that prevents us from synthesizing them in one explanation.

A solution to this dilemma seems to be the development of distinctively sociological
accounts of the influence of non-social factors on scientists’ actions. This is essentially
the way ANT and ‘Mangle’ try to solve the problem. Pickering’s solution is a hyperabstraction that allows us to account for non-social influences either in an idiosyncratic
language of real-time observation or in a language that is reduced to very few concepts.
ANT advocates a generalized symmetry principle that leads into a sociologisation of
nature. This doesn’t work because the concepts lose their meaning when applied to
non-humans. Thus, both approaches don’t enable comparisons.
Our own approach falls in the third group, too. It is an attempt to identify sociologically
relevant classes of non-social factors (epistemic conditions of action) and to describe the
channels through which they affect action (linkage variables). This solution appears to work
in our empirical investigations.
Because our approach has a specific task in an institutionalist analytic framework, its
range of applicability is limited. Generally, there is a price to pay for the abstraction
that is necessary in comparative approaches. Our approach cannot be applied in indepth studies of processes and outcomes of knowledge production, i.e. in studies that
are aimed at a ‘real-time understanding’ or ‘thin description’ of scientific practice.
A general problem that affects all attempts to account for nature is that it is not
possible to completely avoid idiosyncracies. Scientists apply the current state of
scientific knowledge which is unique to the research situation. Moreover, nature may
(and usually does) interfere in unanticipated ways. We are aware of this problem but
are currently unable to say to what extent it will affect our methodology. In the studies
we have conducted so far, the epistemic conditions of action and linkage variables were
sufficient to ‘catch’ the idiosyncracies.
The most important practical problem we are currently facing is that our approach
implies translation processes (in the common sense of the word) that are very
demanding. In observations and interviews with scientists, the world of natural science
must be translated into epistemic conditions of actions. This means that an
understanding of the content of scientific work (as scientists see it) must be achieved.
However, the language of epistemic conditions of actions seems to be applicable
because it uses concepts not alien to scientists (Laudel and Gläser 2004)
Thus, while solving the most urgent problem of comparing scientific practices, our
solution is preliminary in many respects. We have been able to develop it as required
by our empirical projects. It awaits further discussion.
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