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The Cognitive Closure of Science
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Abstract: As the sociology of scientific knowledge has revealed, research fields may frequently maintain or
legitimize hypotheses independently or in the absence of experimental data or other empirical evidence
constituting conclusive scientific proof in accordance with declared methodological standards. This essay
aims to show certain of the mechanisms and social factors that allow scientific discourse to function as
a self-referential system, i.e., in an autonomous manner in regards to the border conditions of empirical
experience, as described by W. Quine. I particularly concentrate here on how the organization of scien-
tific work in selected disciplines can result in the local findings of individual laboratories being quickly
transformed into unrevisable facts (black boxes). The phenomenon of the self-reference of scientific dis-
course is well illustrated by the case of the debate on the cause of AIDS. This discourse was so configured
that by referring to one another and by theoretical imputation researchers caused the hypothesis on the
causal relation between HIV and AIDS to begin to be accepted as an indisputable fact, even though the
corroborating evidence had not appeared in the meantime.
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Introduction

It is traditionally considered that objective reality—understood as something ex-
ternal and independent of the research process—plays a part in closing scientific
controversies and shaping our knowledge. Many contemporary research trends in the
sociology of scientific knowledge (SSK) and in science and technology studies (STS),
however, display the limitations or inadequacy of such an epistemological approach.
They shggest that scientific knowledge is characterized by “limited empirical sensi-
tivity.” Often science turns out to be cognitively closed to the “external” world. In
this context the category of autopoiesis can be recalled [see Luhmann 1990, 1995;
see also Maturana, Varela 1980]. Here, I understand autopoiesis as the self-refer-
ence and self-legitimization of discourses, i.e., the point of reference for knowledge
generated by the social system is not the “external” world, but the cognitive system
itself—to a large degree it is able to legitimize knowledge independently of what
could be described as empirical input. Metaphorically speaking, social systems are
“encysted” in such a manner that the cognitive process takes place in a sort of co-
coon, which acts as “protection” against the influences of the environment. These
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ntluences do not reveal themselves directly, but are always socially filtered [Zyber-
towicz 1995: 118]. o

The main aim of this article is to describe the processes and factors that produce
science’s cognitive closure to the world. What is of interest is the manner in which
scientific knowledge may legitimize itself independently of the results of observations
and experiments. The autopoiesis of cognitive systems will be treated here not as
a theoretical assumption, but as a category requiring empirical exemplification. The

“basic perspective of the essay is that of the sociology of scientific knowledge (further

SSK) [see Knorr-Cetina, Mulkay (ed.) 1983]. This discipline was initiated by the
Strong Programme [Bloor 1991: 7] of the Edinburgh School [see Barnes, Bloor,
Henry 1996}, which postulated that sociology should explain not only the context of
science (as had been done previously) but also its content. The Edinburgh School
paved the way for successive waves of sociological studies of science, such as: (1) the
ethnography of laboratory practice [Knorr-Cetina 1981, 1983, 1999; Lynch 1985] and
the anthropology of science [Latour 1987; Latour, Woolgar 1979], (2) the sociological
analysis of scientific discourse [Gilbert, Mulkay 1984], and (3) the Bath School’s
Empirical Programme of Relativism (EPOR) [H. Collins 1983, 1985; Collins, Pinch
1998a, 1998b].

In the first part of the text I reconstruct the processes and factors that often cause
scientific knowledge to be constituted and to persist independently of objective reality,
exterior influences on science, or “empirical” data. The second part of the essay is
an extensive case study of a self-legitimizing scientific hypothesis. It pertains to the
debate over the cause of AIDS in the years 1982-1986. As we shall see, the causal
relation between HI'V and AIDS, which is universally accepted today, was constituted
in the absence of experiments, observations, or other premises recognized as definitive
scientific proofs by the standards of the discourse itself.

The SSK Perspective on the Cognitive Closure of Scientific Discourses
The Duhem-Quine Thesis

Let us begin by referring to the Duhem-Quine thesis, known also as the underdeter-
mination thesis. Willard Quine claimed that our scientific knowledge is like a field
of force whose boundary conditions are experience. The field as a whole is so un-
determined by these boundary conditions that there is much latitude of choice as to
what statements to reevaluate in the light of any single contrary experience. Particu-
lar elements of the field can be readjusted in order to make them fit each other and
eliminate conflicts [cf. Quine 1951: 42-43]. According to Pierre Duhem, theoretical
explanations and experience can be made to fit each other not only by changing the
logical value of individual claims or the rules of logic. As he showed using the example
of astronomy, when observation is incompatible with theory, one can revise (1) the
astronomical theory, (2) the law of the propagation of light in space, or (3) the theory
explaining how the instrument (in this case, the telescope) works [cf. Duhem 1905].
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This leads to a situation where experience and theory are made to fit each other and
thus create a certain closed, mutually confirming, whole [cf. Hacking 1992; cf. robust
fit, Pickering 1995]. Tan Hacking [1992] showed that experience can be fitted to theory
through a change in the theory, an auxiliary hypothesis concerning the functioning of
the instrument, and/or the rebuilding of the instrument itself or possibly a change in
the way it is utilized.

The underdetermination of scientific knowledge by the objective world does not
lead to the cognitive closure of systems. But this observation makes us aware of how
long scientists can stick to their position in the face of the most varied evidence and
how much freedom they have in adapting experience and the theory at their disposal.
The empirical experience is inseparably connected with scientific theory—there is no
pure experience, because all experience is categorized within a particular theoretical
framework and the use of a scientific instrument is based on a number of tacit or
explicit assumptions.

Black Boxes and the Costs of Replication of Experiments

Much more interesting from the perspective of our analysis are the mechanisms as-
sociated with the “economy” of scientific research and the costs of replication of
experiments. Among the elements ensuring the stability of scientific findings are the
unusually high costs of certain scientific experiments. The replication of research is
frequently so costly that researchers will not undertake it. (An exception is a situ-
ation where the results of a given experiment do not agree with other elements of
the discourse, i.e., with the results of competing research teams or theoretical predic-
tions). Let us consider the following example of research on the thyrotropin-releasing
hormone (TRH) conducted by the Salk Institute [see Latour, Woolgar 1979; cf. Hack-
ing 1999: 175]. At the time, there was not a large-enough quantity of TRH samples
available to be used for laboratory analysis. In order to get the one microgram of
the substance that the Salk Institute needed to perform its original research, five
tons of pigs’ brains were transported on ice from a slaughterhouse in Chicago to the
laboratory in San Diego and samples of TRH were extracted. No laboratory could
afford an analogous enterprise exclusively for the purpose of confirming the results
achieved by the Salk Institute. These types of expenditures are justified only in the
case of pioneering work. Obviously, not all natural science disciplines require similar
expenditures. Even so, for scientists the rational choice would seem to be to continue
and develop research work that already exists and not to contest or undermine other
work, with the possibility of becoming embroiled in long-lasting controversy. It is
more profitable to treat those results as a kind of black box.

The term “black box,” which is taken from cybernetics, functions in SSK as some-
thing more than a loose metaphor. In this paper, by “black box” I mean every object
that constitutes a stable construct [see Latour 1987: 1-3]. A black box may be (1) an
effectively operating technological artifact, (2) a standardized, repeatable experi-
ment, or (3) an established scientific claim constituting an entry point for further
inquiry. The essence of black boxes is that researchers treat them as unproblematic
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entities and use them in their research work, “building upon them” successive exper-
iments, technology, or conceptions. Ideas, experiments, observations, or conceptions
treated as a black box can become an element of a broader theoretical framework or
be treated as an auxiliary hypothesis explaining how a particular instrument works;
equipment considered to be a black box can be used as an element of a larger tech-
nological system or a complex experimental set. In many instances, the process of
closing a scientific black box consists in rejecting knowledge about the process of its
construction [cf. Latour 1987: 6-7]. A black box can be defined in categories of the
costs of its potential opening (problematizing) [Sojak 2004: 238-244]. Theoretically,
there is always the possibility of opening a black box, but most often no one undertakes
such a task because of the high costs. Black boxes are stabilized not only by various
kinds of interests, convictions, and practices, but primarily by the process of building
successive layers or levels of black boxes; attempting to open the bottom box would
entail dealing with the whole stack of boxes built on top of it [cf. Callon 1991].

Let us return to the problem of replication. The fundamental difficulty associated
with replication consists in the fact that it requires high experimental skills. Often
the only method for ensuring the reproducibility or standardization of experiments
is the transfer of tacit knowledge.! Confirming the experimental results of another
laboratory or reproducing a non-standard device is not a trivial activity. It frequently
requires the researchers to repeat nearly the entire cognitive process, and it sometimes
leads to a situation where a satisfactory level of standardization for a given experiment
can be achieved only by engaging the same highly-skilled person to perform the task.
The differences in experimental fluency and “style” between laboratory researchers
and technicians can be so large that they generate unacceptable discrepancies in
the results of experiments [see Lynch 1985: 67-68]. Furthermore, replication is not
only costly (it absorbs scarce research resources), but above all, time-consuming (it
requires recreating the resources of tacit knowledge). Primarily, however, a research
team must take into account the activities of other representatives of the research
field: If a given laboratory were to concentrate on the replication of a particular,
uncontroversial research result, other scientific centers could, during the same period,
carry their projects forward, gaining the lead in access to grants and other sources of
research funds. To state the matter in slightly different words, researchers considering
the replication of an experiment or prototype must take into account the “costs” of
potentially lost benefits (cf. opportunity costs).?

I Harry Collins [1974, 1985: 51-78] analyzed attempts to replicate a certain type of laser (a TEA
laser) by a research team. The device had been developed earlier in another research facility. The team
he observed had at its disposal a detailed description and full documentation of the laser. These were
insufficient, however. During the course of work a series of difficulties appeared that made reproduction
of this comparatively simple artifact impossible. Replication was achieved only after the team was joined
by a person who had participated in the work of the laboratory that had first constructed the device:
This person had the skill-based, embodied know-how necessary to build and operate the TEA laser. The
significance of tacit knowledge in scientific work was revealed by a sociological study of contemporary
laboratories engaged in designing and constructing thermonuclear arms [MacKenzi, Spinardi 1995].

2 This type of analysis in categories of cost calculations and of market-type mechanisms, presenting the
image of science without romance, can be found, in the works of Pierre Bourdieu [1988], Philip Kitcher
[1993, 2001] and Jestis Zamora-Bonilla [see: Ferreira, Zamora-Bonilla 2006; Zamora-Bonilla 2006, 2010].



