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PREFACE

The present volume contains the selected proceedings of the 5th 
Joint International Conference on the History and Philosophy of 
Science. The Conference was held in Veszprem, Hungary, 14th to 
20th August 1984, by the IUHPS through its Joint Commission. 
Members of the Joint Commission included Imre Hronszky (Chair­
man, Hungary), Eman McMullin (U.S.A.), and Uffe J. Jensen (Den­
mark). Additionally appointed members were Hans Lenk (F.R.G.), 
Marta Feher (Hungary), Andras Hajnal (Hungary), and the late 
Laszlo Matrai (Hungary). The main topic of the Conference was 
the ‘Impact of Society on Scientific Cognition’. Papers were also 
read on the topics of ‘Exact Models of Science’, ‘New Philosophi­
cal Trends in Logic’, and ‘Linguistic Philosophy’. There were a 
few presentations on such problems, now classical in the philoso­
phy of science, as incommensurability or the conflict between 
rationalism and historicism. The Joint Commission invited 72 
speakers, 57 of whom accepted the invitation: 49 came and held 
their lecture, while another approximately 30 participants came 
from various’countries, mainly from Hungary. An especially large 
number of Hungarian specialists, among them representatives of 
the younger generation, took the rare opportunity to attend a 
meeting of such international importance. We regretted the ab­
sence of a few prospective participants (among them M. Hesse and 
J. Barwise), who were prevented at the last moment. (We owe 
special thanks to Professor Hesse for the text of her paper which 
she furnished later.) The interest Hungarian colleagues took in this 
work gave the idea to the Joint Commission to stage three ‘poster 
sessions’ which provided young specialists with the possibility of 
meeting leading experts in their respective fields. Let us hereby 
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VIII PREFACE

thank Professors G. H. von Wright, E. McMullin, and J. L. Cohen, 
who probably sacrificed rare opportunities of leisure in their 
hectic conference schedule to act as benevolent chairmen of the 
poster sessions. Some of the materials presented there are pub­
lished in Doxa-Philosophical Studies, a periodical of the Hun­
garian Academy’s Institute of Philosophy. (Requests for all Doxa 
numbers are to be addressed to the Institute of Philosophy, 1398 
Budapest, Pf. 594.) The present volume of the selected proceed­
ings is mainly composed of papers presented on the ‘Impact of 
Society on Scientific Cognition’. Papers presented on Logic and 
Linguistic Philosophy are published in Logique et Analyse.

The Conference was sponsored by the IUHPS, as well as UN­
ESCO, and on Hungary’s part by the Hungarian Academy of Sci­
ences and the Technical University of Budapest. Special thanks are 
due to the Technical University for various facilities such as its 
resort at Lake Balaton. We are also grateful to the Academic Com­
mittee of Veszprem who, through the kind assistance of Mrs Edit 
Bakacs, offered us the inspiring milieu of their 18th-century three- 
storey palace in the Veszprem Bourg, equipped with a magnificent 
garden where the long conference days were extended into lively 
evening talks and friendly encounters. We received no less valuable 
help from the personnel of the Veszprem State Administration 
School where many of the participants were catered for and 
housed Kitchen chefs and attendants did a good job in negotiat­
ing local and international ideas of culinaiy pleasures. Mrs Judit 
Kaiser, from the Technical University, applied herself with out­
standing efficiency to the task of organizing all that was possible 
and impossible.

The Joint Commission expresses its collective thanks to I rotes- 
sors E. N. Hiebert (President of IUHPS) and R. Hilpinen (General 
Secretary of DLMPS) who excelled both as invited speakers and 
promoters of financial and organizational matters of the Confer- 
ence

Finally our thanks must also go to the Publishing House ot the 
Hungarian Academy of Sciences, especially to Matild Gulyas as 
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copy editor, and to Kluwer Academic Publishers as well as to Pro­
fessor R. S. Cohen, editor of Boston Studies in the Philosophy of 
Science, for their readiness to publish the conference materials.

On behalf of the organizers and editors 
IMRE HRONSZKY





PART I

THE IMPACT OF SOCIETY ON SCIENTIFIC COGNITION





MARY HESSE

SOCIALIZING EPISTEMOLOGY

I. EPISTEMOLOGY OF SCIENCE

Epistemology as a normative philosophy of scientific knowledge 
has had a bad press recently. Criticism has come both from philos­
ophers like Feyerabend and the neo-Popper school, who claim 
that there are in principle no rules of scientific research, and from 
sociologists of science who claim not to find any in scientific prac­
tice This paper will consider why these charges are made from the 
direction of sociology, and whether they are justified.

Traditional epistemology has been parasitic upon an accepted 
ontology. That is to say, it has been assumed that we know there 
are certain kinds of objects in reality, and the question has been, 
how do we come to know this? This is the case for Platonic forms, 
Aristotelian species and demonstrative knowledge, for the two 
modes of knowledge recognized in the 17th century - mathema - 
ics and sensory knowledge, subsequently for Newtonian science, 
and then for the accepted ontology of natural science in general. 
Empiricist ontologies of natural science demanded an epistemol­
ogy in order to explain what kinds of data there are, how they get 
connected to theories, and what the criteria of theory choice are. 
All this presupposed, in some sense, a realism of the objects of nat­
ural science. There is an objective environment to be explored by 
science, the question is, how do we draw correct conclusions 
about it? ... ,e. .

A challenge to this programme arose from the recognition (first 
due to Kant), of the mental ingredient in all this, in the form of 
conceptual schemas organizing sensory knowledge, whic cou 
lead to underdetermination of theory by data and to the possibi ity 
of radically different internal ontologies as described by different
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4 MARY HESSE

theories. This challenge, however, did not necessarily lead to an 
abandonment of realism, but only to a change in its locus — it 
could become (as most recently with Quine) an ontology of sen­
sory inputs, not of an objective world lying behind these. Quine 
also removes the remaining rationalist elements in science by sug­
gesting that there are no fixed a priori truths about logic or con­
ceptual frameworks to which science must conform. Epistemology 
becomes naturalized — it describes how we get around in our nat­
ural environment by inductive methods, which may themselves be 
understood as extensions of animal learning. By methods of trial 
and error, aided by both biological and cultural evolution, we get 
better and better knowledge of the objective natural world, as 
tested by the accumulating success of our scientific predictions 
and capacity to control. The previous a priori elements identified 
by rationalists become contingent universals of human biology and 
psychology, whose success has been guaranteed, not by their a 
priori truth, but by the various mechanisms of selection and sur­
vival. If one wanted to put a constructivist gloss on this, one 
would speak of the ‘objectivized’ natural world as a construct of 
human sensory interaction with the world and the biological need 
to cope successfully with it. But such locutions do not conceal the 
underlying realism of the position — the ontology is one of inter­
action within a natural reality embracing the physical, the biolog­
ical, and the human perceiver.1

One problem with this naturalized epistemology is that there is 
little detailed evidence for it. The complexities of scientific devel­
opment and its technical exploitation do not look, on the face of 
it, like the natural extension by the human species of animal learn­
ing mechanisms. Nor is it obvious that they have much to do with 
the survival of the species in the biological sense, at present indeed 
rather the reverse. The most important objection is, however, that 
naturalized epistemology remains incurably individualist. Hints to­
wards cultural as well as biological evolution are not sufficient to 
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take account of the social context of science. Epistemology needs 
not only to be naturalized but also socialized.

The socialization of epistemology may be said to begin with 
Durkheim, whose overt aim was to replace the rationalist element 
in received epistemology by social categories. He notices the vast 
variety of categorial frameworks and beliefs operative in tradition­
al societies and wishes to explain these not by Levy-Bruhl s pre- 
logical mentality’ but as symbolic elaborations of social struc­
tures - elaborations which take off from the social base and be­
come quasi-autonomous systems of reasoning, appearing to clami 
the absolute allegiance of the mind. How is it, he asks, that logic, 
and the concepts of truth, cause, class, number, space, time, in a 
given society, attain consensus, stability, authority and a quasi-ab­
solute status? It can only be, he replies, that, like the concept of 
God in religious societies, they have behind them social power and 
sanction, and these are derived from the actual force inhering in 
social norms and structures, such as clan divisions and hierarchies, 
and seasonal imperatives of hunting and agriculture. Like Levy- 
Bruhl, however, Durkheim declined to apply these insights to the 
modem scientific mentality, and so although he has a sociology of 
the rational and of religion, he has no sociology of science. There 
are two chief reasons for this. The first is that his whole theory is 
predicated on an evolutionary view of human history which itself 
rests on a scientific theory of natural evolution, and this cannot be 
socialized without apparently undermining itself. The second is 
that his sociological method itself is always explicitly positivist. He 
believes that positivist scientific method is the highest product of 
the evolving forms of knowledge, and is therefore, in our time, 
effectively uncriticizable.3

Thus in the end Durkheim’s socialized epistemology is conserva­
tive and uncritical with respect to both natural and social science. 
He provides tools for the study of systems claimed as cognitive by 
other, non-scientific cultures, but neglects the self-reflexive critiqe 
of his own tools, and consequently the possibility of alternative 
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modes of knowledge open to us. Meanwhile precisely these alter­
native possibilities were being explored by Dilthey and Weber. 
Dilthey asks the epistemological question about the study of his­
tory that parallels the one Kant had asked about the study of nat­
ure: we have historical knowledge (in the burgeoning studies of 
19th-century Germany), how is it that we have it? Dilthey, Weber, 
Gadamer, Habermas and others have answered the question in 
terms of various forms of understanding (Verstehen) and in terms 
of social interests in a form of knowledge that is not that of nat­
ural science, but has to do with the practice of human communica­
tion and mutual interpretation, in other words, the normative 
knowledge of history, politics and morals becomes the subject 
matter of a non-positivist epistemology.

Modem Durkheimians have objected to Durkheim’s exclusion 
of natural science from his socialized epistemology, but they have 
not always broken free of his positivism. For example, in their dif­
ferent ways both Mary Douglas and David Bloor4 have tended to 
regard natural scientific methods (the search for testable laws, 
etc.) as the appropriate methodology for the sociology of natural 
science as well as for its own practice. But Bloor’s ‘strong pro­
gramme’ asks that science should be subject to the same scrutiny 
as every other social institution. This surely means that the socio­
logical method adopted in studying science should also be subject 
to scrutiny, not just in the sense that the development of sociolo­
gy of science itself needs a social explanation (though it does), but 
also that the method of sociology should not be presupposed to be 
that of the natural sciences. More recently adherents of the strong 
programme have explicitly acknowledged that normal historical 
criteria of adequacy are appropriate for sociology of scientific 
knowledge, and they look not only for generalizable causal laws, 
but also for the particular cause—effect relations and appeals to 
human intentionality that characterize general history.5

There is another point to be made about the application of the 
strong programme in sociology of science. Bloor proposes that ex­
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planations in history of science should be ‘symmetrical’ as be­
tween true and false theories, and between modes of thought 
which may or may not reflect 20th-century Western interpreta­
tions of scientific methodology. Another way of putting this the­
sis is to say that scientific theory, past or present, should be inves­
tigated on the same basis as that adopted for the symbolic belief 
systems of cultures in general, according to the methods of soci­
ology and social anthropology. This means, among other things, 
that cognitive terminology such as ‘belief , knowledge , truth , 
‘falsity’, ‘rationality’, will be used in describing actors’ thoughts 
and behaviour as it is used by actors themselves, without bringing 
any external judgements to bear from our own standards of knowl­
edge and truth. It also means that social causation of beliefs will 
be sought in the same way whether we judge the beliefs to be true 
or false, rational or irrational, and that when this social method­
ology is applied to the past or present science of our own culture, 
even there no such judgements are relevant.

We should note, however, that an unnecessary air of paradox 
may attach itself to this formulation of the strong programme. If 
we take the sociological analogy seriously, it is clear that the prin­
ciple of symmetric explanation can be used to safeguard, rather 
than to reject, the distinctiveness of Western science. For if we 
consider, say, an anthropologist fallen among Cavendish physicists, 
a necessary part of his method will be to learn the distinctive 
standards and rules of truth, correctness, empirical test, rational 
argument and the rest that his actors exhibit, and he will have to 
try at least to understand these as they do. There is no need, there­
fore, for the strong programme to suppose that there is no differ­
ence between tentative scientific beliefs, serious hypotheses, theo­
ries, and accepted parts of scientific knowledge, because these 
things will be governed by the actors own rules, and these are dif­
ferent from the overt criteria of truth and inference in more tradi­
tional cultures. The scientific rules may or may not be identical 
with those discussed by philosophers of science, about which there 
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is dispute, but they will generally include at least the requirement 
of empirical testability, leading to criteria for good theories which 
require successful predictions, more or less conforming to standard 
logic, etc. The adherent of the strong programme need not deny 
that in our culture there is some recognition of these technical and 
logical ‘reasons’ for adoption of the theories we do adopt; what he 
may rightly go on to point out is that the actors accounts may 
contain elements of false consciousness, and that in any case adop­
tion of the criteria themselves is subject to social causation which 
can be investigated socially and historically.

II. ACTORS’ MODEL

The attempt to discover the explicit institutional rules of Western 
science is just one example of the sociologist’s actors’ model, that 
is, the principle of giving privilege to actors’ overt points of view. 
But, as philosophers of Western science have discovered, it is not 
possible to follow this principle very far without finding it neces­
sary to simplify, idealize and reconstruct, if only because actors’ 
overt points of view are rarely systematic enough to provide a 
coherent story. Before looking at these problems directly, howev­
er, it will be useful to have before our minds two examples of so­
cial historiography of science which on the whole adopt the ac­
tors’ model, while arguing that important features of theory are 
inexplicable by the standard ‘rational’ account of scientific rules 
and methods. I take both examples from physics during the last 
100 years, because it is presumably in physics rather than in softer 
sciences that the thesis of social constraint will be most difficult to 
establish. The examples are Paul Forman’s now classic discussion 
of ‘Weimar Culture, Causality and Quantum Theory’, and Brian 
Wynne’s interpretation of ether theories in Cambridge in the late 
19th century in ‘Physics and Psychics: Science, Symbolic Action 
and Social Order in Late Victorian England’.6
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Forman describes the introduction of acausality into quantum 
physics by German physicists in the aftermath of defeat in the 
First World War. His thesis is that this has to be explained in terms 
of contemporary attacks upon mechanistic science, coming from a 
romantically influenced intellectual milieu, and disseminated wide­
ly among physicists. Moreover, Forman argues that the rejection of 
causality in physics is not explicable in terms of internal scientific 
developments. Wynne describes the intellectual milieu in which 
ether theories arose, and argues that this was one of conflict be­
tween, on the one hand, utilitarian and professional exploitation 
of materialist science as a basis for education and morals, and on 
the other hand a more conservative scientific realism for which 
such exploitation of science was seen as a threat to social order. In 
the conservative view which dominated Cambridge science, meta­
physical and spiritual interpretations of human nature were seen 
as being supported by the postulate of a nonmaterial ether, and 
indeed ultimately by an ether which subsumed the theory of me­
chanical matter itself, and thus provided a physical model of unity 
and continuity. Also, some of the Cambridge physicists were ac­
tive in the nascent Society for Psychical Research, for which a 
scientifically grounded ether theory provided welcome intellectual 
support, and which was used to give rational backing to a less ar­
ticulate spirituality of the ‘lower classes’. Like Forman, Wynne 
claims that the transformation of physical theory involved in the 
ether postulate was not required by the data nor by the tradition

physics. Moreover the postulate is not found among other phys­
icists. Those working, for example, in contemporary Germany 
adopted the contrary postulate of action ata distance. Therefore, 
Wynne concludes, the appearance of ether in a particular place 
and time must be related causally to non-scientific factors.

Both case studies make the historical claim that a theoretical 
discontinuity having important metaphysical implications cannot 
Fe explained as an outcome of purely scientific reasoning. ‘Purely 
scientific reasoning’ might of course be interpreted in such a strict 
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sense as to make this claim merely platitudinous, for it is generally 
accepted that in a complex scientific situation theories will be un­
derdetermined by logic and evidence, and hence not explicable by 
purely scientific reasons in that sense. But the claim becomes sub­
stantial if we take it in the sense that internal reasons drawn from 
logic, evidence, normal inductive reasoning, and the local scientific 
tradition are not sufficient, and moreover that the remaining ex­
planatory gap cannot be filled by reference to individual psycholo­
gy (‘great man’ theories of explanation), and should not be filled 
by appeal to simple historical accident.

Given that understanding, both authors present their case stud­
ies as standard history, open to historical debate and testing and 
perhaps refutation. Forman has received such a response from 
John Hendry,7 who has cited evidence for a greater isolation and 
autonomy of the community of quantum physicists than Forman 
allows, and has spelled out some of the internal argumentation 
that went on between the founders of quantum theory, out of 
which rejection of deterministic causality emerged. He argues that 
there were after all sufficient internal reasons for change, and that 
in any case the rejection of causality was not in itself seen by 
physicists as the major conceptual shift of the new theory: it was 
less important, for example, than the reinterpreted relation be­
tween observer and observed, and the new space —time concepts 
implied by quantum theory.

Hendry concludes his paper with a series of questions about the 
nature of historical causation, and recognizes that in a situation as 
complex as Weimar science there is unlikely to be a simple set ot 
causal influences, nor are these likely to be entirely explicit, either 
in the minds of the protagonists or in the historical sources avail­
able. In perusing various examples of the lively debate at present 
going on in history of science between social historians and their 
critics, it becomes increasingly clear that although first-order his­
torical work is essential to arguments about the validity of the 
strong programme, yet issues of principle are not going to be con­
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clusively settled by historical evidence. The issues soon become 
deeper ones about historical methodology and about the nature 
of scientific knowledge. Protagonists on the two sides of the de­
bate no longer dispute the possibility of a variety of causal factors 
from economic,political, social, intellectual, rational and empirical 
sources; the dispute is rather between those who wish to weight 
these factors differently. On the one hand are the ‘rationalists’, 
who regard the history of science as primarily the arena of rational 
thought and action, and who wish to pursue rational explanations 
to breaking point if necessary, after which they may admit ‘de­
viant’ ideological, social and psychological factors as causative. At 
the other extreme there are adherents of the strong programme, 
who claim to be completely neutral about the type of causation 
involved in any particular case, whether of ‘good’ science or ‘bad’. 
The first group tend to adopt a model of the rational agent as a 
theory of belief in the human sciences in general, and in history of 
science in particular. The second group have frequently adopted 
socially instrumental and symbolic interpretations from social 
anthropology, as illustrated by the reference to ‘symbolic action’ 
in the title of Wynne’s paper.

Forman’s and Wynne’s papers are not, however, exercises in this 
more general symbolic action model, but rather in what I have 
called explanation by ‘actors’ model’. By this I mean that they are 
concerned with the views and beliefs more or less explicitly pre­
sented by actors and in some cases argued for by them. In his pro­
logue and concluding footnote Wynne describes a symbolic action 
model, in which the historian will recognize “tacit meanings... in 
a process of continual renegotiation, defence and development”, 
and in which the elaboration of symbolic universe will depend 
more on what is perceived to be efficacious social weaponry than 
on consistency with either social practice or scientific logic. But in 
his actual discussion of his case, Wynne is concerned not so much 
with ‘tacit meanings’ as with asserted beliefs, and with face-to- 
face connections between individuals of the different groups. He 
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attempts to show that in some cases there was explicit recognition 
of the applicability and value of scientific theory as a weapon in 
social conflict. He is concerned rather with individuals’ rationaliza­
tions than with the latent functionality of insitutions.

The distinction between the actors’ model and general symbolic 
action models parallels the similar distinction in social anthropolo­
gy between those who give ‘privilege’ to actors’ accounts of their 
beliefs and actions, and those who seek further explanations of 
these in functional, structural and symbolic contexts. We shall 
look at some .such examples later, but meanwhile it is worth mak­
ing a general point about the prevalence in sociology of scientific 
knowledge of models taken from social anthropology rather than 
from other disciplines of the human sciences.8 The reason seems 
to be that historians and sociologists have conceptual problems in 
the area of ideas and thought systems that do not arise from the 
study of human action in general. Historians and sociologists of, 
for example, myth, metaphysics and religion, need an epistemolo­
gy of their subject matter just as historians of science do. Students 
of Western thought have generally been content to adopt models 
of rationality based on Western logic and science as the paradigm 
norms of thought. It is social anthropologists who have most ob­
viously been forced to consider modes of thought very different 
from Western rationality, and to take them seriously as cognitive 
systems. Since it is now the Western tradition of objective knowl­
edge that is itself in question, sociologists of science have sought 
alternative epistemologies in the study of non-Western thought.

III. COGNITIVE SYSTEMS

The question that now arises is, What are the marks of a socially 
recognized cognitive system? What, on this view, is the subject 
matter of epistemology? I shall suggest three possible answers to 
this: first, that epistemology is about sets of belief of a certain 
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kind, second, that it is about symbolic statements concerning the 
natural and social order; third, that it is about collective world 
models serving ritual or practical social interests.
(1) The most obvious definition, suggested by Western philosophi­
cal tradition, is that a cognitive system is that which commands 
the belief of most, or at least a significant number of, members 
of a society, together with institutional structures, performances 
and actions that are associated with that belief. Such a definition 
would include religious systems grounded in communal creeds and 
ntuals, legitimated by institutional hierarchies and theologies, and 
issuing in the religious ordering of social life. It would also include 
file institutions of science, based on a generally uncriticized con­
sensus in our society that information about natural reality is di­
rectly available in sense perception, and indirectly available by 
means of increasingly elaborate scientific theorizing and experi­
mental techniques.

In this definition of cognitive system, belief is usually construed 
as an individual state of mind. It is related to a theory of rational 

ion, according to which complexes of human actions, desires, 
values, goals and beliefs may be combined with facts to give ex- 
P anations of action. The explanations are like scientific theories, 
m the sense that they rest on publically ascertainable empirical 
oata and observable human behaviour, and use specified ‘goals’, 

a ues’, and ‘beliefs’ as theoretical concepts of the explanatory 
meory. Thus an action is rationally explicable if it can be shown 
mat it would be an effective and efficient means of attempting to 
reach an assumed goal, given the factual circumstances, and as­
suming the truth of the beliefs of the agent. There may be a pay- 
o between possible unobserved goals and beliefs in this schema: 
or example a person seen avoiding sitting on a seat marked ‘13’ 

may relieve in bad luck and wish to avoid it, or may believe he 
sees a friend in seat ‘30’ and wish to sit next to her. The most 
acceptable explanation of action is the one that postulates the 
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most appropriate unobserved beliefs and goals to provide best fit 
with all the facts.

In this theory actions may be rational even though the beliefs 
postulated to explain them are not based on ‘scientific rationality . 
If the Hopi dances because he believes the dance brings rain, his 
action is rational given his belief and his desire for rain. Thus the 
theory of rational action is neutral with regard to the content of 
‘correct belief’, although it is usually assumed that the most chari­
table’ explanations of people’s actions should impute to them sci­
entifically grounded beliefs if possible. In other words, the theory 
of rational action is usually harnessed to a scientific account of 
what it is to be a ‘cognitive system’. On the other hand, some au­
thors have used the concept of cognitive system in ways that do 
not necessarily depend either on scientifically grounded beliefs or 
on any consciously worked out relation between individual belief, 
desire and action. Religions may be maintained as social systems 
by habitual or imposed recitation of creeds and practice of rituals. 
Religious hierarchies may persist in use of their power without 
having any personal belief in the creedal formulas. Moreover, as 
Rodney Needham has shown in a detailed comparative study,10 
the Western concept of ‘belief’ itself, as an identifiable psycholog­
ical state, is not closely translatable into the concepts of other cul­
tures, although there is no doubt that they do have cognitive sys­
tems in the sense of institutionalized religious mythologies and 
world views.

The concept of ‘belief’ as an unobservable mental state has also 
been criticized in the Western philosophical tradition. Where be­
liefs are not scientifically grounded and do not appear to issue in 
scientifically reasonable actions, even the treatment of beliefs as 
theoretical postulates comes into question, because there may be 
no check on what these explanatory beliefs are other than circular 
checks within the whole observable complex of ritual acts and af­
firmations. Even the assumption within the rational action model 
that there will be an intention to use effective and efficient means 
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to a desired end may not be applicable. For example, as Weber re­
cognized, some actions are ‘for their own sake’, but no less ‘ra­
tional’ for that.
(2) In the light of such objections, some anthropologists suggest 
definitions of ‘cognitive systems’ in terms simply ol the kinds of 
social institution that are typically exhibited by a religion. This 
will include cultural orthodoxies and dogmas: “symbolic state­
ments about the social order”, 11 as Leach puts it, which issue in 
ritual utterances and actions.

I mention these anthropological discussions of what counts as a 
cognitive system because there is a sense in which the social con­
structivist view of Western science is an attempt to construe sci­
ence as more like the myths and religions of other societies than 
positivists would have countenanced, and to seek to describe and 
explain it in similar terms. In regard to Leach’s type of descrip­
tion, however, it is not immediately obvious how the analogy is to 
be drawn. The ‘scientific world view’ is the taken-for-granted con­
sensus of modern Western society, to be wheeled out for purposes 
of pedagogy, and to give factual grounding for social and political 
action in relation to medicine, the environment, nuclear power, 
etc. But it has not (except in maverick cases like Auguste Comte) 
issued in regular public ritual celebrations which structure the 
daily life and actions of social individuals. It constitutes one great 
complex of social institutions among others, and makes no offi­
cial claims to all-pervasive competence or authority. Rather the 
reverse, because we are used to hearing pleas from its practitioners 
for more study of the moral aspects of life in order to supplement 
the factual information in terms of which decisions have to be 
made. Official science is in fact generally resis tent to the view that 
science is a ‘symbolic statement about reality’ which in principle 
mirrors and directs every aspect of social and individual life.

Such modesty on the part of official science is questioned, how­
ever, from two directions. There are first the scientific humanists, 
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and recently the sociobiologists, who put forward the view that 
science ought to constitute such an all-pervasive symbolic state­
ment but these are by no means a high proportion of the spokes­
men of official science. Secondly, there are the critics who argue 
that in fact science in our society does have this pervasive ideo­
logical though latent, role; that science is the institution that in 
fact legitimates industrial-technocratic-capitalist politics and pro­
vides the modem opium of the people. Both these points of view, 
as well as the general parallel between science and symbolism, 
serve to highlight the social characteristics that science shares with 
symbolic systems as identified by social anthropologists. At the 
same time attention is bound to be drawn to features that differ­
entiate science and symbolism. These are not only the traditional 
‘rational’ criteria such as falsifiability and accumulation of prag­
matic success, but also social differentiae, such as the openended- 
ness of scientific norms in modern societies emphasized by Hor­
ton, or the atomistic division of labour within science and within 
society to which Gellner draws attention.12 The sociological ap­
proach to science does not entail neglect of its special cognitive 
fea tu res
(3) A third approach, which can make room for both the parallels 
and the differences between science and symbolism, draws on the 
cognitive sciences themselves. Studies of mental modelling of the 
world are clearly relevant to the ways in which both science and 
symbolism enable humans and animals to survive and attempt to 
realize their purposes. Such mental modelling is not mere copying. 
It is already evident from work on elementary perception that no 
one-to-one correspondence theory of truth provides an adequate 
theory of modelling even of the natural environment. ‘Mental 
modelling’ must be taken to include structures having various ana­
logical and morphic relations to ‘the world’ which may require 
elaborate transformations and mediations through action before 
‘the world as experienced’ can be reconstructed. Moreover, models 
may be hypotheses, or ‘stories’ about the world, which issue in 
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testable action. The ‘success’ of a model may be tested by compari­
son of the expectations induced by it with further experiences, or 
by longer-term methods of biological selection, or by acceptability 
by social consensus and by the realization by societies of overall 
purposes both manifest and latent.13

So far little is known about how mental schemas which are so­
cial rather than individual (Durkheim’s ‘collective representations’ 
or Leach’s ‘symbolic statements’) work as cognitive systems. Func­
tionalism, structuralism, and sociobiology are all theories ot their 
operation, and none has been found generally adequate. But one 
might venture a definition of ‘cognitive system’ which is more sat­
isfactory than either of the first two suggestions, along the follow­
ing lines:

A cognitive system is a collective mental schema modelling some aspects of the world, 
issuing in mimetic ritual and/or appropriate action to realize human purposes.

Such definition has the merit of including those cognitive systems 
that are studied as such by both social anthropologists and cog­
nitive scientists. It does not presuppose functionalism, structural­
ism or sociobiology, because it does not assume that societies or 
the human species as such have latent purposes or common psy­
chological structure or goal-directed fitness for survival. It does 
however place the cognitive squarely within the domain of human 
institutions and human purposes, that is, within the domain of 
human intentionality. Does reference to ‘modelling of the world’ 
do enough to demarcate the cognitive from other human institu­
tions? It seems, for example, to cover some aspects of the ‘aesthet­
ic’ that are not usually regarded as cognitive. Deciding what the 
limits of the cognitive are would require a lengthy discussion of 
whether ‘the world’ that is modelled presupposes some form of 
scientific or other realism, or whether world models are rightly 
regarded as cognitive if they answer in a more general sense to 
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pragmatic social needs. These are questions I cannot go into here, 
but let us suppose that the institutions that are studied in sociolo­
gy of science’ are cognitive in this wider sense, and concentrate 
attention on how they realize generalized criteria of pragmatic 
success. This means that scientific ‘modelling of the world’ may 
be realized either by some form of natural realism, or by the con­
struction of world models for a variety of other social purposes. 
Within this framework we can even consider the extreme construc­
tivist claim that “the natural world has a small or non-existent 
role in the construction of scientific knowledge’’.14

IV. SYMBOLIC ACTION MODELS

If science is approached as a generalized cognitive system in the 
way just described, we need to be more explicit about the kinds of 
explanation of science there are, other than those of rational ac­
tion and belief’. I shall speak of the symbolic action model of 
sociology of knowledge so as to include various explanatory strate­
gies satisfying the following two conditions:
(l)The subject matter of sociology of knowledge is taken to be 
cognitive in the generalized sense described.
(2) The methodology of the study is intentional, in the sense that 
it presupposes some recognition of the fact that cognitive systems 
are human intentional systems, and that the appropriate methods 
are not exhausted by the search for causal laws.

These types of explanation will include the actors’ model, ex­
amples of which we have already considered. I shall now look at a 
rather different perspective on symbolic action, exemplified in the 
recent collection of papers Science Observed. In their Introduction 
to this book, Knorr-Cetina and Mulkay speak of a methodology 
they call ‘internalist’, not in the old sense of being exclusively con­
cerned with self-contained technical arguments and experimental 
evidence but in the sense of offering micro-studies of the totality
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of institutional activities of specific groups of scientists, relatively 
cut off from surrounding society. Such studies parallel the Durk- 
heimian concern with symbolic religious systems seen as “a syn­
thesis sui generis of particular consciousness” which “sometimes 
indulges in manifestations with no purpose or utility of any sort, 
for the mere pleasure of affirming itself”.15 Similarly, sociologists 
of science go into the laboratory as if into a strange tribe, and like 
ethnomethodologists they concern themselves with portraits of 
closed scientific communities with internally defined universes of 
meaning.

Some of these studies have taken what Knorr-Cetina and Mul- 
kay call the ‘linguistic turn’, towards modes of scientific commu­
nication and analysis of discourse. Literary and taped sources are 
taken as data, and claimed to be more ‘objective’ than the partici­
patory impressions of the ethnomethodologist. Again there is a 
parallel with social anthropology, where symbolic meaning anal­
ysis has given way to structural analysis of discourse — reported 
and repeated myths, rather than interpreted ritual behaviour be­
come the basic data.

What unites such diverse studies is the search for elaborated 
structures of meaning or text, the elucidation of which demands 
neither reference to an ‘external natural world’, nor further ex­
planation. They are seen as being ‘for the mere pleasure of affirm­
ing themselves’. The methodology may be more or less positivist 
or more or less historical, but the epistemology of science is gen­
erally constructivist. There is an abundance of phrases like fact 
construction”, “persuading [scientists] to consider certain pro­
positions as factual descriptions”, and “negotiation of reality ?6 
There is general repudiation of the standard philosophy of science 
and of scientific realism as misleading distortions of scientific prac­
tice. There is much discussion of scientific artefacts, public rhetor­
ic, power struggles within the laboratory, and between laboratories 
and funding agencies, and the false consciousness said to be associ­
ated with an ideology of positive knowledge.
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If we look at scientific institutions from a more macroscopic 
standpoint, however, this embattled and incestuous picture of the 
sciences (as akin to the asylum and the prison) can surely not be 
the whole story. Woolgar17 rightly complains that the latent aim 
of constructivist sociology of science seems to be to debunk or 
demystify science with political purposes in mind, and that if this 
is the case, the aim should be made explicit and pursued positively 
instead of by default. And Collins18 reports the objection to con­
structivist studies that they are a prescription for anarchy in sci­
ence. If this objection is to be overcome, there need to be more 
studies of both the manifest and latent functions of scientific in­
stitutions. These will have to take positive account of their overt 
ideology and its successes, as well as more latent functions that are 
deviant relative to these. Some of the papers in Science Observed 
begin to provide such explanations. Let us look at two of them.

Still in the constructivist vein, Knorr takes biological evolution 
as the most useful analogy for knowledge production. Just as evo­
lution shows how creation and progress emerge out of nothing by 
chance mechanisms, so “it is the thrust of the constructivist con­
ception to conceive of scientific reality as progressively emerging 
out of indeterminacy and (self-referential) constructive operations, 
without assuming it to match any pre-existing order of the real”.19 
Science as it were ‘secretes’ a continuously increasing number of 
entities and relations which constitute the constructed natural 
world as a cultural object. There are no criteria of selection to be 
drawn from any fixed scientific method, for method also evolves 
with world view, and the criteria of success are themselves subject 
to chance development.

Knorr’s conception of the construction of new scientific enti­
ties is perhaps more relevant to certain forms of advanced science 
than to the mundane process of finding reliable empirical general­
izations. Even so, it is ambiguous. It may refer to the undoubted 
fact that new entities are literally created - new strains of bacte­
ria, new synthetic substances, new elements and isotopes. But the 
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locution of ‘construction’ is intended to suggest something epis­
temologically more obscure — namely the creation of entities in 
thought, not in reality, and the claim that these then constitute 
‘our’ world. This is a conception that may on the face of it apply 
to the proliferation of ‘entities’ in fundamental physics or cosmol­
ogy (quarks, black holes ...), but there is still ambiguity. Postula­
tion of a hypothetical entity in a scientific theory may be con­
strued more realistically than Knorr allows. Particle models and 
the like may be taken as ways of expressing lower-level generaliza­
tions, and whatever may be the case with the particles themselves, 
generalizations are intended to state real relations between observ­
able objects, and they are testable by traditional methods ot pre­
diction and experiment. As Duhem pointed out long ago, the 
elementary mathematical laws of light remain locally true whatev­
er model of light is proposed, and to this extent light particle or 
wave models do refer to reality as interpretations of real, though 
local, regularities.

But there is a more important objection to Knorr’s evolutionary 
conception, and that is that no analogue is proposed for the func­
tional criteria of ‘fitness’ or ‘selection by survival’. There is no 
close analogy between chance mutation and biological survival of 
the fittest here any more than there is in other theories of social 
evolution. Knorr rightly holds that scientific criteria of ‘success’ 
themselves evolve in history, but she is wrong to suggest that they 
evolve by chance. Their existence and development are socially 
mediated and socially explicable case by case, and no generalized 
model of chance mutation is sufficient for their explanation.20

With regard to the ‘overt’ scientific function of prediction and 
control, Knorr does indeed remark that this is expressed as a mani­
fest function by scientific practitioners themselves, and there­
fore forms one of the causal and functional bases of explanation. 
Latour21 gives a subtle illustration of this in his account of Pasteur 
and the problem of anthrax. He shows how Pasteur deliberately 
united the traditional methodology of the laboratory and applica­
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tions on the farm, by idealizing the problem of anthrax in the lab­
oratory, and then recreating these ideal conditions on the farm. By 
so doing, Pasteur effectively constructed anthrax as a scientifically 
and publically recognized problem, whereas before it had been no 
more than a fact of life - a social plague about which no problem 
arose because in the vast variety of circumstances where anthrax 
struck, nothing could be done.

There are constructivist overtones in Latour’s paper, for exam­
ple the suggestion that what counts as ‘success’ in treatment of 
anthrax is a statistical artefact. But there are also implicit presup­
positions of realism. Anthrax was a collective name for killing and 
uncontrollable diseases; their incidence was eventually reduced 
and controlled. To claim that what was regarded as disease was it­
self constructed would be like claiming that the fact that bodies 
fall is an artefact of Galileo’s idealized thought experiments and 
some invented laws of mechanics.

It is perhaps appropriate to call studies like Latour’s neo-func- 
tionalist. In sociology pure functionalism has been found unsatis­
factory, but usually for reasons that apply rather to magical and 
religious than to scientific systems. There have been objections to 
postulating latent purposes for societies as such which are not the 
manifest purposes of any of the individuals concerned. It has been 
objected that the identification of these social purposes as stabil­
ity, survival, and the like, puts a premium on conservative values 
and neglects the facts of social conflict. But in the case of science 
the first objection does not apply, since the overt purposes of at­
taining objective knowledge of nature cannot be excluded from 
explanations as unintelligible, as can the expressed rationale of the 
rain dance or the ritual murder of the king. As we have seen, the 
‘received ideology’ must usually be taken as part of the functional 
explanation, and studies like Latour’s show how intimately con­
nected are manifest and latent functions in real scientific case his­
tories. It may be true to say that the farmers, the media, the Gov­
ernment, were manipulated by Pasteur by appealing to their own 
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interests and motivations which were not those of technical sci­
ence, and Pasteur’s own motivations may have been less than pure­
ly scientific. Nevertheless, the function of successful prediction 
and control was served, and Pasteur appears to us as a scientific 
genius because our society makes this function relatively manifest, 
and generally speaking approves of it.

In respect of the objection that functionalism presupposes a 
conservative mode of explanation, it can hardly be said that the 
manifest purposes ascribed to science in our society favour predic­
tions of stability and survival. Even apart from the threat of sci­
entific holocaust, the official ideology of science is one of conti­
nual testing, change and progression, and in spite of the deviations 
from this ideology documented by sociological study, it has fre­
quently been subversive of tradition and prejudice.

In the case of scientific institutions and practices, therefore, 
there seems little reason to reject a general torm of functionalism 
that asks for explanations in terms of manifest purposes, as well as 
the unforeseen causation and latent mechanisms of social evolu­
tion. In the sociology of Western societies, overt statements of in­
tention must sometimes be taken at face value, that is, actors and 
symbolic action models, constructivism and functionalism must be 
combined as appropriate in particular cases. Indeed the symbolic 
action model as I have described it is not inconsistent with most 
other models in sociology of knowledge under suitable conditions 
of application. It can even incorporate rational action and realist 
models of scientific belief in two sorts of circumstances: (a) when 
actors themselves defend their actions on one or more of these 
grounds, and (b) when de facto adoption of ‘scientific rationality’ 
by actors (even if not explicitly) can be explained in institutional 
terms by critical methods such as functionalism or structuralism. 
The important ideological conflicts between types of explanation 
in the sociology of scientific knowledge are not now between 
rationalist and symbolic action models, but are rather concerned 
with the balance between actors’ accounts and micro-ethnometh­
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odology on the one hand, and macro-explanation by external so­
cial and psychological causes on the other.

What, then, are the characteristics of a socialized epistemology. 
We may draw three conclusions from this survey of recent work: 
(i) Where a system of knowledge or cognitive belief is either ac­
cepted (as in our own science) or claimed to be cognitive in other 
cultures or by subgroups in our own culture, there can be internal 
epistemological study of the relations claimed to hold between 
data, theory and conceptual frameworks, and external explanation 
of the genesis of concepts and methods, and of the goals and inter­
ests served by the cognitive system. These tasks of a socialized 
epistemology may be carried out in relation to any socially recog­
nized cognitive system, and depend on the fact that any social sys­
tem is held together by some set of social rules or norms.
(ii) ‘Cognitive systems’ can be defined sufficiently widely to cap­
ture all symbolic systems or ‘models of the world’ that are exhib­
ited in mimetic ritual or deveioped for technical and social pur­
poses.
(iii) The modes of explanation of natural science in a socialized 
epistemology need not be the methods of positivist science itself, 
as is assumed in some versions of the strong programme. The 
whole range of models exploited in general sociology and social 
anthropology is available, and has been used in recent studies — 
from the microsociological point of view: the actors’ model, the 
rational action model, and ethnomethodology; from the macro- 
sociological point of view: various types of functionalism, evolu­
tionism, and structuralism. There is no single ‘correct’ model, only 
models that are more or less useful and more or less illuminating in 
particular cases.

University of Cambridge
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THE GOALS OF NATURAL SCIENCE

l.THE BEGINNINGS: BABYLONIA

If one searches in the ancient world for the first traces ol what one 
could in some plausible sense call science, attention immediately 
focusses on two regions, Babylonia and ancient Greece. Historians 
have put forward priority claims for each of these areas as the orig­
inal cradle of science.

The Babylonian side of the story can be said to begin some­
where about the time of Hammurabi in the 18th century B. C. Ac­
cording to the cuneiform tablets, the Babylonians believed that 
the gods communicated to men by means of omens, both in the 
sky and on earth.1

The typical omen will specify a celestial configuration and then 
go on to associate with it some significant event on earth. “If the 
stars of the True Shepherd of Anu (i.e. Orion) scintillate, an im­
portant person will become powerful, and commit evil deeds.” 
There is no record, however, in this early period of actual observa­
tions.

The omen texts made no attempt to predict when the celestial 
Phenomena would occur. They just specified: when the following 
celestial configuration occurs, expect such-and-such to happen on 
earth. Nevertheless, the diviners whose responsibility it was to in­
terpret, extend, and hand on the texts must have been alert to 
changes in the sky.

The great period in Babylonian astronomy comes quite late, 
during the Seleucid era from 250 B. C.-50 B. C. At this point, 
astronomy became fully predictive, utilizing mathematical tech­
niques developed a millennium and a hall before,2 and drawing 
(presumably) on a tradition of planetary and lunar observation

27

!mre Hronszky Marta Feh^r and Balazs Dajka (eds), Scientific Knowledge Socialized, 
27-58.
© 1988 by Akaddmiai Kiadd, Budapest, Hungary.



28 ernan McMullin

that by then spanned several centuries. No attempt was made to 
follow the path of the planets in the sky. Only the ‘significant’ 
moments were treated, namely the first appearances of the planets 
over the horizon, the last sightings, and the stationary points; it 
seems plausible to regard this restriction as an echo of the omen 
tradition in which these and only these moments were singled out.

The goal of Babylonian astronomy was prediction, nothing 
more. One can see easily enough how this goal might have been 
linked to an earlier set of questions the diviners would have wres­
tled with. They would have wanted to know in advance when the 
omen events were likely to occur. The desirability of such knowl­
edge must have been evident long before the techniques for its 
realization gradually began to be forged. Indeed, what strikes us 
now is the length of time it took for this to happen. Desire, need, 
interest, is obviously not enough.

What the diviners would not have asked was why the heavenly 
bodies moved as they did. If the sky is a celestial message board, 
the actual movements of the moon and planets are not significant. 
Only the configurations at the ‘message’ times count. Perhaps this 
may help to explain why the astronomers of Babylon apparently 
never sought the causes of the planetary motions, even in contexts 
— think of the lunar eclipse — where a causal understanding would 
have aided in prediction. If their astronomy is to count as science 
— and that too is a question they would not have raised - it must 
be on the score of its predictive power, its observational basis, its 
computational techniques. It has no theoretical dimension as nat­
ural science; it makes no attempt to explain why the celestial bo­
dies move as they do.3

Let us call this sort of system a P-science. Its goal is to organize 
phenomena as economically as possible with a view to exact pre­
diction. Predictive accuracy and operational convenience are, 
therefore, the criteria upon which it is to be judged. Its predictions 
in turn may serve practical ends, so that P-science is likely to have 
a practical as well as a cognitive goal.
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2. THE BEGINNINGS: GREECE

We can turn now to more familiar ground. At a time when the Ba­
bylonians were still scrutinizing the skies for omens of what the 
gods would bring about on earth, their neighbours to the West 
were beginning to do almost exactly the opposite. They were for­
mulating connected notions of nature and of cause which would 
make the world intelligible in its own terms. No message from the 
gods would be needed; their intervention in the affairs of men 
would not be excluded but would effectively be minimized. 
Things have a nature, a regular mode of acting, and a properly 
conducted inquiry can reveal the principles of this nature. The 
goal of such an inquiry is to understand the nature, to grasp why 
the changes in question occur as they do.

The political life of the Greek city-state, historians remind us, 
was such as to favour open and critical discussion. Opinions were 
challenged; grounds were sought for disputed views. Radical polit­
ical debate led to the questioning even of the most fundamental 
religious beliefs. The outcome was occasionally scepticism but 
more often a sophisticated appreciation of the argument struc­
tures appropriate to the claim being made. The topic of argument 
itself, dialectics, came to be discussed at length. Lloyd remarks 
that philosophy and science “can only begin when a set of ques­
tions is substituted for a set of vaguely assumed certainties , and 
so “they may be represented as originating from the exceptional 
exposure, criticism and rejection of deep-seated beliefs”.4 The 
dominant question becomes the epistemological one: What kind of 
knowledge can you claim?

The distinguishing mark of science, as the Greeks came to de­
fine it, was thus the quality of the knowledge it embodies. Epis- 
teme is the best in the way of knowledge that can be attained. 
Aristotle saw no reason why it could not be eternal and necessary 
as geometry seemed to be”, and so the ideal of a definitive science 
of nature was bom. Such a science would be demonstrative. It 
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would rest on premisses intuitively grasped as true, and proceed by 
deductive rule. The first explicit goal is therefore certainty; though 
the scientist must make use of dialectical reasoning along the way, 
there is no place for it in the finished structure of the science.

The second characteristic of science is to be its search for causes. 
Historians have noted that the Greek term, ‘aitia’, which came to 
have the quasi-technical meaning among philosophers of cause, 
was originally a term denoting personal responsibility. To ask for 
the aitia of an action was to ask: who is responsible for it? In cer­
tain contexts, it could mean: who is to blame? who is guilty?5 The 
conviction that had animated Ionian science was that every event 
has a cause, or as Leucippus put it: “Nothing comes to be at ran­
dom, but everything for a reason and by necessity.”6

Aristotle’s doctrine of four ‘causes’, or four complementary 
ways of explaining change, is too well known to need comment. 
“The causes being four”, he remarks, “it is the business of the 
physicist to know about them all”.7 The goal of natural science 
is thus to grasp the causes of change, to explain it in terms of one 
or other of the four canonic patterns of explanation. I will call 
Aristotle’s ideal natural science a D-science. Its goal is a knowledge 
of causes where knowledge is construed as demonstration and 
causes are thought to be directly grasped.

Prediction plays no particular role in a D-science. Testing is not 
needed, since the premisses are intuitively seen to be true once 
their constituent concepts are grasped. Of course, if the nature of 
a being is understood, one will be able to ‘predict’ what the nor­
mal activities of that being will be. But this is prediction only in a 
very weak sense. There is no suggestion that a goal of the science 
is to enable us to discover some outcome we would not otherwise 
have known. The goal is contemplative, a theoria, not in the sense 
of being constructed in isolation from experience (Aristotle’s D- 
science is construed as resting directly upon experience), but in 
the sense of its being an intellectual grasp, an understanding, of 
some part of nature.
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Did Plato and Aristotle ignore the claims of P-science entirely? 
The astronomy of Plato’s contemporaries had not yet really attain­
ed any predictive power, so the question did not perhaps arise for 
him directly. His treatment of observational astronomy is, never­
theless, quite puzzling. According to Simplicius, he is willing to 
allow that astronomers may “save the phenomena by using com­
binations of circular motions”.8 But in the Republic he appears to 
contrast this sort of astronomy with what he somewhat myste­
riously calls ‘real’ or ‘true’ astronomy.9 Observational astronomy 
cannot qualify as knowledge, he insists: “If anyone tries to learn 
about the things of sense, whether gaping up or squinting down, I 
would never say that he really learns; for nothing of the kind ad­
mits of true knowledge.”10 Even though the stars and planets are 

the fairest and most exact of material things”, “we must recog­
nize that they fall far short of the truth, the movements namely 
of real speed and real slowness in true number and in all true fig- 
ures ... These can be apprehended only by reason and thought, not 
by sight”.11 Predictive astronomy can at best serve only as pro­
paedeutic.

Does Plato really seek an astronomy which would not rest on 
sense observation? Or is he only saying that reason has to con­
tribute the geometric figures in terms of which the observations 
can be converted into a proper science? His pupils appear to have 
taken him in this latter sense, but the texts we have are at best 
equivocal. And his assertion that it is pointless for the observation­
al astronomer “to strive to determine the truth (about the stars) 
by every possible means”12 suggests that he had failed to grasp the 
importance of the highest standards of observational accuracy at­
tainable. All in all, then, it seems fair to conclude that Plato’s 
views on sense knowledge blocked him from taking seriously the 
notion of a ‘science’ which would have empirical accuracy as a pri­
mary warrant.

Aristotle made a more successful effort to incorporate the trou­
blesome science of astronomy in his account of natural knowl­
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edge but in the end he failed also. He devotes a chapter in the 
Physics to the differences between the physicist and the mathema­
tician, and gives over astronomy to the mathematician. Thosedis- 
ciplines which make use of mathematics in their discussions of na­
ture - he lists optics, harmonics, and astronomy - are he says, 
the “more physical of the branches of mathematics”, not (as 
one might have expected) the more mathematical parts of physics. 
Since they draw their principles from mathematics, they pertain 
more properly in his view to mathematics than to physics. And 
since he is insisting on a fundamental distinction between physics 
and mathematics on the score of (among other things) their differ­
ing levels of abstraction from matter, those disciplines which use 
mathematical methods in discussing physical topics seem not to fit 
properly anywhere in his scheme of the sciences.1 They seem to 
be uncomfortably intermediate, ‘mixed’ or ‘middle’ sciences as 
they will come to be called later.

But where does this leave his physics? Is he interdicted from us­
ing mathematical concepts in it? It does not seem so; they occur 
frequently in the pages of the Physics and the De Caelo. And he 
himself remarks that it would be absurd for the physicist to try to 
discover the natures of the sun or moon without taking into ac­
count their spherical shape.15 Yet if he cannot incorporate the 
results of mathematical astronomy into his account of the planet­
ary motions, what sort of science can he have? It is at this point 
that the tensions between P-science and D-science come fully into 
view,

Aristotle derived his astronomy mainly from Eudoxus (c. 408- 
355 B. C.) who was the first to try to account for the paths of the 
sun moon, and planets, in terms of combinations of circular mo­
tions It seems unlikely that Eudoxus ever succeeded in using this 
ingenious model to predict, except in a very rough way.16 But 
what he did succeed in doing was to suggest a mechanism whereby 
the complex irregular motions of sun, moon, and planets might in 
a general way be understood.17
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Aristotle took over the system of Eudoxus as amended by Cal- 
lippus,18 and tried to unify it into a single dynamic system. He ob­
viously thought that the enormous increase in complexity he was 
proposing was offset by the unification of the system into a single 
mechanism, and by the promise this gave of a complete mechanic­
al explanation.

A mechanical explanation tracing all motion upward to a First 
Mover could not, in fact, work.19 Perhaps this is why Aristotle in 
the Metaphysics tries a quite different model in which motion in 
the celestial realm is brought about not by contact but by desire, 
and a separate Unmoved Mover is associated with each sphere, the 
sphere itself being assumed to be capable of desire.20 This repre­
sents, once more, an enormous increase in complexity over the 
simple cosmology of the Physics which terminates tidily in a single 
Mover for the cosmos as a whole. One can see how high a price 
Aristotle was willing to pay for a model that, at least in principle, 
could actually explain21 why the system worked as it did, even 
though the style of explanation used had to be an unhappy blend 
of the mechanical and the teleological: “only thus is it possible for 
the whole system to produce the revolution of the planets”.22

Aristotle seems to have been aware of the limitations of the 
awkward union he was attempting between (in our terms) D-sci­
ence and P-science. A D-science ought to ‘conclude with neces­
sity’. But how could a model that depended on the cumulative 
results of observation as well as on the ingenuity of the geometer 
ever do this? In his own count of the spheres, after proposing 55 
as the total and then adding a proviso that 47 might do, he con­
cedes that this is only ‘probable’: “the assertion of necessity must 
be left to a more powerful thinker.”23 And then with a return to 
his characteristic confidence, he adds: whatever the number of the 
spheres, this must be the number of Unmoved Movers. And since 
all movements must trace back to such Movers, “the end of every 
movement will be one of the celestial bodies which move through 
the heaven”.24
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This is an enormously ambitious claim. In retrospect, it is easy 
to see how vulnerable it was, and just why it was so vulnerable. 
The explanations it suggests had an intuitive plausibility to them: 
after all, contact action and response to desire are the two sources 
of motion we can most easily identify in everyday life. But there 
was no real testing of the insights; there was no way that a pro­
visional insight could be systematically evaluated; there was no 
source of insight save ordinary mid-level human sense experience. 
In consequence, when there was a conflict between the findings of 
D-science and P-science, there was no way to arbitrate. Aristotle 
had found a temporary way to patch the differences. But it could 
last only until P-science developed sufficiently for it to become 
impossible for even the most ingenious D-scientist to hook the 
two together.25

3. A SCIENCE OF ASTRONOMY?

Over the next few centuries, progress in astronomy was slow be­
cause of the difficulties in making and compiling observations of 
the accuracy required, and even more because of the daunting 
complexity of the spherical geometry needed to bring the ob­
servations into a single order. The most significant development 
was the introduction by Apollonius and Hipparchus of two alter­
natives to the concentric geometry of Eudoxus. These were the 
eccentric and the epicycle,26 each of which employs two uniform 
circular motions instead of one, so that there is a second center of 
rotation in the system, a mathematical point-center of no appar­
ent physical significance. Their main advantage was that they al­
lowed the distance and hence the brightness of the planets to vary 
periodically, which the concentric model did not. Since the bright­
ness variations were known, even in Aristotle s time, this failure of 
the concentric model came to be recognized among astronomers as 
a major fault of the Aristotelian system.27
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By this time, the tensions between D-science and P-science were 
coming to be noted. Writing in the 1st century B. C., Geminus 
asserts that it is physics that reaches the truth of things. The as­
tronomer can only construct hypotheses to save the phenomena: 
he cannot ask questions about causes. Epicycles and eccentrics, 
though geometrically different, can be used equally well to pre­
dict. The inference is clear: the geometrical models of themselves 
are means of prediction only.

The tension came to a head, finally, in the work of Ptolemy, the 
great Alexandrian astronomer of the 2nd century A. D.,in whom 
the full traditions of Babylon and of Greece were finally to meet, 
and who made the most sustained attempt to blend them. In the 
preface to the Almagest, he draws a quite new distinction between 
physics and mathematics. Physics has to do with the realm of the 
corruptible and the qualitative and can thus yield only conjecture, 
not a full understanding. Mathematical science treats of the quan­
titative aspects found in all things and capable of abstraction from 
the sensible order.

He thus reverses the order given by Geminus: now it is to ‘math­
ematics’ that we look for the truth of things. But, of course, it is 
to a ‘mathematics’ greatly enlarged, so enlarged that it would in­
corporate much of the physics of Aristotle. In Book I of the Alma- 
gest, for example, Ptolemy gives a set of proofs of the immobility 
of the earth at the center; they are similar to those given by Aris­
totle in the Physics, but they are evidently taken here to pertain to 
mathematics’.

But can this sort of proof give the kind of certainty that D-sci­
ence can? Ptolemy acknowledges that it cannot, but he is obvious- 
ly convinced that this is the best that can be done in the under­
standing of the heavens. A summary outline of the ‘hypothesis’ 
of the earth’s immobility will suffice, he says, because it and his 
other basic hypotheses
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wiU be completely confirmed and further proven by the agreement with the phenomena 
of the theories which we shall demonstrate.38

This is a long way from D-science. Here it is the predictions that 
carry weight.

The causal character of D-science has also had to be sacrificed, a 
much more serious loss. Though he frequently says that the circul­
ar motions he attributes to the planets are by nature , his epicy­
cles had no plausible causal interpretation. Further, he had to place 
the center of the planetary deferent circles at an eccentric point 
away from the earth, and worst of all, suppose that the motion of 
the center of the epicycle on the deferent circle is non-uniform, 
thus giving up the last remnant of the uniform circular motion on 
which the old D-science of astronomy had been built. By the time 
the last book of the Almagest is reached, Ptolemy is pessimistic 
about the cost in terms of simplicity and of causal plausibility that 
the predictive criterion of saving the appearances has entailed.30

So we are back to pure P-science again, one that, as Ptolemy in­
sists, does give us a truth about things, even though the claim to 
explanatory power has been virtually abandoned. There are no 
carrying spheres, only circular motions, some of them of imagin­
ary points or around imaginary points. The phenomena have been 
saved,31 but the devices used cannot be interpreted causally. And 
the only available causal system, that of Aristotle, has been refut­
ed, since it has failed to save the phenomena. From Ptolemy’s 
point of view, one is not at liberty to use both systems, one for 
prediction and one for explanation; the concentric model is simply 
wrong on his criteria.

For Averroes, Aquinas, and other medieval thinkers who dis­
cussed this discrepancy, what made it especially difficult to allow 
that physics could learn from astronomy was their clear percep­
tion that in astronomy one had to argue from effect back to cause. 
In such an argument, as Averroes put it, “the principles are hidden 
from us (and) are in no way necessitated by the known effects”.32
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But this is incompatible with that other feature of D-science the 
demand that inference be demonstrative, that it procee rom 
cause to effect. “In Astronomy”, Aquinas remarks m the Summa 
Theologica:

We account for epicycles and eccentrics by the fact that we can save the sensH app ar- 
ances of the heavenly motions by this hypothesis. But this is not a rea^°ba ™ 
son, since the apparent movements can, perhaps, be saved by means of some other hy­

pothesis.33

What is striking to us now as we look back at the long record of 
astronomy between Ptolemy and Galileo is how little the natural 
philosophers worried about the fact that their spheres lacked any 
sort of predictive force and how little concern the astronomers in 
their turn showed about the fact that their epicycles were incom­
patible with the causal principles of the best physics of the day. It 
was not as though the philosophers could have been unaware ha 
a true account of the causes oug*r also to be predictive or that 
the astronomers cou!d have been indifferent to whether their geo­
metrical models represented real motions or not- But each side 
bracketed the awkward questions, and went about its own bust- 
ness, as professionals are supposed to do.

4. THEORETICAL SCIENCE

I am going to proceed immediately now to the denouement you 
have been expecting, the coming together of explanation and pre­
diction in the new science of the 17th century. Focussing on as­
tronomy first, four stages can be distinguished. First, Copernicus s 
astronomy was still caught in the Ptolemaic dilemma: it predicted 
planetary motions, Wt did not explain them causally. And Coper­
nicus was not willing to acctept the fictionalist status for his as­
tronomy that so many of Ms predecessors had settled for Though 
his system had clear explanatory advantages over that of Ptolemy,
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he could not give a causal interpretation of the epicycles he was 
still forced to use. Nor could Galileo, who though he had success­
fully undercut Aristotle’s physics, had not yet been able to fashion 
an alternative causal account of his own. His union of celestial 
with terrestrial physics gave every reason to expect that the long 
separation between physics and mathematical astronomy was over 
But it must have seemed hopeless to try to explain epicyclic mo­
tion causally if even the simplest notions of fall were as yet only 
described, not accounted for in causal terms. It was unclear to 
Galileo how causal explanation should proceed in mechanics, so in 
the interim he built his kinematics without it.

It was Kepler who finally did away with the epicycles and the 
eccentrics, and the mathematical construct of a ‘mean sun’ which 
Copernicus had been forced to postulate as the center of his plan­
etary system. By showing that the planetary orbits were elliptical 
he made it plausible that a single sort of causal action centering in 
the sun might be responsible. And it was Newton, of course, who 
carried this speculation through to the level of science But what 
kind of,science? Something of the old ambiguity still remained. 
Newton s celestial mechanics was assuredly predictive But was it 
explanatory?

Many of his critics did not believe it was. They argued that his 
concept of attraction did not really explain why the planet circled 
the sun. Berkeley was convinced that the new mechanics was a P- 
science, no more: it gave no causal understanding of motion at all 
in his view. Even Newton himself in the Principia asked the reader 
to ay aside the question as to what sort of causes these attractions 
were and to focus on the descriptive mathematics he had provided 
tor the motions. We know enough of Newton’s own thinking 
however, to be sure that he did take his dynamics to provide a 
causal account even though he realized fully well that his forces 
could only be specified through their effects.34

If the only natural sciences were mechanics and astronomy it 
would be hard to decide what sort of science resulted from the 
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union in Newton’s Principia of the two disparate lines going back 
over the centuries to Babylonia and to Greece. But fortunately 
there were other natural sciences even in the 17th century, and it 
is much easier to decide in the case of the others what the goals of 
the new science would be and how they relate to those of the D- 
science and P-science that preceded it.

Let me retrace my steps just a little first. The reason that nat­
ural philosophers in the Aristotelian tradition had tended to regard 
the epicycles of Ptolemy as fictive practical devices was not merely 
because they were arrived at in hypothetical fashion or because 
they were thought to be predictively equivalent to other possible 
geometrical models. It was because they were incompatible with 
what was thought to be the true explanatory account, the D-sci- 
ence of concentric spheres.35 Nevertheless, it is true to say that 
it was in astronomy that the issue of the validity of arguing from 
effect back to cause in a hypothetical way was most squarely 
Joined, as the famous texts in the Posterior Analytics about the 
nontwinkling character of the planets and the manner of waning 
of the moon already indicated right at the beginning of the story.

The more general issue of ex supposition (or hypothetical or 
consequential) reasoning was extensively debated throughout the 
Renaissance. But what blocked any sort of resolution was the 
fixed presupposition that somehow the equivalent of a demonstra- 
fion had to be reached, that the regressus from effect to cause 
roust be made to yield the sort of certitude one could immediately 
have in a propter quid argument from causes to effect.

The turning-point may be said to have come with Descartes. His 
experience with such sciences as optics, meteorology and physiol­
ogy, convinced him, to quote the famous lines from the Discourse 
°n Method, that:

Ihe power of nature is so ample and so vast, and these principles (of my science) so 
simple and so general, that I almost never notice any particular effect such that I do not 
sce right away that it can be derived from those principles in many different ways.36
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Since each of these different ways yields a different cause, de­
monstration is impossible. This conclusion was reinforced by the 
theological voluntarism which led him (as it had done many earlier 
thinkers) to assert that God could have brought about the effects 
we perceive in an infinity of causally different ways. What, then, 
was to be done?

I know no other expedient than again to search for certain experiments which are such 
that their result is not the same when we explain the effect by one hypothesis as when 

we explain it by another.37

Bacon had already shown in much more detail in the Novum 
Organum how this sort of systematic experimental testing of hy­
potheses might be carried out. And as the century wore on, this 
method of working back from effect to causal hypothesis, which 
is then tested by drawing consequences that can be observationally 
checked, became more and more the norm in optics, in chemistry, 
in the physics of gases, and elsewhere.

But there were two reasons, in particular, why the method of 
hypothesis was gradually recognized to be required, why the hesita­
tions of the centuries on the part of those who held out for a de­
monstrative science were now so firmly set asid$. The first was the 
telescope, an almost accidental discovery, accidental at least in its 
timing relative to other developments in thought at the time. It 
raised issues about the nature of distant objects, like sunspots or 
comets or lunar shadows, which could not possibly be handled in 
any other than a hypothetical way. The conditions for an Aristote­
lian D-science clearly could not be realized, since an intuitive grasp 
of these distant natures could in no way be attained. Only a hy­
pothetical argument, tested by the predictions drawn from it, and 
not by any quality of self-evidence or perceived necessity, would 

SUffiCB. • ,K U J
Even more fundamental was the almost universally shared con­

viction that the perceived qualities of things had to be explicable 
in terms of minute corpuscules, themselves imperceptible to us. It 
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is not easy to explain just why this corpuscular philosophy so 
quickly took hold in the 17th century, since it had as yet (and 
indeed for a long time to come) no really testable consequences. 
But the success of the new mechanics made it plausible that if the 
macro-properties of bodies were to be explained at all, it wou 
have to be by postulating an ‘invisible realm’, as Newton called it, 
whose properties and motions accounted for the perceived qua 1 
ties of things and thus made them in an ontological sense second­
ary. It was evident to all that this realm could only be approached 
by the tentative methods of hypothesis testing. And to the more 
empiricist-inclined philosophers like Locke, it seemed as though 
the prospects of this yielding much in the way of knowledge, were 
not bright. ., , _

What we have in the making here is, of course, a new ideal of 
science. The goal can still be expressed in Aristotle’s phrase as a 
knowledge of causes’, but there are two crucial modifications, one 
in the term ‘knowledge’ and one in the term ‘cause’. The knowl- 
egde that science yields is no longer viewed as demonstrative, as 
definitive, as necessary. It is probable, fallible, dependent upon 
continued testing. True, this will continue to be disputed until well 
into the 19th century, not least because Newton’s mechanics 
seemed to many to provide at least one instance of an old- as 
ioned D-science. But the notion that testing is needed, and thus 
that prediction is now a necessary part ot science, was grasped, 
am tempted to say once and for all, already in the 17th century. 
No longer could prediction and explanation be sundered as they 
had been for so long. Now the main testimony of an acceptable 
explanation will be precisely its ability to predict, that is, to entail 
testable consequences. Note that this was an empirical discovery; 
it had to be shown that a science fully joining the goals of explana­
tion and prediction was possible. It could plausibly be argued that 
this was one of the most revolutionary discoveries in that century 
of 'scientific revolution’.
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The transformation in the notion of cause was equally funda­
mental, but more ambiguous. Tracing observed effects back to 
causes not themselves observed required a theory, and in time the 
notion of a ‘theory’ came to mean primarily the product of this 
sort of retroduction from effect to postulated cause. The cause in 
such a case is defined by the theory, and its warrant is no more 
than, and no less than, the theory itself. The cause is thus what 
came later to be called a ‘theoretical entity’. The minute particles 
of the corpuscular philosophy would be ‘causes’ in that sense. 
They bring about, explain, cause, the observed effects. They are 
agencies postulated for the very purposes of explaining. They re­
semble, therefore, the efficient or agent causes of the Aristotelian 
scheme; where they differ is in being ‘hidden’, that is, not given in 
observation. They may be constituent parts of the entity whose 
properties are being explained, or they may be distant or imper­
ceptible entities like sunspots or ethers, whose nature or even 
whose existence can be inferred only in a theoretical or indirect 
way.

The notions of theory and theoretical entity are thus central 
to this newly emerging model of science, which we can call T-sci- 
ence. In T-science, the predictive power characteristic of P-sci- 
ence blends with the explanatory force characteristic of D-science. 
There can no longer be a science which merely predicts, or one 
which merely explains. If it predicts but without being able to 
specify a causal substructure, it may be useful but it is not science 
in the full sense. If it purports to explain but does not permit test­
able consequences to be drawn, there is reason to doubt the gen­
uineness of its causal claim.

When I say that the goal of T-science is a knowledge of causes, 
I do not mean ‘cause’ to be taken as Hume took it. Or if I were 
to say that T-science aims at theoretical explanation, I would not 
want ‘theoretical’ to be construed as ‘deductive-nomological’, to 
jump to the modern version of the Humean doctrine. What is 
wrong with that doctrine is that it does not do justice to the rich­
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ness of theoretical science, even the science of Hume s own day, 
let alone the immensely complex structural sciences that began to 
take shape in the 19th century.38

5. SOME MORALS OF THIS STORY

And now it is time to draw some morals from this long tale, mo­
rals that bear on my topic: ‘The goals of naturd science . But be­
fore I do, a few necessary clarifications first. When I speak of the 
goals of science, I am thinking primarily of science as an activi y 
on the part of a skilled community, not of science in its other, 
commoner, sense as a body of propositions set down m a textbook 
or research article. And I am taking the term, goal in both of the 
main senses of that slippery term. There are the goals (also 
called explicit or acknowledged), the goals that scientists expressly 
specify as the aims of their work. And then there are the actual 
goals which are embodied in the activity itself, somewhat as a 
telos was thought by Aristotle to be embodied in all natural mo­
tion. The ideal goals can be discovered from what scientists say, 
though there can be considerable disagreement within the com­
munity of scientists in regard to them. To learn the actual goals, 
one must scrutinize what scientists do, and try to determine rom 
the structure of the activity itself what would count as success in 
it, as 1 tried to do with Babylonian astronomy. There is room for 
disagreement regarding the actual goals of a particular instance of 
scientific activity also, mainly because different interpreters will
estimate success differently.

A striking feature of Greek science was the divergence between 
the ideal goals (as enunciated in the Posterior Analytics, for ex­
ample) and the actual goals of the enterprise so far as we can re­
construct it historically. But that sort of divergence is not peculiar 
to Greek science. One finds it again in the work, say, ol Descartes 
or Newton. Even today, we tend to distrust the pronouncements 
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of major scientists on the methods and goals of science, ‘distrust’ 
in the sense that their reflections do not always do justice (so far 
as one can tell) to what is actually going on in their laboratory 
or study. Einstein’s aphorism about watching what scientists do 
rather than listening to what they say, comes to mind, and is part­
icularly apposite, it happens, in regard to Einstein himself. His­
torians have to take into account both sorts of goals, and weave 
them together in one way or another in making sense of deep 
changes in past science.

And now, at last, for the morals of my story.
Moral 1: The goals of science have changed fundamentally over 

the centuries. What leads me to speak of change, rather than dis­
continuity or simple pluralism, is the underlying continuity pro­
vided by communities of scholars and researchers, formed by the 
same books, taught by the same methods, in active communica­
tion across space and time. When I say that the goals of science 
have changed, I mean that there has been a gradual evolution in 
method and expectation from one generation to the next, or 
sometimes within the same generation. What permits me to speak 
of science across all of these changes of the years, despite the wide 
differences between the aims of the Babylonian astronomer and 
those of the Florentine physicist, is that there is a living continu­
ous link across the centuries, as the communal activity of inquiry 
into nature is gradually transformed. To direct the same term, ‘sci­
ence’, to all of this diversity is not to render the term equivocal.

Moral 2: What brought about the changes of goal were for the 
most part reasons internal to the activity itself. One adopts a goal 
only if it appears desirable. One modifies it if it proves not to be 
achievable as it stands. One may not know that a certain activity 
is desirable.

But once the activity begins, and given the social and economic 
conditions that permit its continuance — a crucial proviso — what 
will mainly tend to modify it (so it would seem) will be discoveries 
made by the practitioners themselves. For example, it may gradu­
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ally be realized that the ideal goals that have been propounded are 
in fact not achievable as they stand. This is what happened w th 
science in the 17th century. The transition was very slow it was 
nothing like a Gestalt switch when it came. One finds scientists o 
the day living in both worlds, as it me.
elements of a T-science (as Galileo dtd m fields other than me 
chanics) yet speaking as though ™ iLd of deuce
could still be attained.” Some attempted thei old ideal of scwnc 
in one area, usually mechanics, while abandoning it in ot • 
Kant’s work provides perhaps the most staking example of this

of divided mind. In the Metaphysical Foundations ofNatura 
Science^ as close to a D-science of -chanics as anyone 
has ever done, while relegating such fields as chemistry the

in one area

sort

ly empirical of aP-science. wavs thatOr the goals may be modified by extending them in ways that
seem orofitable Ptolemy realized that the predictive goal of Ba- 

could be achieved in a different -V
era could establish continuous orbtts for the heaven y bod^d 
not just privileged points like risings and settmgs Thi™ 
use of more powerful geometrical methods replacmhe « 
and unexplained arithmetical computahon devicest of ^ece
sors But this began to shift the science in an explanatoiy, and 
timately a teoretical. direction since the orbits are Ureoretical 
entit es and questions immediately pose themselves about the re- 
X of tTe Paths attributed, as well as about the agencies involved 
m making the Planets follow the paths, questions that simply ne­
ver arose within the simpler perspective of Babylonia Again, in­
struments like the telescope and the microscope may be discover­
ed which open up a whole new realm of inquiry, an inquiry which 
cannot pX" be carried on in the traditional way. New or mod­
ified goals then impose themselves if the inqutry is to have an ac- 

“PX”his second moral timely is the tendency on me 
part of recent theorists of science" to argue that the goals ot sci­



46 ernan McMullin

ence, like the theories of science, are shaped by (and ultimately 
explainable in terms of) cultural and economic factors external to 
science understood in the traditional cognitivist sense. That such 
factors are important in this context cannot be gainsaid. We have 
seen that the origins of predictive astronomy lie deep in Babylon­
ian religious beliefs. The Babylonians were not originally interest­
ed in prediction but only in the correlating of certain celestial 
events with significant happenings on earth. Likewise, the initial 
attitude towards traditional beliefs in medicine and religion so im­
portant in the genesis of natural science in Ionia may well have 
been conditioned by political and social features of the Greek city- 
state. And the search for eternal and necessary truth that influ­
enced the formation of the ideal of D-science may well have been 
partly religious in origin.

But all this having been said, it is important to recognize that 
changes in these goals, once the goals themselves came to be artic­
ulated in a successful communal practice, seem to have been much 
more due to factors internal to that practice. There is no evidence 
that the formation of the T-ideal in the 17th century owed any­
thing in its content to cultural factors. I say ‘in its content’ be­
cause it is trivially true that the practice of science, then as now, 
depended on the socio-economic base of the society, as well as on 
the traditions of learning in that society. It was no accident, one 
supposes, that the North Italian city-states furnished a fertile 
ground for scientific activity during the late Renaissance. But this 
in no way implies that the content of science or the articulation of 
its goals derived in general in some differential way from one sort 
of cultural background rather than from another. We may want to 
say — indeed we must say - that the activity of scientists is causal­
ly related in all sorts of ways to broader psychological and social 
regularities. But this is not to hold that changes in the goals of that 
activity - Descartes’ adoption of hypothetical methods, for ex­
ample - can be explained by recourse to facts about French cul­
ture in the early 17th century.
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Moral 3: The goal of technical control played virtually no part 
in the origins of science. It is usual to point to the social separa­
tion between artisan and full citizen in the ancient Greek world, 
and to the craft mysteries which excluded outsiders from the 
secrets of the high technological skills already found not only in 
Greece but in at least as developed a state in many other parts 
of the ancient world. But the matter runs deeper than this. The 
Greek D-science did not depend for its warrant upon the test of 
consequences. And the gap between natural science, as Aristotle 
conceived it, and actual technological control was so great that the 
idea that one might actually inform the other simply would not 
have occurred to anyone. Of course, there were people like Archi­
medes and Hero of Alexandria whose inspiration was not Aristo­
telian. But in general, the structure of D-science was such that the 
supposition that its goals ought somehow to include control of 
Nature, if it were to make a genuine claim to an understanding of 
Nature’ a supposition that seems entirely plausible to us, was 
blocked right from the beginning.

There is a tendency sometimes among praxis-oriented contem­
porary writers to dismiss Greek science because of its being, as 
they say, ‘contemplative’ in its goal. This term can easily mislead, 
however. It is true that the ideal of theoria was knowledge for the 
sake of knowledge, for the pure pleasure of understanding. Aris­
totle argued (at times, at least) that understanding of this kind 
constituted the highest human goal, the goal that set man closest 
to the Divine.

But the further implication sometimes given the term that sci­
ence itself was thought of as an armchair study, as something to be 
pursued primarily by inward reflection, is of course false. Aristotle 
was nothing if not an empirically-inclined researcher, whether he 
was dealing with marine organism or with political constitutions. 
D-science was supposed to begin from premisses anchored by an 
intuitive grasp, an epagoge, of the concepts involved. But Aristotle 
made it quite clear, both in his discussions of method and in his 
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own practice, that such a grasp did not come easy, that it often re­
quired a long experience with the matter involved. We might criti­
cize him today for his failure to test some of the claims he made 
about specific nature. But we can only marvel at the breadth and 
intensity of his lifelong involvement in the most minute details of 
the natural order.

If the goal of technical control played very little direct role in 
the origins of science, what about the emphasis given it by such 
writers as Bacon in the 17th century? “The true and lawful goal of 
the sciences is none other than this: that human life be endowed 
with new discoveries and powers.”41 Here we have to be careful. It 
is true that Bacon hailed the promise of the new sort of knowledge 
for the improvement of the human condition, for undoing (in his 
view) the damage done to man by the Fall. It is also true that one 
of his strongest criticisms of the older natural philosophy was of 
its inability to produce any tangible fruits in the technical order. 
But he emphasizes more than once in the New Organon that in the 
order of the new science, understanding must come first.

Bacon believes that the process of inquiry may be distorted if 
too much emphasis is given too soon to matters of practical ap­
plication. Technical control is to be a consequence, and in that 
sense a touchstone, of the new science rather than a goal in its 
own right.

Furthermore, in a century so concerned with the phenomena 
revealed by the telescope, it would hardly have occurred to any­
one to make control a general goal of science, in the sense in 
which this is often done today.The phrase ‘prediction and control’ 
is dotted throughout the pages of neo-Marxist theorists like Ha­
bermas or sociologists of science like Barnes, as though somehow 
the two always go together. But scientists of Galileo’s generation, 
both in word and practice, made it clear that astrophysics (as we 
have come to call it) aims solely at an understanding of the phe­
nomena of comets or sunspots or novae. In no sense was it pur­
sued because of a hope of technological advantage.



THE GOALS OF NATURAL SCIENCE 49

It would only be in the 19th century that the new sciences for 
the first time began to fulfill the promise that Bacon had held out 
for them of guiding and accelerating technological change. It 
proved to be a far longer road from theoretical understanding to 
the details of the material processes that affect human life than 
Bacon or Descartes or the French encyclopedists had assumed it 
would be. In a real sense, it had to be discovered that it was pos­
sible. Though logic might suggest that a science tested by its con­
sequences ought to revolutionize a technology built solely on 
craft skills, there was nothing a priori about that happening in 
this particular possible world.

Moral 4'. Scientific rationality is discovered in the process ot 
attempting to realize the goals of science. It has become custom­
ary today to distinguish between ‘logicality’ and rationality , 
between the formal processes of deductive logic and the much 
broader repertoire of cognitive procedures that the scientist re­
quires. Rationality involves the assessment of the validity and 
significance of experimental evidence; it extends to such require­
ments as reproducibility and to such techniques as idealization. 
Above all, it requires the skills of theory appraisal, skills more akin 
to the discerning of a value than to the application of a rule. By 
now, I suppose, it would be generally admitted that the criteria in 
terms of which a theory is assessed, such criteria as predictive ac­
curacy, coherence, consistency, fertility, simplicity, do not func­
tion as an algorithm, as a set of rules of inference. This is what 
allows two sets of scientists looking at the same evidence - and I 
mean the same evidence - to support two different theories rela­
tive to that evidence.

Now all of this was already becoming evident in the 17th cen­
tury. Once one moves from the demonstrations of D-science or 
the mathematical predictions of P-science to the assessment of 
hypothesis characteristic of T-science, a new approach to evidence 
is needed. Indeed, something of this had been grasped long bet ore 
in the discussions of ex supposition reasoning during the medieval 
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period and in the rich tradition of analysis and synthesis going 
back to Aristotle himself. But it was only when hypothesis became 
the accepted method of working scientists that one begins to find 
detailed discussions of the criterion of simplicity or of the weight 
to be given to fertility, for instance. One finds them in Bacon, in 
Descartes, above all perhaps in Kepler, who in the Apologia Ty- 
chonis provided perhaps the most elaborate account of hypothesis 
assessment given by any working scientist up to that time, an ac­
count which derives almost entirely from his own practice.43

There has been much discussion in recent years as to whether 
the rationality of science changes over time, and if so, what this 
does to traditional claims for the objectivity of science. In The 
Structure of Scientific Revolutions Kuhn argued that the choice 
between competing paradigms “cannot be determined merely by 
the evaluative procedures characteristic of normal science, lor 
these depend in part upon a particular paradigm, and that para­
digm is at issue”.44 The implication of this is, of course, that the 
evaluative procedures of science change when paradigms change. 
In a later paper, however, he says that “the values deployed in the­
ory-choice are fixed once and for all, unaffected by their partici­
pation in transitions from one theory to another”.45 He allows 
that small variations may occur, but then goes on to make a strik­
ing comment:

Though the experience of scientists provides no philosophical justification for the values 
they deploy (such justification would solve the problem of induction), those values are 
in part learned from that experience and they evolve with it.

This comment enables me to situate my own position in regard 
to these values as well as to the broader rationality of which they 
are the key element. This rationality is learned by the experience 
of scientists, as Kuhn says, and as I have tried to illustrate here in 
detail. Furthermore, the evaluative procedures did change marked­
ly as the community of scientists moved from D-science to T-sci-
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ence, and later, as the new procedures were debated and tested out 
throughout the 18th and 19th centuries.

The values involved in theory appraisal and the rationahty ot 
which they form a part are in the end instrumental values, means 
to the ends science in general is expected to realize They are not 
ends in themselves. They can be justified only by the extent to 
which they further the goals that science is taken to aim at. An 
the justification here is in the first instance of a practical sort as 
scientists gradually learn how best to understand these epistem 
values, what relative weights to attach to them and perhaps what 
other values might also serve as a means to further these goals 

more effectively. , f ,
Does making rationality relative in this way to the goals of sci­

ence concede to the sceptical challenge of the social construc­
tionists or of Feyerabend? I think not. The goals of science hav 
developed, as we have seen, in a progressive and reason-giving way. 
They embody basic human interests: the changes, as we have seen, 
have come mainly from the realization that the goals would ave 
to be modified in order that something like the origin^ goa 
might still be achieved. The crucial point is that we can tell when 
ideal goals are being achieved or when actual goals are being more 
effectively reached than before. The goals of theoretical scienc 
have been more and more successfully reached, in their own tern s, 
from the 17th century onwards. This is the sort of warrant on 
which the rationality of science rests in the first place. But it 
its only warrant. And that brings me to.

Moral 5- The rationality of science can be philosophically justi­
fied. Here I disagree with Kuhn. What philosophers of science have 
laboured so long to show is that such values as fertility are an ap­
propriate criterion of theory. Their arguments are in a broad sense 
logical or epistemological. Whewell more than a century ago, made 
an elaborate theoretical case for the ‘consilience of inductions as a 
desideratum in evaluating theory at least as important as empnnc- 
al accuracy. What happens in philosophy of science reflects at the 
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second level what happens in science itself. That is, it is empirical­
ly discovered in scientific practice that certain kinds of evaluative 
procedures or of epistemic demands (like the reproducibility of 
experimental results) are effective in bringing about the broadly- 
stated goals of science. Then a theory of a philosophical sort is 
constructed to account for this. If the theory is a good one - and 
this raises further issues — it serves as an indirect and tentative jus­
tification of the practice itself.

In the end, then, historicism and logicism may still converge. We 
may still be able to construct a philosophy of science that derives 
both from the learning that has gone on in history and from a 
more general logical and epistemological framework. Logic or epis­
temology of themselves would never have had the resources to 
come up with anything like the complex and pluralistic scientific 
methodology that has characterized the natural sciences in recent 
centuries. On the other hand, that methodology is not just a con­
tingent empirical fact; it can be ‘explained’ in the rather special 
sense in which philosophical theory constitutes an explanation. 
There has been, of course, much disagreement as to what the best 
theory is here, a disagreement that has been particularly marked in 
the last two decades. But even the possibility of a good theory 
here would suggest that philosophy of science can take on a nor­
mative role as it surveys the diversity of historical and contempo­
rary scientific practice. I need hardly say how fragile a balance this 
makes between the historical and the logical, the descriptive and 
the normative. But one moral no one expects me to draw, I hope, 
is that philosophy of science ought to offer simple solutions.

You will have noted that I did not carry the historical story 
much beyond 1700. Were I to extend it as far as the present day, 
the principal development I would want to grapple with is the 
growth of questioning in our own century, from sources in phi­
losophy, in history of science, and from within science itself, in 
regard to theoretical entities. The outcome of such questioning 
could be a substantial modification in the goals of T-science, a 
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dilution of its theoretical component for some parts of science, 
like quantum mechanics, at least. In its most radical forms, as for 
example in classical instrumentalism or in the constructive em­
piricism recently proposed by van Fraassen, the distrust of theo­
retical understanding would lead us back to something very like 
the minimal goals of P-science.

There is no way to handle these issues without looking at both 
the practice of contemporary science and the objections brought 
against realism from so many different quarters. In his most recent 
work, Realism and the Aim of Science, Karl Popper has this to 
say: “The task of science, which is to find satisfactory explana­
tions, can hardly be understood if we are not realists.” Critics ot 
scientific realism have perceived this link quite clearly, and have 
argued either that explanations, so construed, is not in fact a pro­
per goal of science, or else that it does not furnish a sufficient war­
rant for realism. The debate has been an unsatisfactory one, not 
least because the term, ‘realism’, has proven almost infinitely elas­
tic. It is striking, for example, to find so many of those who begin 
by announcing that realism is dead ending with an ‘acceptable ver­
sion of the supposedly defunct doctrine...

I realize the hazards of drawing morals from history, as 1 have 
been doing, and the likelihood of finding there the morals one is 
predisposed to expect. But in the end, I see no better way to pro­
ceed The goals of any complex human activity are best graspe 
by recreating, as faithfully as one can, how that activity has taken 
shape.

University of Notre Dame
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1 See A. L. Oppenheim, Ancient Mesopotamia: Portrait of a Deal Civilization, revised by 
E. Reiner, Univ, of Chicago Press, Chicago 1977, pp. 207-208.
1 One of the oddest features of this story is that Babylonian mathematics attained its 
height in the very earliest period of which we have records (1800-1600 B. C.); no fur­
ther development occurred until the Seleucid era (300 B. C.-50 B. C.), when the needs 
of the new mathematical astronomy may have furnished the incentive for such improve­
ments as the introduction of the zero. Babylonian mathematics remained entirely arith­
metical in approach: problems (regarding areas, for example) that we would regard as 
geometrical were solved numerically. Two classes of tables are found. In one, a problem 
is formulated and the method of solution is carefully specified, step by step. In the oth­
er, a list of problems is given, usually arranged in order of difficulty. The test in each 
case is to find a number which satisfies certain conditions of an inheritance, of a division 
of land, or of an assignment of wages. A quasi-algebraic technique allowed, equivalently, 
the solution of quadratic equations for two unknowns. A generalized algebraic sym­
bolism was never developed. Though the problem types were practical in origin, it seems 
clear that the techniques had become an end in themselves for the scribal group specializ­
ing in mathematical problem solving. Neugebauer notes that the problems often “dis­
regard reality”. “It is a lucky accident if the unknown number of workmen, found 
by solving a quadratic equation, is an integer. Obviously, the algebraic relation is the 
only point of interest.” (O. Neugebauer, The Exact Sciences in Antiquity, New York 
1969.)
3 Aabae speaks of the “theories underlying the procedures” followed in Babylonian 
astronomy, and calls the ephemerides themselves “theoretical schemes” (‘Scientific 
Astronomy in Antiquity’, in The Place of Astronomy in the Ancient World, ed. F. R. 
Hodson, Oxford Univ. Press., London 1974, pp. 30, 35). He rightly wants to emphasize 
that the Babylonians understood the mathematical techniques they were using. Another 
procedure used by them was to note when a planet ‘repeated itself’. Jupiter, for exam­
ple, repeats itself every 71 years; what it did 71 years ago, it will do again this year on 
the same dates. So the record of the earlier year can be used to predict. But this, Aabae 
argues, is like the technique used in modern weather forecasting; it is ‘pre-scientific’ be­
cause it does not give us “control over the irregularities within each period”, and so ob­
servational records must still be constantly checked. A properly “scientific astronomical 
theory” is “a mathematical description of celestial phenomena capable of yielding nu­
merical predictions that can be tested against observations” (Op. cit., p. 23). In our 
usage, this is not a sufficient criterion for theory in a natural science such as astronomy. 
But it is sufficient for P-science.
4 G. E. R. Lloyd, Magic, Reason and Experience, Cambridge Univ. Press, Cambridge 
1979, pp. 265,266.
5 Lloyd, Op. cit.,p. 52.
6 Fragment 2.
7 Physics, II, 7; 198a 22.
* In Aristotelis de Coelo Commentaria, I. Heiberg, Berlin 1894, 253a 37-253b 2; 248b 
40-285a 1. There is some doubt as to whether Plato really would have allowed that the 
phenomena could be saved by any mathematical formalism. The phrase ‘saving the phe­
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nomena’ often identified with the Platonic tradition, is not found before Sosigenes, a 
philosopher of the second century A. D. Simplicius uses it very frequently, as a glance 
at the subject index in the Heiberg edition will show. D. R. Dicks laments the ambiguity 
of the phrase which, in his view, “has led to the misleading idea that the Greek astro­
nomers were concerned mainly with distorting the results of observation to make them 
fit into preconceived theoretical schemes” (Early Greek Astronomy to Aristotle, Thames 
and Hudson, London 1970, p. 258). In his book, Sozein ta Phainomena (To Save the 
Appearances, trans. E. Doland and C. Maschler, Univ, of Chicago Press, Chicago 1969) 
Pierre Duhem takes the opposite (and commoner) view that saving the phenomena meant 
fitting a mathematical formalism to them, independently of any concern with theoretical 
interpretation.
’ 528E-530C.
10 P. Shorey translation, in Plato: The Collected Dialogues, ed. E. Hamilton and H. 
Cairns, Pantheon, New York 1961,529b. Translation slightly modified.
11 529D.
12 53OB. I follow Vlastos’s translation (‘The Role of Observation in Plato’s Conception 
of Astronomy’, in Science and the Sciences in Plato, ed. J. P. Anton, Delmar, New York 
1980, p. 3) in this instance.
13 Physics, II, 2; 194a6.
14 It is extremely difficult to reconcile the different texts in the Metaphysics, the Pos­
terior Analytics and the Physics where he treats this question, but the issue is too large 
to deal with here.
1S 193b 25-30.
16 In a famous paper, G. V. Schiaparelli showed how Eudoxus’s concentric model could 
be made fairly accurately predictive (except for the retrograde motions of Mars and 
Venus which, in principle, this model cannot explain; see Aabae, Op. cit.,p. 39). But as 
Dicks (Op. cit., Chapter 6) convincingly demonstrates, this is as much a tribute to Schi­
aparelli’s ingenuity as to the merits of the Eudoxan system. Our knowledge of this 
system comes entirely from references in other ancient writers, since all Eudoxus s own 
works are lost. Schiaparelli postulates, for example, that our two main sources, Aristotle 
and Simplicius, got Eudoxus quite wrong in regard to the relative roles of the second and 
third lunar spheres. This enables him to set up a much more successful account. He also 
assumes an observational knowledge of the retrograde motions of the planets that 
Eudoxus is most unlikely to have possessed. Dicks argues that what modern commenta­
tors, like Schiaparelli and Dreyer, are really showing are the potentialities of a model of 
the Eudoxan type, provided that one has a fairly exact knowledge of planetary motions 
and of spherical geometry. But these came only much later.
17 J. L. E. Dreyer argues that “as Eudoxus made no attempt to connect the movements 
of the various groups of spheres with each other, it seems probable that he only re­
garded them as geometrical constructions suitable for computing the apparent paths of 
the planets” (A History of Astronomy, revised by W. H. Stahl, Dover, New York 1953 
11906' ], p. 91). This seems a weak argument, both because we have nothing at all from 
Eudoxus on this point and because there was no reason why each planet might not have 
been assigned a dynamically independent system. Dicks likewise takes Eudoxus s spheres
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the material f h hT abStraCtlons’ ’ on ^ounds that he did not speculate on 
material of which they were composed or the connections between them or the pow­

ers that moved them (Op. cit., p. 257). But first we only have a few fragments of Ms 
W°r d SeCond’ a lack ot speculation on these latter issues by no means entails that he 
regarded the spheres as calculating devices. Dicks himself points out how the pMe of 

‘° neXt °UtM °ne in SUCh a Wa"** “ is ‘cX roun"b°yf 

is *1S 1S a bl®b y physical conception. y
eL^forl^ sevenvspheres t0 the 26 of Eudoxus, two each for sun and moon, and one 
each for Mercury, Venus and Mars. Schiaparelli shows how the extra planetary sphere

haVe e"abled the Eudoxan model to handle the problem of retrograde motion the 
tte ecCtte StaJ C li n haV SOlVed the problem °f itS VariabIe apparent moti°n in 
i, th? J S llPPUS S work 1S lost- we can only guess at his reasons

The motion ot one sphere cannot explain, since it does not determine the motion of 
se 'd 17' (ReCa“ that the tW° 3X68 d° nOt COinCide’ and sPe^ of the 
second rotation is quite independent of that of the first.) The Eudoxan system was 
meant to show that if one had a set of four spheres, interlocking and rotating in the way 
specified, the resultant combination of the four circular motions could explain the ap­
parently irregular motion of the planet attached to the lowest sphere When writing the 
motion of the f'^t haVe tempted tO tafer from this ‘hat Me
«ul nf D ^caused that of the others. Confusion between the downward 
causality of D-science and the positional upward explanation of astronomy was to 
accompany Aristotelian science right to the end. was to
20 XII,Chapters 7 and 8.
' fhe Unmoved Mover proper to each sphere would be responsible (teleologically) for 

the simple circular motion of that sphere. Then each sphere would be (mechanically) 
carried by the one above it and carry the one below it, thus sharing the motion of the

(WUh °W" m°tiOn t0 the one below “• This c<>uld work 
the two types of action (desire, and contact action between spheres) be conceded’ 

Many commentators have suggested that the inelegant multiplicity of the 55 Unmoved 
Movers can be brought under the agency of a single First Mover if the latter is made the 
object of desire on the part of the former. But Dicks is, I think, right to argue Mat Mi 
has no basis in the text (Op. cit., p. 214), even though it Would bring about Me sort of 
explanatory unification Mat Aristotle usually sought for

This is Dicks’s rendering of 1074a 5 (Op. cit., p. 200). Ross says: “only Mus can all 
the forces at work produce the observed motion of Me planets”. The term ‘forces’ here 
gives an overly mechanical rendering of a mode of action which Me previous section has 
asserted to operate (at least, in part) by desire.
23 Metaphysics XII, 3; 1074a 16.
Me omen Ln°f an aStr010gy qUlte dlfferent “ basis from 
uie omen lists ot the Babylonians.

a“reTPt ‘°,Unite them dUring that period ought t0 b6 Heracleides a 
ontemporary of Aristotle s, proposed a geocentric model in which Me earM was given 

the 1111,8 eUminating 1,16 need for a fast-moving sphere of
fixed stars and of Me consequent adjustments needed for Me planetary motions In 
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the following century, Aristarchus (according to Simplicius) proposed as an ‘hypothesis’ 
the full heliocentric model, in which sun and stars are at rest, and the earth has a double 
movement of rotation and evolution. (See T. L. Heath, Aristarchus of Samos, Clarendon 

ress, Oxford 1913.) Dreyer infers that the reasons motivating the hypothesis would 
have been likely to be ‘physical’ rather than ‘mathematical’, since there is no evidence 
that he ever worked out a predictive account. Aristarchus, Dreyer concludes, was the last 
Greek philosopher “who seriously attempted to find the physically true system of die 
world” (Op. cit., p. 149). Later astronomers made no attempt to develop the heliocen­
tric model, probably because of what seemed to be two insuperable objections, one that 
the physics of Aristotle clearly showed that the earth must remain at rest at die center, 
and two, that this hypothesis would entail that a parallax effect ought to be seen for 
stellar movements unless the stars were at an incomprehensibly great distance. These 
were precisely the objections that Galileo had to overcome two millennia later.

In the eccentric model, the planets’ center of rotation is not the earth but a point 
close to the earth which is either at rest or makes a small circle around the earth. In the 
epicycle model, the planet is carried on a smaller circle which rotates around a larger 
circle. The two systems were early seen to be geometrically equivalent in the case of the 
outer planets; only the epicycle model will work for the inner planets, which is told in its 
favour.

Simplicius notes that it was known that the moon varied in apparent size on the basis 
of direct and especially of eclipse observation; this with the well-known brightness var­
iations of Venus and Mars, counted heavily (he says) against any kind of concentric 
model (/n Aristotelis de Caelo, 225b 39-226b). Autolycos of Pitane (c. 310 B. C.) was 
the first astronomer we know of who used this discrepancy to reject concentric models 
in general.
38 Almagest, I, 9;p. 45.

It still has a uniform motion, but around a point, the equant, which is not the center 
of its rotation.

He also had to introduce a complicated double rocking motion of the epicycle circles 
to account for movements in latitude (departures of the planets from the ecliptic), or as 
we might put it, to compensate for his taking the lines of nodes of the planetary motions 
to intersect the earth instead of the sun. Dreyer remarks: “In no other part of planetary 
theory did the fundamental error of the Ptolemaic system cause so much difficulty as 
m accounting for the latitudes, and these remained the chief stumbling-block up to the 
time of Kepler” (Op. cit., p. 200).

Only the apparent positions of the celestial bodies, not their distances. Ptolemy’s 
lunar model would make the apparent diameter of the moon twice as great at some times 
than at others, a variation which would be easily visible. Dreyer concludes that since 
Ptolemy must have known this yet never mentions it, he must at this point have been 
conceding that his theory “was merely a means of calculating the apparent places of the 
planets without pretending to represent the true system of the world” (Op. cit., p. 196). 

ct Ptolemy would, I think, have wanted to add to this, that there was no other method 
of attaining a truer one.
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32 Commentaria in Aristotelis de Coelo, II. Hae g. 5. comm. 35; Duhem, Op. cit., p. 30.
33 I, 32, 1 and 2. Quoted by Duhem, Op. cit., p. 42. Thomas Litt’s work, Les Corps Ce­
lestes dans I’Univers de St. Thomas d'Aquin (Publications Universitaires, Louvain 1963) 
contains a very detailed treatment of the many texts where Aquinas refers to Ptolemaic 
astronomy. He makes it clear that Duhem’s interpretation of Aquinas as holding that the 
epicycles are no more than ‘hypotheses’ which the physicist need not take seriously, 
needs qualification in several regards.
34 For a detailed account of these issues, see my Newton on Matter and Activity, Univ, 
of Notre Dame Press, Notre Dame 1978.
35 Laudan seems to assume that the late medieval scepticism about astronomical models 
derived solely from the perception that they were hypothetically arrived at (Science and 
Hypothesis, Reidel, Dordrecht 1981, pp. 72-85). I think that this is not what the texts 
are saying.
36 Sixth Part, trans. P. Olscamp, Bobbs-Merrill, Indianapolis 1965, p. 52.
37 Loe cit.
33 See my ‘Two Ideals of Explanation in Natural Science’, Midwest Studies in Philoso­
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DAVID BLOOR

RATIONALISM, SUPERNATURALISM, 
AND THE SOCIOLOGY OF KNOWLEDGE

I

Living in a secular culture brings with it the conviction that sci­
entific knowledge must have a different and superior status to 
religious belief. We have no difficulty seeing that religion calls on 
the support of traditions, institutions, conventions and vested in­
terests. We may then be tempted to conclude that, by contrast, 
propositions about the natural world do not depend for their cre­
dibility upon any such sources. Do they not emanate simply from 
a rational curiosity about nature? The shift of credibility away 
from religion and onto science is a relatively recent development. 
One of its side-effects is that sociologists of scientific knowledge 
now find themselves in a similar position to the scholars of the last 
century who scrutinized the historical credentials of accepted Bib­
lical doctrine. Similar arguments fly back and forth about their 
work and similar postures are taken up. I shall begin by develop 
ing this comparison, and then use it to make some observations 
about certain objections that have been urged against the sociolo­
gy of knowledge.

The most outstanding representatives of the critical movement 
in 19th-century theology were the Tubingen school around Fer­
dinand Christian Baur (1792-1860).1 Using the most advanced 
data and techniques that were available these scholars examined 
the Bible as an historical document, checking its claims for reliabil­
ity and consistency. This programme was not in itself new, but 
the determination with which it was carried out certainly was 
novel, and so were the results. Baur exhibited what would now be 
called the ‘social construction’ of the New Testament. He showed 
how its doctrinal content emerged from the competing interests
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of different Church parties, and described their strategies of nego­
tiation and compromise. In his study of the varying relations be­
tween the Pauline and Petrine parties in the early Church, Baur 
showed the importance of locating what he called the ‘tendency’ 
of a text, that is, the purpose and interest that informed it. By 
detecting changes in tendency, and relating them to the historical 
context, he cast doubt on the authenticity of many of the Pauline 
epistles. More than one hand had been at work. The Biblical ‘Paul’, 
Baur concluded, was the name of an evolving theological position, 
not that of an individual.2

Baur did not seek to decide whether the tendencies he described 
were theologically correct. Nor did he pass judgement on the inner 
authenticity of the religious life of historical actors. The question 
of whether Constantine’s conversion was for religious or political 
motives was dismissed. It was the political fact that mattered, 
not the unfathomable psychology of the individual.3 For Baur, 
Church history only made sense when fully integrated into the 
realm of historical causes and effects. Christian doctrine was an 
historical product, transmitted from generation to generation and 
interpreted afresh in the light of new circumstances. The Divine 
forces informing that doctrine were not qualitatively different 
from the power behind all human and natural processes. Baur’s 
stance was therefore monistic rather than dualistic.

II

Many historians and sociologists of science are now beginning to 
study our most cherished beliefs in the same fashion that Baur and 
his colleagues studied theirs.4 Just as the Tubingen scholars were 
accused of attacking Christianity — which was far from their in­
tention — so today a sociological analysis of science is frequently 
read as if it were an attack.5 The assumptions that underly this 
modern-day response to the work of sociologists were clearly ex­
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pressed by Karl Mannheim in the following words. Existential — or 
social — determination, he said:

may be regarded as a demonstrated fact in those realms of thought in which we can 
show... that the process of knowing does not actually develop historically in accordance 
with immanent laws, that it does not follow only from the “nature of things or from 
“pure logical possibilities”, and that it is not driven by an “inner dialectic .

Imre Lakatos has developed the same standpoint but in a different 
terminology.7 Science, said Lakatos, is made up of ‘research pro­
grammes’ which are based on a ‘hard core’ of theoretical ideas. 
Scientists unfold the ideas of the hard core by following a set of 
built-in directives called the ‘positive heuristic’ of the programme. 
Mannheim’s ‘inner dialectic’, then, corresponds to the ‘theoretical 
autonomy’ that Lakatos imputed to research programmes, that is, 
their ability to sustain a continuous development in the face of 
anomalies. The counterpart of the ‘immanent laws’ that govern the 
growth of knowledge is to be found in what Lakatos called the ra­
tional reconstruction of the ‘internal history’ of science. Internal 
history displays the congruence between scientific behaviour and a 
set of methodological rules derived from some chosen philosophy 
of science. Action which accords with the rules is called ‘rational , 
and is said to be explained by the influence of the rules in ques­
tion. External history, by contrast, consists of everything that sci­
entists do that deviates from the specified rules. This irrational be­
haviour, and this alone, said Lakatos, is to be explained by socio- 
psychological causes. So the immanent laws by which knowledge 
grows are the laws of rationality.

Similar positions to those expressed by Mannheim and Lakatos 
have been endorsed by many other writers. The common theme 
has been expressed with great clarity by Laudan:

When a thinker does what is rational to do, we need enquire no further into the causes of 
his action, whereas when he does what is in fact irrational — even if he believes it to be 
rational - we require some further explanation.8
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That further explanation, said Laudan, is a matter for the sociolog­
ist. Only irrationality is sociologically problematic.

in

I suspect that most adherents to this ‘rationalist’ approach do not 
know what Baur knew — that this picture has long informed and 
impoverished the writing of Church history. Mannheim, Lakatos 
and Laudan are recommending to us the historiographical princi­
ples that Baur knew under the name ‘supernaturalism’. As Baur ex­
plained in his Epochs of Church Historiography, supernaturalists 
assume that Christian dogma represents a uniquely potent truth. 
Church history unfolds through the apostolic and priestly succes­
sion which progressively reveals the full meaning of that truth. In­
stitutions and persons which embody this truth derive their entire 
significance from this fact, and the historian’s task is to exhibit 
their special standing. The supernaturalists acknowledge that there 
is also error and evil, so the full history of the Church comprises 
two parts standing in dramatic opposition to one another. The 
primary part concerns ‘authentically apostolic truth’; the second­
ary part concerns ‘heretical falsification’.9

The connection of supernaturalism with the rationalist history 
of science is easily proven. Both are dualist theories. Both divide 
the world into opposing principles with a characteristic asymmetry 
of evaluation and explanation. The opposition of spirit and flesh 
becomes the opposition of knowledge and society. The word of 
God expressed through Church doctrine is replaced by the inner 
dialectic which drives knowledge forward. Dogma becomes the 
hard core and heuristic of a research programme. The internal his­
tory of science thus replaces the history of apostolic truth. The 
category of error replaces that of sin, and heresy in its modern 
form is hunted down under the name of‘irrationality’.10 We may 
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even express supematuralism by commandeering the very words 
used by our rationalist philosophers. Thus:

When a Christian believes what is orthodox, we need enquire no further into the causes 
of his belief, whereas when he believes what is in fact heretical - even if he believes it to 
be orthodox — we require some further explanation.

Rationalists want us to structure our understanding of scientific 
development in the same way that supematuralists structured their 
histories of the Church. Where Baur would analyze a conflict be­
tween Church parties by relating their theologies to their divergent 
interests, the supernaturalists would relate the dogmatically ‘cor­
rect’ stance to divine inspiration, and the ‘incorrect stance to 
worldly ambition, ignorance or sin. In the same way, in addressing 
a scientific dispute rationalists are committed to an explanation in 
which one party is guided by the rational indications of a body of 
ideas and evidence, while the rival party is guided by mere social 
influence. One party will be subject to the rational explanation of 
internal history; the other to the socio-psychological explanation 
of external history. Of course, a rationalist could say that both 
parties to a scientific dispute were irrational, but that would in­
volve his handing it over in its entirety to the sociologist. At the 
opposite extreme he could decide that both parties were being 
entirely rational. But if rationality can be equivocal in its implica­
tions and divided in its results, then it cannot explain the diver­
gence of opinion. Some other factor must explain why this aspect 
of rationality held sway here, while that aspect held sway there. 
These two limiting cases represent the points at which the dualism 
of the rationalists’ theory breaks down. They therefore provide no 
escape from the requirements of their basic scheme of explana­
tion.
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IV

How do rationalist historians of science identify the particular doc­
trines through which the inspiring force of rationality is channel­
led? They fully appreciate that naive appeals to truth and falsity 
are no help. The empirical evidence can never prove that one of 
two competing theories is true. Nor, in practice, can it decisively 
prove that one of them is false. Duhem showed that a theory is 
tested in conjunction with a network of subsidiary assumptions 
and auxiliary hypotheses. A false prediction can be blamed on 
these, and it is usually possible to modify the surrounding network 
in order to reconcile fact and theory.11 This removes the ‘asym­
metry’ of verification and falsification, and it is precisely a form of 
asymmetry that the rationalist needs. Perhaps some more delicate 
discriminations will serve the rationalist, for example the degree of 
confirmation afforded to a theory h by a body of evidence e. But 
here too there are problems. Just as it is difficult to capture reli­
gious experience in a dogmatic formula, so it is difficult to formal­
ize our inductive intuitions. One important class of confirmation 
theories treats evidential support as a ‘timeless’ logical relation be­
tween propositions.12 If h implies e, then e confirms h, where the 
degree of support depends on some given confirmation function. 
No approach of this kind, however, will allow the rationalist to 
evade Duhem’s argument, because it makes the flow of confirma­
tion itself subject to that argument. Not only is the choice of con­
firmation function a matter for negotiation, but evidence which 
at first disconfirmed a theory will confirm it after the theory has 
been adjusted to bring it into line with observation. Thus, the fact 
that the calx (or oxide) of a sample of metal weighs more than the 
original metal disconfirmed some versions of the phlogiston the­
ory, but confirmed the modification that says that water enters 
the calx as phlogiston leaves.

One of the most instructive attempts to solve the problem of ra­
tionalist historiography was made by Lakatos and his followers.13 
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They said that to be rational was to be impressed if a theory can 
predict novel facts. A successful prediction yields more evidential 
support than a fit between fact and theory produced by retrospec­
tive adjustment. They replaced a ‘logical’ by an ‘historical’ view of 
confirmation.14 Lakatos argued that it is rational for opposing re­
search schools to adhere to their own theories, and to avail them­
selves of Duhem’s defensive measures, as long as their respective 
programmes were ‘progressing’. This means yielding a sequence of 
theories that predict novel facts, though not every prediction need 
be correct. A ‘degenerating’ programme is one whose input of nov­
el facts does not come from its predictive success, but from the 
discoveries of the rival programme or from chance. Its theoretical 
elaboration becomes an ad hoc response to external contingencies. 
A scientific controversy will then be resolved rationally if scien­
tists switch from a degenerating programme to a progressing pro­
gramme, if one is available. This, said Lakatos, is what usually ap 
pens — the only exceptions being the few cases where the work­
ings of science are subject to a socio-psychological distortion.

Critics immediately asked at precisely what point a rational sci­
entist must abandon a degenerating programme?15 Not being able 
to supply an answer Lakatos changed his definition of rationality. 
He came to say that rationality does not reside in what is done, 
but in how it is done. It transpired that scientists can rationally 
stick with a degenerating programme, even after it has been over­
taken, as long as they do not deceive themselves about the prob­
lems they face.16 Rationality is now equivalent to honesty. This 
shift evaded the original problem but compromised the whole 
analysis. Consider the case of Priestley and his long defence of 
phlogiston theory. By 1796 he was an isolated heretic. Was he irra­
tional? Given Lakatos’s basic idea, he surely was; but not on the 
new definition. According to Musgrave this case fits Lakatos s 
(new) theory “like a glove” and, we are told, Priestley “was al­
ways perfectly rational”.17 The tendency is clear: what we are 
seeing is a retreat to the limiting cases that I identified earlier, 
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where all the parties to a scientific debate are deemed rational. 
The dualism at the heart of the rationalist position has proven 
difficult for the rationalists themselves to sustain.18

v

The reason for these difficulties is that the rationalist picture treats 
our inductive propensities as if they work against our social na­
tures, rather than through them. It is better to follow Baur’s exam­
ple and develop a monistic approach in place of this troublesome 
dualism. Suppose we treat induction as a natural urge, like the 
urge to eat. Every cultural form recognizes the urge to eat and pro­
vides channels for its proper expression. Complex rules of prepara­
tion and consumption, feasting and fasting, integrate the satisfac­
tion of hunger with the rest of social life. In the same way, induc­
tive propensities stand behind all systems of knowledge. But just 
as the eating practices of a culture cannot be understood in purely 
biological terms, so a body of knowledge cannot be understood 
purely in terms of our natural inductive urges.19 Our inductive 
conclusions will be mediated by the a priori probabilities inherited 
from our culture and by all the other parameters that inform our 
appraisals of a theory; for example, our concern with boldness, 
unity, analogy, naturalness, fertility, generality, simplicity, consist­
ency, picturability and, in its many forms, utility.

The significance we give to predictive power has a weight at­
tached to it. Be it high or low that weight will always be a factor 
in our responses, and its particular value will call for an explana­
tion.20 Priestley could see the attractions of Lavoisier’s theory 
- he tells us so - but other factors outweighed these. Because this 
weight varies from case to case, and time to time, it is little won­
der that Lakatos could provide no plausible a priori answer to his 
critics’ questions. Nor is it any wonder that he was driven to say­
ing that the point at which to abandon a degenerating programme 
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lay with ‘common sense’21 What is common sense in this context 
but a matter of collective decision, that is to say, a convention .

The science which studies our basic animal urges is, of course, 
biology. The department of biology which is concerned with our, 
as yet little understood, natural capacity to register and respond to 
the probabilistic texture of our environment is psychological learn­
ing theory.23 The science which studies the conventions which al­
ways attend and structure the expression of our urges and capaci­
ties is sociology. Socio-psychological considerations, then, will not 
be distributed in the one-sided manner favoured by rationalists. 
Like inductive considerations, they will be a feature of all know - 
edge.24 It is, of course, always tempting to think that any group 
who protect their theories from refutation, and who resist the lure 
of a few predictive successes, must be deviating from the require­
ments of scientific rationality. Furthermore, these conservative re­
sponses often seem explicable by socio-psychological causes. Sci­
entific reputations are often based on theories, so the scientists 
who have invented and developed them have a vested interest in 
their survival. Clearly, though, the rationalist position depends on 
our generally not being able to find a corresponding interest be­
hind the work of those who want to innovate and who place more 
weight on this or that predictive success. And here the rationalist 
is in trouble. The circumstances that create interests of the kind in 
question generally create them in opposing pairs. Whenever some­
one’s reputation will suffer if a theory is discarded, someone else s 
will be enhanced by their association with the new theory. 
Whenever one discipline or technique relinquishes its rights over 
some area of nature, the practitioners of some other discipline or 
technique will be found to have advanced their claims.

The historical literature on scientific controversy typically 
shows neither side compromising what we may assume to be their 
natural reasoning propensities. Rather, it shows both sides making 
sequences of decisions which can be understood by examining the 
local and contingent circumstances in which the actors find them­
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selves, and the goals and interests they are pursuing. Why did the 
corpuscular philosophers take issue with the ancient atomists by 
insisting that matter was passive?27 Why was Pearson, unlike Yule, 
adamant that the measure of statistical association for nominal 
variables had to be analogous to that developed for interval varia­
bles?28 Why do herbarium taxonomists and laboratory-based bota­
nists continue to differ over the definition of plant species?29 The 
determinants of credibility uncovered by historians in these and 
many other cases are essentially the ones to which Baur drew at­
tention in his field of study - group conflicts bom of divergent 
interests, problems of control, autonomy and boundary mainte­
nance, problems of conflict and mediation and their symbolic 
counterparts.30

The point is not that scientists attend to these considerations 
rather than the experience of nature. The claim is that these and 
similar factors are intrinsic to the collective apparatus that they 
must create and use to give that experience a shared structure and 
meaning. The continuity, identity and implications of a theory are 
problematic things which are argued back and forth by its defend­
ers and critics. A theoretical doctrine, like a Biblical doctrine, is a 
collective work, continually modified, supplemented and inter­
preted in ways that were not anticipated in its initial formulation. 
Cognitive order must be maintained in the face of a continual 
stream of anomalies. There is therefore no essential doctrinal core 
that is being unfolded and whose content can guide those who 
work upon it.31 Nor do we possess any single, privileged touch­
stone of intellectual virtue that guides us when we must choose to 
enlarge our knowledge in this direction or that.

VI

I have developed this claim in connection with large-scale units 
like ‘theories’, but nothing depends on this. The picture does not 
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alter if we replace large, complicated units by smaller, apparently 
simpler elements like concepts. The argument applies to every sin­
gle act of concept application. When we bring an object under a 
concept we are claiming a sameness relation between that particu­
lar and the finite collection of other particulars already classified 
under that heading. Applying a concept to an instancei is like ap­
plying a theory to a new observation, and we have seen that what 
a body of theory says about a new case is not predetermined by 
its previous applications. It involves decisions and judgements, 
in the same way the next application of a concept ts not feed by 
its past applications. These do not create something called he 
‘meaning’ of the concept which settles in advance whether the sub- 
sTquent applications are correct or incorrect. There is no un ver- 
sa? for the mind to ^asp. However routine, each new appbc - 
tion of a concept is in principle open to negotiation In a fonn 
sense it will involve decision and judgement and these will b 
lated to goals and interests. In the last analysis stable usage will 
always have the character of a convention. So there are not w 
ways of applying concepts: one (correct) way flowing from t 
meaning; the other (incorrect) way determined by mere. conven­
tion Not even single concepts possess the efficacy and un y 
inner dialectic - that can explain the behaviour of those who ap- 

^R^tionalism seems plausible because we think that rules and 
meanings furnish us with invisible rails which reach ahead 
haviour, giving guidance to those rational enough to.intuit 
presence But we cannot make concepts or rules explain the ac 
Sof concept or rule users. It is the activity of the users their 
habits and goals, which explain why a concept or rule is applied11 
the way it is.34 Does this mean that nothing corresponds to Mann­
heim’s Inner dialectic, or to the moving force of rationality itself? 
The answer is that something does answer to these terms, but that 
it has been misdescribed. Continuities of doctrine the constraint 
furnished by correct meanings and implications, the feeling of re­
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ality speaking to us through the evidence, are all engendered and 
sustained by the behaviour of people around us. Like all divine 
and magical forces and queer mental processes, the force of reason 
— where it is not animal instinct - is the force of society mislocat­
ed and mystified.35

One final comment on Baur and the Tubingen school. I have 
presented them as heroic innovators in the sociology of knowl­
edge. Their great contribution is now largely forgotten, but I have 
no doubt that this is a correct evaluation. Of course, the analogy 
between the movement of ‘higher-criticism’ in theology, and the 
sociology of knowledge, is not perfect. I have played down the ex­
tent to which Baur was immersed in idealistic and Hegelian modes 
of thought. The surprising thing, though, is how little this affected 
his historical practice. The charge levelled against him by some 
contemporaries that he forced history into the Hegelian mould of 
thesis and antithesis, does not withstand careful examination.36 
Predictably, the standard criticism of Baur’s sociological and polit­
ical approach was that he ignored the really significant forces at 
work in Church history: the person of Christ, and the influence of 
his word. In the place of the contingencies that Baur brought to 
light, his critics preferred mystical pseudo-explanations and a reli­
gious teleology. Why, they asked, are theological controversies and 
party conflicts ever resolved if there is not a Divine Reality that 
eventually impresses itself on the minds of those concerned?37 
This Reality, working through Christ and his gospel, provided the 
inner dialectic of Church history. I have tried to indicate why the 
underlying assumptions of today’s rationalists — about our being 
guided by rules and meanings and, of course, Reality - are no less 
mystical and impenetrable than those of Baur’s reactionary critics.
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What I am proposing is that confirmation theories should be read as conjectures about 
our underlying cognitive dispositions. They are then contributions to psychology and, as 
such, descriptive not normative. Some, at least, of the students of confirmation see their 
work in this fashion, and have much to offer the sociologist of knowledge.

In putting our inductive propensities ‘behind’ or ‘outside’ our verbalized culture I am 
identifying them, along with social interests, with what Mary Hesse would call the ‘co­
herence conditions’ of her network model. See M. Hesse, The Structure of Scientific In­
ference, Macmillan, London 1974, p. 52.

An obvious example would be the reciprocal fortunes of Lavoisier and Priestley. For 
clear evidence that Lavoisier was a highly interested, highly motivated and highly skilled 
operator in the nasty micro-politics of French science, see the revealing and perceptive 
account of C. Perrin, ‘The Triumph of the Antiphlogistians’, in H. Woolf (ed.), The 

nalytic Spirit: Essays in the History of Science, Cornell Univ. Press, Ithaca 1981 pn 
40-63.

For example, the competition between geological and biological ideas about adapta­
tion. D. Ospovat, ‘Perfect Adaptation and Teleological Explanation: Approaches to the 
Problem of the History of Life in the Mid-Nineteenth Century’, Studies in History of 

‘ology II (1978), 33-56; or, the competition between chemical and biological theories 
of infection and fermentation, see R. Kohler, ‘The Reception of Edward Buchner’s 
Discovery of Cell-Free Fermentation’, Journal of the History of Biology V (1972),

7 — 353; and by the same author, The Enzyme Theory and the Origins of Biochem­
istry’, Isis LXIV (1973), 181-196.
” Of the extensive literature on this theme see: J. R. Jacob, ‘Boyle’s Atomism and the 

ssault on Pagan Naturalism’, Social Studies of Science VIII (1978), 211-233; M.C. 
acob, The Newtonians and the English Revolution, 1689-1720, Cornell Univ.’Press, 
thaca 1976; S. Shapin, ‘Social Uses of Science’, in G. Rousseau and R. Porter (eds), The 
erment of Knowledge: Studies in the Historiography of Eighteenth-Century Science, 

cam bridge Univ. Press, Cambridge 1980, pp. 93-139.
D. Mackenzie, Statistics in Britain 1865-1930: The Social Construction of Scientific 

Knowledge, Edinburgh Univ. Press, Edinburgh 1981, Ch. 7, ‘The Politics of the Con­
tingency Table’.

J. Dean, ‘Controversy over Classification: A Case Study from the History of Botany’, 
m B. Barnes and S. Shapin (eds). Op. cit., pp. 211-230.

S. Shapin, ‘History of Science and its Sociological Reconstructions’, History of Sci­
ence XX (1982), 157-211. 1

This is why Kuhn s account, based round the notion of a paradigm or exemplary 
achievement, is so good. The paradigm is a resource to be added to and used, not ‘fol- 
owed or ‘unfolded . Lakatos’s methodology of scientific research programmes can be 

read as a rationalist gloss on Kuhn - a gloss in which the virtues and insights of the origi­
nal are lost. In particular the continuity of a research tradition is, for Kuhn, the product 
ot a sequence of socio-psychological linkages. For Lakatos it is the result of rationally 
o owing out premisses and rules. For some effective criticisms of Lakatos’s ideas on 

continuity, see E. McMullin, 'The Fertility of Theory and the Unit of Appraisal in Sci­
ence’, in R. Cohen, P. Feyerabend and M. Wartofsky (eds). Op. cit., pp. 395-432. To
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T^Kuhn iS S° USefU' ‘° °f knowledge, see B Barnes
l. S.Kuhn and Social Science, Macmillan, London 1982. Appreciating that l’al^ ’’
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” For a full justification of this claim see M. Hesse, Op. cit.
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currence being the cause nf thp «n.r, i » ’ Party- — So far from that con-



MARTA FEHER

EPISTEMOLOGY NATURALIZED VS 
EPISTEMOLOGY SOCIALIZED

(A quest for a sociology of methodologies)

“If new models of scientific ra­
tionality are wanted, it is in an 
analysis of the goals of knowl­
edge rather than the internal 
techniques of natural science 
that they should be sought.”

(Hesse 1981)

The rapid revival and development of the sociology of knowledge 
we are witnessing in the last ten years is, in my opinion, a process 
worth while reflecting upon. The more so since philosophy of sci­
ence is challenged by the Strong Programme (of Bloor 1976 and 
Barnes 1977) which offers alternative conceptualizations of tradi­
tional epistemological problems.

The reason for this recent revival of the sociology of knowledge 
- after so many attempts (e. g. Fleck 1935, Mannheim 1931) fal­
len into oblivion during the thirties and later - is, I think, that 
philosophy of science has got into serious trouble during the last 
decade, into a state of Kuhnian-type crisis, in consequence of the 
problems connected with scientific change and rationality, and is 
thus in need of a new ‘paradigmatic’ point of view which can be 
given by the sociology of knowledge. I will argue that although 
there have been diverse attempts within philosophy of science to 
solve the problem of rationality of science and so to get out of the 
crisis, these attempts have failed and thus epistemology needs to 
be sociologized.
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From among the consequences of the Kuhnian (1962) historical 
conception of science, the most serious issue was that which con­
cerned the change of scientific methods or criteria of evaluation of 
knowledge claims, as distinct from mere change of beliefs.

The Kuhnian criticism of the Received View undermined the 
image of science as a paragon of rationality and thus endangered 
its privileged position among other cognitive enterprises (such as 
magic, myth, theology, and the diverse pseudo-sciences such as, 
e.g., parapsychology or astrology). The question was, as Feyer- 
abend put it:

What’s so great about science? What makes science preferable to other forms of life, us­
ing different standards and getting different kinds of results as a consequence? What 
makes modern science preferable to the science of Aristotelians or to the ideology of the 
Azande? (Feyerabend 1976, p. 110.)

His (1978) answer is that science is one among the ideologies and 
that no set of cognitive methods can claim a privileged status for 
itself as uniquely embodying rationality.

There emerged thus a quest for the justification of scientific 
method itself, the former touchstone of all knowledge claims. The 
quest for certainty shifted thus to a deeper level: from the prob­
lem of justification of knowledge claims (beliefs) to the problem 
of justification of justification, that is, of scientific method. Ac­
cording to the Kuhnian picture, science has no invariant truth­
gaining method and its authority has no basis beyond the consen­
sus of its practitioners. Consensus, however, can be, and actually 
was throughout the history of science, formed around different 
sets of methodological norms, thus mere consensus does not suf­
fice to select one among them as the only correct one.

According to one of the interlocutors in Gutting’s recently ap­
peared Dialogue-.
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scientific practice has authority only if it follows correct scientific method; and we can t 
just take whatever scientists do as definitive of correct scientific method. There must be 
norms of scientific practice that are established independently of the fact of that prac­
tice. This is just where philosophers come in. They provide the concept^analyses of 
truth, rationality, etc. that establish the validity of scientific method. (Gutting 1984, 

P-5.)

In the philosophy of science (beginning at the end of the sixties 
with Lakatos and Quine) there was accordingly a shift towards 
meta-methodology and, with it, towards self-reflection, as con­
trasted to the former lack of reflectivity of self-assured normative 
methodology.

As to the question of the justification of the standards of ra­
tionality, three different types of answers could be and were actu­
ally given by philosophers of science.

The first was the a priori or fundamentalist solution. That is, 
along the Cartesian line: to try to ground scientific rationality on 
some firmer basis, on a first philosophy and, in a Kantian vein, to 
construe a transcendental deduction for the set ot norms consti 
tuting the only correct method. This solution, however, no longer 
seemed acceptable after the fall of logical empiricism in the seven-

The route to follow in a search for justification of scientific 
method seemed thus to be that of a posteriori or empirical ground­
ing, as distinct from the above-mentioned a priori, philosophical 
one. The first version of doing this was Quine’s way to meta-meth­
odology, and to self-reflection, through the naturalization of epis­
temology (in his 1969, 1981). For him the relation between epis­
temology and natural science, especially empirical psychology, is 
one of mutual containment. As he says: “Epistemology, for me, 
is only science self-applied.” (Quine in Davidson and Hintikka 
1969, p. 293.) Quine seeks to ground epistemology as the evalua­
tion of knowledge claims on empirical psychology as the study of 
how man comes to acquire and accept his beliefs. Quine s reason 
for doing this is just the doubt about the existence of a firmer (a 
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priori) ground, a kind of first philosophy which would precede 
and underlie all science and thus could serve as the basis upon 
which to lay the fundaments of the criteria of justification for sci­
ence.

He denies that we could find a better warrant for our standards 
of evaluation than those that current science endorses, since we 
cannot step out of our general conceptual scheme of the world in 
order to evaluate it. Thus the most we can do is to disclose and 
understand, by means of empirical psychological investigations, 
why certain beliefs, reasonings and justificatory procedures are 
accepted within science. That is, instead of legitimating or justify­
ing the evaluative standards, Quine seeks to describe and explain 
them by empirical means. Quine reduces the question of meta-sci- 
entific justification to thar of scientific justification which is, for 
him, a question of empirical psychological investigations, aimed at 
disclosing our mental constitution, in order to see

how it is that man works up his command of natural science from the limited impinge­
ments that are available to his sensory surfaces. (Quine 1974, p. 3.)

This Quinean solution is, however, no remedy in the present 
state of epistemology. For, first, I claim, if epistemology is regard­
ed — as by Quine — as part of natural science, and in particular, of 
empirical psychology, then it becomes subjected to the underde­
termination thesis (given that Quine denies any extrascientific con­
straints on it). This means then that a plurality of different meth­
odologies could be construed on the same empirical psychological 
grounds, all of them logically incompatible but equivalent with re­
spect to empirical data or content. Moreover, as Stabler writes:

it is not clear that there is any naturalistic basis for the view that every dispute over 
methods will ultimately be resolved by a scientific demonstration that exactly one of 
any two incompatible methods is of the same psychological kind as our less controver­
sial scientific method. It could be that two different methods, two methods which yield 
different results are both ot the appropriate kind. There is no guarantee that rational in­
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vestigators (i. e. investigators that are on naturalistic grounds rational) will reach consen­
sus. (Stabler 1984, p. 72.)

There is another serious counterargument for Quine’s natural­
ized epistemology, put forward by Ron Amundson who pointed 
out that

the epistemologist cannot take the epistemological message of a substantive [psycholog­
ical] theory at face value. For how can she be sure that she is not simply gazing on the 
reflected face of tire cognitive theory’s ancestor epistemology ■’ Perhaps the epistemolog­
ically relevant features of the theory were conditioned by the descriptive features of the 
epistemology with which the theory was associated. The problem is supposed to be 
solved by a bootstrap procedure within the paradigm - the epistemology has been 
gradually adjusted as the empirical results demand. (Amundson 1983, p. 335.)

Since, according to Amundson the cognitive scientist, that is, the 
empirical psychologist, is himself using the same epistemology 
which is the object of his study, thus a cognitive empirical psy­
chological theory

will not, by definition, lead to the discovery of facts which can be used to question its 
own epistemology. (Amundson 1983, p. 336.)

And so he concludes that

The rejection of an epistemology in cognitive science is rarely, if ever, a result of empir­
ical discoveries, inconsistent with the epistemology ... The epistemology and the substan­
tive theory seem to come in a package, and the epistemology’s rejection occurs only 
through a ‘paradigm change* which rejects the theory along with the epistemology. (Am­
undson 1983, pp. 336-337.)

But let us disregard these counterarguments for the moment 
and see what picture recent empirical cognitive psychological in­
vestigations show about simple human (not even scientific) ration­
ality. Do they attest to the existence of a set of common, funda­
mental (or basic-level) principles of rationality with which wise 
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and benevolent Mother Nature endowed us? Or altering somewhat 
the title of L. J. Cohen’s paper: Can (at least) human rationality 
be experimentally demonstrated? Quine’s standpoint was based on 
the assumption that the norms of rationality can, in this way, be if 
not justified, then at least explained, or disclosed. Thus we can see 
why, in acquiring knowledge, we are proceeding according to a 
particular set of norms: simply because we cannot proceed other­
wise, given our psychological (mental) constitution and ‘our posi­
tion in the world’.

Actually existing empirical psychological investigations, howev­
er, show a very puzzling picture. Recent empirical studies in the 
psychology of deductive and probabilistic reasoning (of ordinary, 
lay persons) have, according to tire investigators, “bleak implica­
tions for human rationality’’ (see Nisbett and Borgida 1975; Nis- 
bett and Thagard 1983;Tweeney and Doherty 1983). L. J. Cohen, 
in his (1981) paper sets out to refute this view, fairly common to 
empirical cognitive psychologists, according to which:

The ordinary person is claimed to be prone to serious and systematic errors in deductive 
reasoning, in judging problems, in correcting his biases and in many other activities. (L. 
J. Cohen 1981, p. 217.)

Cohen proceeds by hypothesizing a competence-performance 
distinction (on linguistical analogy) and by postulating the exis­
tence of a competence in human beings for reasoning validly: this 
then provides the background against which we can study the ad­
mitted defects of their performance.

By this competence—performance distinction Cohen answers 
the question put in the title of his paper - Can human irrational­
ity be experimentally demonstrated? — in the negative. For ac­
cording to him what can be experimentally demonstrated are only 
the defects of performance and not the lack of competence.

The relevance Cohen’s considerations have for our discussion 
of the problem of naturalized epistemology lies, I think, in show­
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ing that empirical psychology is in principle not able to solve the 
task Quine assigns to it. For if Cohen s hypothesis is accepted, 
then performance is to be judged regarding its correctness by 
means of a normative theory of rationality which, on its part, is 
based on the assumed existence of a competence which would give 
the ultimate credentials to the normative theory. Thus what can 
be empirically investigated (performance) is not apt for grounding 
the norms of rationality (only intuitions belonging to competence 
can do this), and what is apt for grounding the norms of rationali­
ty (competence) is not empirically accessible. Competence is, so to 
say, per definition exempted from empirical investigation, it sim­
ply must exist because of explanatory reasons, in order that the 
epistemologist should be able to judge performance and to build 
his normative theory upon it. Short of any higher or commonly 
accepted authority to which the normative theory could be as­
cribed, we ascribe them to our inborn (or, with Cohen, to a per­
haps culturally inherited) capacity.

Please notice how at the same time this way of reasoning of an 
epistemologist, like Cohen, instantiates the validity of Amundson’s 
argument for the impossibility of empirically supporting or discon- 
firming the underlying normative epistemology of cognitive psy­
chology. . .

To return now to my main line of argument, let me in a Quine- 
an vein assume that to discover what rules of inference or norms 
of rationality we can and do actually follow in reasoning is an em­
pirical task. The question, however, remains: How are these given 
to us and why ought we to follow them? The answer, which is as 
old as Hume, or even older, runs that it is Nature which endowed 
us with the fundamentals of rationality and that we should follow 
the dictates of reason in order to survive in nature. An argument in 
favour of this assumption is usually based today on an evolution- 
ary-adaptationist position according to which the continuous use 
of fallacious reasoning would have lethal and thus highly unlikely 
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genetic implications: mankind would not survive for long (see 
Lycan 1981). And therefore it is assumed that

Science, as the best product of human reason, is based in the best and surest foundation 
that is realistically conceivable (i. e. in conformity with Nature). ... science should be 
praised and viewed as the paradigm of human reason in action; only human reason is 
instinctive, and its success is guaranteed by its essential ‘naturalness’. (Bechler 1981, 
p. 71.)

So, in this view:

Our innate capacity becomes the basis, and our science the extension, of a vast survival 
instrument. (Bechler 1981, p. 76.)

But the fact that mankind has successfully survived so far can­
not serve as an empirical proof that this was ensured by what we 
take to be our rationality. Since, as Einhorn and Hogarth argue:

We do not find the existence of persistent dysfunctional mechanisms to be incompatible 
with evolutionary framework. This is particularly the case when one realized that hu­
mans adapt the environment to overcome their deficiencies ... Moreover the time-frame 
of evolution is such that we do not know whether any particular mechanism is being 
selected for or against, or is a vestige without function. (Einhorn and Hogarth 1981, 
p. 335.)

And after all, as G. Doppelt says:

The changing requirements of human survival reflect not imperatives of biological adap­
tation (or survival of the fittest, in Darwin’s sense) but rather historical transformations 
in our cultural conceptions of what constitutes ‘human survival’. (Doppelt 1980, p. 33.)

Besides, we must not leave out of account that, for man, ‘survival’ 
means not survival simply in an unchanging natural environment, 
but in a changing natural and an expanding artificial environment. 
The epistemological import of the latter was duly emphasized by 
S. Leias in his (1983) paper on ‘The Humanization of Epistemol-
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ogy’. As to the former, it was Bloor (1976) who gave us valuable 
hints when speaking about the implications of the ‘social use of 

nature’. „ . . . . r
To sum up I doubt that even elementary forms (or levels) of 

human rationality could be established and justified by empirical 
psychological means only. Our basic natural reasonableness com­
petence or interestedness in following the so-called dictates of 
reason is assumed on philosophical grounds, rather than shown by 
empirical psychological investigations. And even if the set of ele­
mentary principles of rationality with which Mother Nature has 
endowed us could be discovered, this essentially invariant, because 
genetically given, set of norms would be insufficient for establish­
ing, let alone justifying, the historically changing forms of scien­
tific rationality. . .

Let us consider now what other types of a posteriori solutions 
have been offered (as distinct from the naturalization of epistem­
ology) in the process of seeking meta-criteria for science these 
types constitute a class which I would bring under the heading of 
the historicization of epistemology. To this class belong t e a - 
tempts at giving an a posteriori meta-criterion by historical (as op­
posed to psychological) means, that is, those attempts which use 
“the history of science as a test for its rational reconstructions 
(Lakatos). Among the major representatives of this conception 
could mention Lakatos and Laudan. The common feature of their 
efforts, as I see it, was that, accepting the Kuhnian picture of his­
torically changing scientific methods, they tried to find those me- 
ta-methodological norms which were themselves historically invar­
iant and could be assumed to govern as well as justify the change 
of scientific methodological norms and theories.

In Lakatos’s view:

Science is rational, but its rationality cannot be subsumed under the general laws of any 

methodology. (Lakatos 1971, p. 41.)
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He, however, rejects the Feyerabendian conclusion that if there is 
no general theory of scientific rationality, then there is no such 
thing as scientific rationality at all. The Lakatosian solution of the 
problem posed by the plurality and change of scientific methods 
in the history of science consists in finding the unicity and invari­
ance of science on the meta-level. This unicity and invariance lost 
in methodology reappear in meta-methodology. As he says:

We can easily have a second-order methodology of methodological (as opposed to sci­
entific) research programmes: the methodology of research-programmes self-applied. 
(Lakatos 1974, p. 321.)

And, by this move, he thinks to have accomplished, at the same 
time, the justification of his own methodology of the scientific 
research programmes as well (which is in fact a circular way of 
reasoning). In the last resort, then, to Lakatos everything is justi- 
fiedly rational what promotes for a research programme to predict 
and corroborate novel facts, to have excess corroborated empirical 
content.

Laudan’s solution (in his 1977) bears a certain similarity to that 
of Lakatos, in that he takes scientific rationality to consist in do­
ing whatever one can to maximize the progress of science, that is, 
to increase the problem-solving effectivity of scientific research 
traditions. In this conception - as is well known — the common 
denominator of changing scientific methods is that no matter what 
methodological norms are actually followed, they all can be taken 
as justifiedly rational if they enable the followers of a research 
tradition to solve more empirical problems and generate fewer 
conceptual ones than their rivals. In Laudan’s view:

Rationality consists in accepting those research traditions which are most effective prob­
lem-solvers. [...] ... there are certain very general characteristics of a theory of rational­
ity which are trans-temporal and trans-cultural, which are as applicable to pre-Socratic 
thought or the development of ideas in the Middle Ages, as they are to the more recent 
history of science. (Laudan 1977, p. 130.)
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But by this he falls back to the traditional conception of a unique 
and general theory of rationality valid for the whole history of sci­
ence. The lost methodological invariance is again rediscovered on 
the meta-level. And when applied to actual cases in the history of 
science, this overall theory of rationality which ought to be based 
on the more primitive and independently defined concept ot sci­
entific progress, appears to be grounded merely upon sound intui­
tions of rationality. Laudan himself admits that there is no non­
circular way to establish of paradigm cases ot rationality in the 
earlier history of science that they were in fact rational; this re­
mains, as he says, “entirely a matter of faith (Laudan 1977, p. 
161). As McMullin pointed out in his review article, Laudan fails 
in his

attempt to ‘invert the presumed dependency of progress on rationality [p. 6] ...At the 
crucial moment, he falls back on intuitions of rationality. (McMullin 1979, p. 632.)

Let me summarize now my criticism of naturalized and histo- 
ricized epistemologies. As I see it, their common feature and fun­
damental mistake consist in their striving to find a single, static 
metascientific theory of rationality for the evaluation of histori­
cally changing scientific methods or scientific rationality. The 
principles of this unique rationality theory, which could justify 
methodological change, are assumed by the proponents of the 
above-discussed standpoints to be attainable by a kind of inductive 
inference either from empirical psychological investigations of 
human cognitive capacities (as in Quine) or from a historical in­
vestigation of actual science (as in Lakatos, Laudan and others). 
That is, they assume that by historico-anthropological investiga­
tions a single (unique) theory of metascientific rationality will 
emerge, in spite of, and underlying all historical change of scien­
tific methods. That is why this problem can - to quote Hempel - 
“be regarded as a modem outgrowth of the classical problem of in­
duction” (Hempel 1983, p. 92). And, in fact, all these attempts at 
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conceiving of metascientific rationality as a historical or natural­
istic invariant have tacitly been assuming a ‘principle of uniform­
ity’ - as is usual with validating induction. This principle of uni­
formity is, in the case of the naturalized epistemologies, the as­
sumption of the historico-genetical invariance of the cognitive 
agent (i. e. man) as far as his perceptual, conceptual and reasoning 
capacities are concerned (they are assumed to be genetically giv­
en); in the case of the historicized epistemologies, on the other 
hand, it is the assumption that the goal of science has remained 
the same during its whole history from the beginnings up to now. 
In other words, that the meaning of the term ‘science’ remains the 
same in different ages and societies.

Thus epistemology naturalized and epistemology historicized 
can account for change of methods only if the changes ringing on 
scientific methods were such as to allow us to better achieve the 
(constant) goal of science; that is, increasing predictivity — as with 
Lakatos, or empirical verisimilitude — as with Newton-Smith, who 
expressly denies “that there has been an evolution in the goals of 
science” (in his 1981, p. 269), or increasing problem-solving ef- 
fectivity — as with Laudan, and formerly Kuhn; or, again, pro­
moting some unspecified form of survival in an invariant Nature, 
as with the naturalists.

I think, however, that the principle of uniformity underlying 
the inductive construction of a general, trans-cultural theory of 
rationality has to be given up (in both of its forms, i. e. as the in­
variance of the cognitive agent, and as invariance of the goal of sci­
ence). I take the first-mentioned form of it as a remnant of the 
epistemological individualism of empiricism which posited a single 
standard individual as the knowing subject, took scientific method 
as apt for being practiced by isolated individuals, and scientific 
theory as the sum total of the products of the working of abstract 
individuals endowed by Nature with the capacity to learn from 
experience and follow the transcendentally given logical norms.
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To use a Wittgensteinian analogy: this was a kind of ‘private lan­
guage’ model of science.

But that science is an essentially collective — or more than that, 
a social — enterprise was formerly pointed out and argued for 
— without any echo — in the thirties by L. Fleck, later on by 
Kuhn, and recently by the proponents of the Strong Programme, 
Barnes (1977) and Bloor (1976). The latter has shown (in his 
1982) that our fundamental conceptual net and our perceptive 
competence by which we are able to perceive empirical similarities 
are essentially socially determined and change with changing social 
conditions.

I do not want to expand, however, on this point; I would, rath­
er, like to argue for the change in the goal, or rather in the system 
of goals or objectives of science and their social determination in 
the course of its history. I think, namely, that the seeming irra­
tionality, the ‘anything goes’ character of changing scientific meth­
ods disappears if we construe them as changing means to achieve 
diverse, changing goals and not, as so far, as capriciously and unac­
countably or even evolutively changing or improving means for 
achieving a constant goal, say truth, or predictivity. Formerly, that 
is, in the pre-Kuhnian philosophy of science, it was the scientific 
method which was taken as static and unchanging, as the definitive 
feature of anything worth being called ‘science’.

And now it is the goal of science which is assumed by all the 
above-discussed authors to be something unique and unchanging. 
The authors differ only in what they take as goal: for instance 
truth, predictivity or problem-solving effectivity. In my view it is, 
however, inadmissible because anachronistic to project e. g. pre­
dictivity (one of the goals of our modern science) back, say, in the 
Middle Ages, and then give a poor mark to their methods for scor­
ing low in predictivity. And no wonder that in doing this, philo­
sophers of science relegate the causes of this seeming irrationality 
of scholastic methods to the ‘external history of science, that is, 
try to account for the methodological divergencies in terms of so­
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cial influences or interests, inhibiting (or hindering) the free devel­
opment of natural or scientific rationality. In this conception, the 
changes in scientific method are so many steps on the road to­
wards freedom of social influences and social determinatedness. 
And the history of science appears to be an evolutionary process 
towards a pure methodological ideal, embodying uninfluenced sci­
entific rationality. In this way cumulativity seems to reappear on 
the level of scientific methods, after it was lost, according to the 
Kuhnian picture, on the level of scientific theories. Thus, although 
the conception of more and more encompassing deductively in­
clusive theories had to be given up (after Kuhn), some strived to 
regain a picture of the history of science which improves on meth­
ods, and in which, hence, the idea of progress is restored. This pic­
ture, though very attractive, is, I think, false. In my view we 
should rather go one step further on the Kuhnian way and purge 
the — perhaps — last remnants of the Received View: the assump­
tion of the invariance and unicity of the goal of science. Science is 
a multi-purpose enterprise. It is in vain and void of sense to seek 
for a single goal which would define and govern scientific cogni­
tion during its whole history from the beginnings onwards. For to 
say that science is and has ever been a search for truth is vacuous 
and ideological; that it is and was a search for empirically more 
successful theories is true, at most, for the science of the last two 
hundred years; and that it is, say, a search for more and more com­
prehensive theories is vacuous as well, for this is a mere syntactical 
feature without epistemological content. For let us take truth as 
the alleged universal goal. Now, truth simpliciter is of no use in 
this context. Taken qualified, it appears that the goal of e.g. Aris­
totelian science was the discovery of necessary truth and not any 
truth whatever. Accordingly, the method of this science was taken 
to be demonstration (by apodictic-deductive inference drawn 
from necessarily true first principles). Another component of its 
goal or system of goals was intelligibility (as distinct from our pre­
ferred predictivity), that is, a search for illuminating, or enlighten­
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ing truths. Accordingly, the use of mathematics, as a methodolog­
ical tool was confined to certain disciplines (e. g. astronomy, but 
it was not to be used in physics). And that experimentation had 
been avoided can be accounted for by referring to the goal of the 
Aristotelian scientists, which was: to acquire knowledge about the 
spontaneous, uninterfered with, workings of nature, which ex­
cluded any artificial setting of the stage for cognition.

Later on, at about the end of the 17th century, the goal changed 
for a search for contingent, empirically predictive truth.

At first these truths were supposed to be empirically certain, 
later on to have a high degree of probability. Accordingly, in order 
to serve the newly emerged goal of empirical predictivity, induc­
tive reasoning came to the foreground in methodology and the use 
of mathematics became universal. And:

If the basic hypotheses of science were not candidates for being proved demonstratively 
but were to be supported by inductive arguments, it was natural to explore the possibili­
ty that the theory of probability could be invoked in representing the process ot theory 

choice. (Newton-Smith 1981, p. 215.)

Moreover the aim of Aristotelian and to a great extent of medieval 
science was to demarcate itself as genuine, reliable and systematic 
knowledge (episteme, scientia) from scattered lay beliefs (doxa, 
opinio) regarding nature, and to delimit thereby a territory of its 
own as distinct from mere practical, ordinary cognition. Accord­
ingly, while leaning heavily on ordinary experience, their methods 
differed from ordinary cognition in using expert opinion (authori­
ties) and non-ordinary, syllogistic forms of reasoning in justifying 
their knowledge claims. From about Galileo’s time on, the main 
purpose changed for demarcating science from another form of 
expert knowledge, theology, which claimed general cognitive 
authority, and used the methods of divine revelation and expert 
opinion (the Scriptures and privileged commentaries) to justify its 
claims. Accordingly, the - mainly self-appointed - scientists of 
the 17th century had to find other methods by which to produce
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and justify a new kind of knowledge. Descartes was seeking for 
fundaments which were to be as firm as the former one, and upon 
which necessary truths could have been erected. Newton, however, 
rested content with contingent though more precise and predictive 
truth, thus with the experimental method and inductive reasoning. 
(At least as far as his rhetoric goes.) Later on a new goal emerged 
which was to demarcate science from politics and from non-insti- 
tutionalized science (so-called pseudo-science). That meant the 
demal of any connection with social factors and influences on sci­
ence. This gave birth to the myth of its neutrality and induced the 
search for those transcendental methodological noims which were 
supposed to be trans-culturally valid and could govern non-com - 
mitted and legitimate cognition. Today the fight goes on for offi­
cial (social) recognition (and thus for financial support) for legi­
timacy (and prestige) and that is why the problem of rationality of 
science, the uniqueness of its methods and by that token the 
privileged status of science among other cognitive enterprises 
seems to be so important in epistemology.

Goals change as radically as scientific methods, the variation of 
which is dependent on the goals they serve to accomplish. Meth­
ods are not, as it were falsified, that is, rejected in a process of 
metascientific justification, nor are they continuously improved 
upon (except within a paradigm); they are, rather, abandoned 
when not yielding the expected results or when new goals emerge 
which require new methods to achieve them. Methods and their 
changes can thus be justified only in relation to their goals and 
to the changes these goals undergo. Thus the rationality of scien­
tific methods should be construed, I think, as a means-ends rela­
tionship. We must not try to justify scientific methods within tra­
ditional epistemology, lest we should face the notorious ‘Miinch- 
hausen (or Fries) trilemma’ of rationality (see Murphy and Hend- 
ncks 1984). Scientific rationality could thus be taken as a kind of 
^n^3* ratlonality’ Allowing the lines of reasoning of I. Levi

, 1980) and C. Glymour (1980) who argued that scientific 
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inquiry is itself a form of practical deliberation, though one with 
distinctive cognitive goals; and further that certainty, hence ration­
ality, are pragmatic, problem-relative notions. Methods gain a pri­
vileged status with respect to the goals attainable by their means. 
Means and ends (scientific methods and goals) are at the same time 
supporting each other; given the goals, the means appear to be the 
best available for attaining them, and once given the methods, no 
other goals seem attainable or worth while attaining. In my view, 
then, the problem of the justification of scientific rationality and 
the establishing of its privileged status is not a purely epistemolo­
gical task, it cannot be solved within the confines of traditional 
philosophy of science. That is why it is in a state of crisis now, and 
needs the help of the sociology of knowledge, which I suggest to 
supplement with a sociology of methodologies — following the ad­
vice of Mary Hesse (1982). Hence, I claim, the goals as well as the 
means (methods) of science are, in the last resort, socially deter­
mined, and cannot be explained nor justified without referring to 
their social context.

Otherwise the question would remain unanswered which lurks 
in Lakatos’s following words criticizing Popper’s methodology:

Just as the rules of chess do not explain why some people should play the game and, 
indeed, devote their lives to it, the rules of science do not explain why some people 
should play the game of science and, indeed, devote their lives to it. The rules decide 
whether a particular move is ‘proper’ (or ‘scientific’) or not, but they remain silent 
whether the game as a whole is ‘proper’ (or rational) or not. The rules say nothing either 
about the (psychological) motives of the players or about the (rational) purpose of the 
game. (Lakatos 1974, p. 313.)

Now, I would not regard science as a single-purpose game (like 
chess) during its whole history, but as a multi-purpose game, or 
rather a set or family of games connected by a kind of family re­
semblance. What this family resemblance consists in cannot be 
exactly given as a set of necessary and conjunctively sufficient 
conditions defining scientific rationality. For, as Kuhn has argued
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lately (in his 1983), what ‘science’ means changes with the chang­
ing context of discourse, and can be defined only relative to other 
contemporary disciplinary clusters or cognitive enterprises like 
medicine , ‘law’, ‘arts’, ‘philosophy’ or ‘theology’; but in each 

discourse rationality’ is a necessaiy property of the referents of 
science . Kuhn’s solution for the problem of metascientific justi­

fication is thus that ‘rationality’ and ‘justification’ are interdefined 
terms. And so, in other words, the attribution of rationality to 
science is necessary and true in Kuhn’s language but contingent 
and false in Feyerabend’s (see Hempel 1983, p. 571). For Kuhn 
rationality is thus relativized to a language game. This Kuhnian 
standpoint seems to be correct but, without further assumptions 
leads to a sterile form of relativism. In order to evade this devastat­
ing relativism, which is not necessarily a consequence of self-reflec­
tion in the methodology of science, we have to put and then try to 
answer the above, Lakatosian question: why indeed should people 
Play the game of science? Or rather different games with different 
rules methods - in different ages, equally called science?

This question concerns the meaning or reason of the language 
ThUS’ H cannot be answered within the game. Kuhn 

2983) is aware of this when closing his paper with contending 
that whoever questions the rationality of science, that is of learn­
ing from experience or that the conclusions based upon it are jus- 
rlriPri J

asks not for a justification of learning from experience, but for an explanation of the 
Se we Mve Wh°'e langUage-game that inVolves Auction’ and underpins the form of 

p. 570 )hat qUeStiOn " he MyS ~ 1 at,Cmpt no answer>but 1 would Uke °ne. (Kuhn 1983,

In order to find an answer to the question why man should play 
in certain ages and in certain societies a game like science (besides, 
instead of, and distinct from other games like art, religion etc ) 
or why in certain societies they did not, we have to transcend the
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confines of science or even epistemology itself and look for a wider 
social context.

Let me quote Hesse:

It is not only rationalist illusions about the ‘truth’-claims of science that need sociologi­
cal scrutiny but also the social fact that science as a play is tolerated and indeed encour­
aged in certain sorts of society, just as religion appeared to be tolerated. (Hesse 1982 p 
331.)

The reasonableness or rationality of a game (including the ra­
tionality of science) consists partly in its having rules appropriate 
to attain its goal, and partly in its having a goal attainable by the 
rules. The goal, however, is (in the last resort) extraneously given 
and established; though it sometimes seems — after the game is set, 
with its goal and rules - as if it were the rules which appoint and 
establish the goal as the only attainable end of the game.

In the case of science the question is how the goals are appoint­
ed, by what authority, which interest-groups fight for the right to 
determine what goals are legitimate and by what means they can 
be attained, relegating thereby into a marginal position or into the 
rank of pseudo-science other, socially non-legitimized cognitive 
enterprises.

In my view, then, there is an urgent need for the sociologization 
of epistemology and for the elaboration of a sociology of meth­
odologies (along the lines of the Strong Programme) in order to 
solve the problem of scientific rationality and to avoid the sterile 
form of relativism which seemed to follow the self-reflection of 
methodology. The alternative is not a return to former absolutism, 
but a fertile form of relativism: the relativization and embedding 
of knowledge into its social context.

We would thus have no absolute epistemological justification 
for scientific methods, only a sociological one, by grounding and 
explaining them as the best contemporarily and socially available 
tools for achieving socially given goals. As is to be seen, the soci­
ally given goal plays in my conception the role played by the na-
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turalistic notion of ‘the general standing interest’ (in Quine’s and 
Newton-Smith’s sense). What I am recommending is to historicize 
and sociologize the goals and by that the methodologies of sci­
ences. And finally I suggest separating the problem of rationality 
from that of progress. Thus, I think, we should not try to derive 
either progress from rationality (as Lakatos and others do) or ra­
tionality from progress (as Laudan does). Rather, we ought to re­
duce progress to that of society (whatever that may mean, or let it 
fall) and drop the search after a universal and purely intellectual 
concept of rationality. Rationality as we mean it is a special pro­
duct of certain kinds of societies. The choice between rival para­
digms is not a question of rational deliberation (according to some 
trans-paradigmatic norms, though reasons play a role in it) but a 
task to be solved by the society which gives new goals for science 
and demands new results to be attained with new methods. Sci­
entific development is a rational process in which the basic scienti­
fic choices are reasonable but underdetermined by reasons and 
thus in need of an ineliminable dimension of psychological and 
sociological explanation.

Technical University, Budapest
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IMRE HRONSZKY

THE PHOENIX

(Early and Recent Socio-Historical 
Approaches to Scientific Cognition)

In the early seventies there was a turn in the understanding of sci­
ence and its history.1 Its hardest core was an extension of the so­
ciology of knowledge to the topics of the so-called ‘hard sciences 
The least that can be said about the new perspective is that it chal­
lenges the ‘standard view’ of science acknowledged almost withou 
criticism for so long. (The expression ‘standard view is used here 
as it was introduced in the debate on Kuhn’s Structure in the mid­
sixties in order to emphasize the common core of fundamental be­
liefs evidently shared so far by scientists, and the ‘common opin­
ion’ of the philosophers of science: science as a model and symbol 
of rational knowledge, the necessary autonomy of the scien i ic 
community, scientists as guardians of the objectivity and rational­
ity of science through their consistent application of scientitic 
method.) , „ ..

The Kuhnian Gestalt switch touched simultaneously upon the 
philosophy and history of science, attacked some of the character­
izations of science commonly accepted earlier in the received view 
perhaps first of all the cumulation view of experience, and Queried 
the normative approach of the philosophers of science to the his­
tory of scientific cognition (the attitude of ‘imputing rationality 
to the history of science, to use the term of E. McMullin). It 
brought historicity and a moderate sociology (and psychology) 
into the understanding of scientific cognition; and the knowledge­
sociologist attack attempted to transform the whole picture into 
its opposite. Science should be understood as a thoroughly social 
phenomenon. Apart from the differences between the various and
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sometimes even diverging tendencies within the new perspective 
there is a common denominator of all tendencies. This is the aim 
of the ‘social phenomenon’-type reconstruction of scientific cog­
nition and knowledge. To put it differently: they all claim the ack­
nowledgement of the fact that their sociological perspective is 
epistemologically relevant, too.

It is useful to differentiate between two things. The ‘social con­
ditioning’ of scientific cognition can be used to refer to those con­
ceptions which limit themselves so that they refer to certain pre­
sumed necessary social conditions of scientific cognition without 
acknowledging that these conditions (or at least some of them) 
have any epistemologically relevant, epistemologically constructive 
role. The term ‘knowledge-sociological’ refers then to those ap­
proaches that ascribe an epistemologically constructive role to (at 
least some) social conditions. Limited social-constructivist ap­
proaches were applied already in the early 20th century. (It is 
only part of the truth that neither Durkheim nor, later, Mannheim 
crossed the Rubicon.) It might be of some importance to outline 
these approaches.

The conceptualization of the story of the social interpretation 
of scientific cognition and knowledge is made here from the per­
spective of the process of deconstructing that reificationist under­
standing of science which prevailed throughout the numerous suc­
cessive variations of the ‘standard view’. This reificationist ap­
proach to science can be observed in those prevailing dogmatically 
fixed a priori convictions that characterize the various consecutive 
forms of demarcationist approaches to science in the philosophy 
and history of science. The story of meta-reflections on scientific 
cognition can be understood as the big retreat of the reificationist 
perspective with periods of renewal in increasingly moderate forms 
from the beginning as a positivistic-scientistic view up to the re­
cent rationalistic defences of this perspective. Knowledge-sociolog­
ical perspectives show themselves as attacks from outside made in 
two historical periods. The first part of the present study will deal 
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with the early, limited knowledge-sociological approaches. It will 
be shown that there were non-Marxist as well as Marxist variants 
of them. As a common denominator, their non-liberalist political 
ideology might be depicted.

The first author to be considered is Thorstein Veblen. Shortly 
after the turn of the century Veblen sketched an understanding of 
the content and truth canons of scientific knowledge as generated 
and valid in a type of society that became based on tire social in­
stitutions’ of machine-based production and commerce In a 
well-known but mostly misunderstood sketch Veblen looked for 
the social determinatedness of scientific cognition conceived of as 
a special type of cognition worked out under the impulses ofidle 
curiosity’ (or as he sometimes called it, irrelevant attention ). 
Working with this anthropomoiphic universal, ‘idle curiosity root­
ed already in animal behaviour, he tries to find functionally de­
termined congruences between the ‘prevailing institutional struc­
ture’ of society and the therein typical form of ‘esotenc knowl­
edge’ The changes of the types of ‘esotenc knowledge will not 
occur in his model in the fonn of a ‘logical process’, but the new 
type will dominate as a metaphysics in harmony with the changed 
institutional structure. The motivation for the change of ontology 
and validity criteria will be formed by life, not by the autonomous 
change of thought. Although this ‘esoteric knowledge’ has no im­
mediate pragmatic relevance to the life of individuals it has the 
most important mediating pragmatic role in society, allowing tor 
the adaptation to the community’s ruling institutions. The func­
tioning of ‘esoteric knowledge’ is secured by the methods of cogni­
tion and the structure of knowledge. His epistemological starting- 
point is that to be able to find, to collect and systematize experi­
ences, a previous ‘dramatization’ is needed, and just the basic so­
cial institutional structures assure the dramatization models.

But Veblen was a transitional figure even in the early 20th cen­
tury Strangely enough, his socio-historical approach was used 
to explain the rise and legitimacy of the unconditioned objectivity
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J™ •? 1116 m°dem Period ‘idle curio«ty’ received
fte form of scientific spirit. As to Veblen, the development of

™ S^nCl had been an advance of ‘ disanthropomorphiza- 
eariv kn°wledge was alreadV ba^d on causality chains in 
early modern science, but the ‘dramatization’ was still based on 
me picture of me craftsman. Causality was understood as the fe­
ation between an efficient cause and a certain result for the 

achievement of which it was necessaiy. Writing in the 19 m cen- 
tury, Veblen continued his explanation of the world conceived of 
as a machine, or, what according to him is just me sX as a 
causal mechanism, a chain of consecutive changes, corresponding 

the pressure exerted by industry on thinking. Science is me
,he Physics 8ofmach“ te^.

he dS X Tf 8 ins,itu‘i0"s society constrain the 'hard- 
headed acknowledgement' of factuality in life, and this attitude 
has reached its summit and symbol in science

Sc,enttfic knowledge is for Veblen objective knowledge founded 
two methods. Disanthropomoiphiration’ makes possible dis- 

^ZXu^^ <”d 'indgementar relativism-
11 be excluded from the progress of science), and the ‘matter-of- 

act character of knowledge will be achieved when the world is 
VebX tries a,S r Pr°CeSS °f X

eblen tries to find the social conditions’ of scientific cognition 
(as we have introduced the term above) and his approach has the 
heZX of th epiS,eraolo»P‘>ll>' re‘e™> sociological approach: 
he speaks of me necessary role of machine-based production (and 
— in “ • 

con^f f 1S m°re implicated than this, as he
machhe and C°ngrUence of Perceivmg the world as a
machine and as a consecutive change of causal connections 3 The 
xplanatory efforts of Veblen were reduced to the task of explain- 

inf inforehUmed P°SSibi,ity of imPartial observations and the com­
ing into being of a social institution, the working of which assures 
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an ontological net congruent with the working of the world out­
side human practice.

Hence, in Veblen’s view, scientific attitude is appropriate to na­
ture; yet it is not a natural one, but something to be appropriated 
in specially built up types of society, in the course of a historical 
process.

1. THE SOCIAL CONSTRUCTION OF SCIENTIFIC KNOWLEDGE
AS RESTRICTED OBJECTIVITY AND RATIONALITY - A CONSERVATIVE 

VARIANT

The second non-Marxist author to be analyzed briefly is Max 
Scheier. As will be known, his ideas about the rise, development 
and rightful validity claim of ‘positive science’ were part of the 
‘capitalism-debate’ at the turn of the 20th century. Max Scheier’s 
views embody an alienation and reification criticism from the 
perspective of a conservative thinker. The task to be solved was to 
demonstrate that science is only a cognitive activity of lower level 
and not objectivity per se as claimed by the positivists.

The task emerging with this knowledge claim was to make plau­
sible how scientific behaviour arose as part and parcel of societal 
forces which needed it just because of its possible societal func­
tion. To sum up, after Scheier the function of science is to serve a 
special sort of wish for domination (Herrschaftswille), for power 
over technological disposition (technische Verfugungsmacht)* In 
this reconstruction the emergence of modem science is due to the 
historical change in which, instead of the former wish for immedi­
ate domination over human beings, a new wish emerged aspiring 
to the productive remaking of natural things. He argues commit- 
tedly against the types of explanation based on ‘pure reason’. He 
uses ‘instinct’ and ‘ethos’ as explanatory variables and sees the 
ground for the transformation of thinking in the transformation 
of life, of which thinking makes a part. ‘Positive science’ was mod­
elled as being a structure or mechanism determined by its only 
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function of prediction. After Scheier the communal way of life 
(gemeinschaftliche Lebensform) characteristic of the Middle Ages 
was transformed into a societal way of life (gesellschaftliche Le­
bensform), and along with this, the ‘categorial-biomorph’ world 
view corresponding to it had to change of necessity, too. (In ad­
dition to the way of life, the nature of technics was also involved 
in the explanation.)

According to Scheier, the main issue to be explained is the 
transformation, determined from outside, of the cognitive goals. 
Concerning the rise of ‘positive science’, there is an extreme re­
striction of the cognitive interest to be explained. It is nothing but 
the goal restricted to the demand of the regular prediction of na­
tural processes (and that of the soul!) that gave rise to a perspec­
tive from which Nature became deprived of the objectivity of 
sensual qualities and restricted to a mechanism, and which reduced 
the cognitive interest to tire measurable-quantitative aspect of the 
world and its laws. What is behind the transformation of cognitive 
goals is the wish to rule over Nature (and the soul). Science is ob­
jective within these restrictions. Those who want to transform 
things productively have to catch those things in normalized forms 
and develop the capacity for regular prediction.

Scheier gives an explanation of the coming into being of the 
value-freedom of ‘positive science’. “The social reason for conceiv­
ing of the world on the basis of value-freedom is a task which is 
set for the purpose of some value: for the purpose of the vital 
value of the rule and command over things.'”* Objective knowl­
edge (in its restricted form) is generated and validated through a 
narrowing down of social goals as a social precondition, itself con­
stitutive of the form of knowledge in this respect.

The scope and limits of Scheier’s approach to the constitutive 
role of social factors can be exemplified by two remarks. He ar­
gued rightly against the rationalistic explanation of the coming 
into being of modem science. The search for antecedent ideas can­
not explain why they were used as such just at that time and in 
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that very form. Scheier believed himself to be able to explain the 
functioning of the methods of ‘positive science’ through its goal of 
being able to make regular predictions. So he conceived of the 
function of ‘positive science’ according to its inherent laws. With 
this assumption he supposed the constancy of the goal structure 
of science and the unity of scientific method belonging to this 
goal, and he deprived himself of the fruitful question of what the 
social constructive effects were on the fine structure of science.

2. SOCIAL CONDITIONING OR SOCIAL CONSTRUCTION 
OF SCIENTIFIC COGNITION? ON EARLY MARXIST VARIANTS

It is a widespread mistake concerning the evaluation of Marxist 
thinking about the social history of scientific cognition to suppose 
that there was a uniform Marxist understanding at the turn of the 
thirties and that is was embodied in the analysis of Boris Hessen 
(1931) about Newton, itself being the ancestor model of ‘external­
ist’ thinking.6 This part of the study starts by recalling the fact 
that the basic alternatives of understanding society and history 
within Marxist thinking can be grasped by reading Bukharin’s 
book Historical Materialism and Lukacs’s History and Class Con­
sciousness. Roughly speaking, Bukharin based his model on the as­
sumption of the final determining role of productive forces that 
were understood in a reductionistic way. Lukacs, when treating 
the social processes, assumed that changing the production rela­
tions would reform the whole complexity of social relations. 
Bukharin reduced the productive forces to technology, giving a 
neutralized definition to the latter. Lukacs’s understanding of the 
production relations and their assumed totalizing effect in society 
called for a social-constructivist approach to scientific cognition, 
whereas Bukharin’s approach allowed one to treat science as if it 
were socially determined in its institutional and organizational 
structure, but not in its cognitive structure. The difference can be 
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characterized as follows. The ‘messianistic-dogmatic’ wing (to use 
Lukacs’s later expression) of socialist theoreticians to which Lu­
kacs also belonged tried to demonstrate how deeply social rela­
tions and production relations concretely formed a sort of scien­
tific cognition functionally adequate to these relations in both 
their productive force and their ideological role (world view).

The emphasis was put on the difference between the assumed 
sorts of cognition. Besides the Lukacsian view, one of the main 
variants was that of Bogdanow. In his model Bogdanow ascribed 
different cognitive perspectives to different social classes in 
bourgeois society, which perspectives themselves were taken to 
work functionally, according to the producer and controller roles 
in society. He assumed that these opposite roles were interiorized 
as cognitive activities of different sorts into science, too, as ex­
perimental and theoretical activities, respectively. That is why as a 
part of his ‘proletcult’ movement Bogdanow claimed to develop a 
new type of science, too. The fact that the emphasis in the theory 
was put on the continuity or discontinuity of science in the bour­
geois and emerging socialist types of society was of course of vital 
practical-political and ideological importance.

The problem to be solved was how to behave towards such an 
institution as science in a new type of society, whether it was 
enough to develop a new type of institutional and organizational 
scientific structure, or something more should be done: that is, to 
develop a form of science appropriate to the needs of the new 
type of society (the needs of productive forces and of the type of 
world view), is it necessary to develop a new kind of cognitive 
activity transcending the earlier one, as ‘messianistic-dogmatic’ 
writers claimed?

Karl August Wittfogel, in a forgotten book against Bogdanow- 
ism, tried to demonstrate a lot of organizational weaknesses in sci­
ence, regarding them as effects of the individualistic way of organ­
izing scientific activity in bourgeois society.7 These organizational 
weaknesses were exactly those features which according to him 
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should be transformed. In a review of Wittfogel’s book Lukacs 
wrote (he used the critique of this book as the application of lus 
ideas on the social production of natural scientific knowledge, 
which were developed in his Class Consciousness): Nature and 
all of its forms of mastering are social categories”, and he showed 
Wittfogel the path already taken by bourgeois sociologists. What 
did Lukacs mean by this formulation? Lukacs started off with the 
assumption, as a hidden dispute also with Max Weber’s rationality 
conception, that developed commodity production affected the 
transformation of all social activities. In a type of society based on 
the domination of ‘formal, calculative rationality’, cognitive ac­
tivity also accommodated to this reification process and became a 
constitutive part of it. This makes understandable both its higher 
quality in comparison with the earlier view on the cognition of 
Nature based on predictivity, as well as its inherent barriers. Just 
as the cognitive attitude to Nature, the perspective of cognition 
should be developed further to achieve, as Lukacs claimed, a non- 
formalistic cognitive attitude, which would not be reduced to cal­
culative rationality. And Lukacs claimed that this development 
should be an integral part of developing a new culture. The new 
science should be deeply philosophical.

We can see that left-wing thinkers developed within Marxism an 
understanding of science according to which cognitive activity was 
regarded as formed by society through epistemologically relevant 
constitutive effects. The cognitive attitudes, it was assumed, were 
and would be formed and reformed. But none of them tried to 
work out a microsociologically relevant understanding.

What about then Hessen? .
Just contrary to this totalizing understanding of the social et- 

fects of production relations, a technocratic-economistic under­
standing of social history was also developed. (It should not be 
forgotten that productive forces themselves were also often under­
stood as restricted to the means of production, or, what is more, 
to working tools, to technics.) This variant of Marxism looked tor 
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the opportunities for accelerating economic and technological de­
velopment (cf. the neutralized form of questioning!), and hoped 
to find a social instrument in scientific development. Natural sci­
ence, understood either as the theory of the operation of ma­
chines’ or as the immediately objective knowledge of Nature, was 
to be thought of as something that had developed through the ef­
fect of economic-technical needs. Positivistic-scientistic objectiv­
ism was taken over and used as an epistemological basis. Therein 
originated the double formula (so often used in the later period) 
that for the enforcement of the ‘scientific way of thinking’ we 
should get rid of all of the ‘metaphysical ideologies’ hindering it, 
giving rise to a ‘science-appropriate’ ontology (materialism) as a 
philosophical basis and we should give impulses to science from 
the outside through the emerging needs of economy and technolo­
gy. Technology is on the one hand a motivating factor for scien­
tific development and, on the other hand, raises problems to be 
solved scientifically. With the development of the scientific atti­
tude, its objectivity of a new quality (dialectical materialist sci­
ence) and, on the basis of this, its new quality of technological 
usefulness were conceptualized. All this is to be read in summary 
in Bukharin’s famous introduction to Science at the Cross-roads. 
In the light of this Hessen’s analysis appears as an application of 
this formula to a historical situation serving as a historical example.

Here it may be of some interest to mention that Boris Hessen, 
so often called the ‘father of extemalism’, presupposed the auton­
omy of scientific cognition, ‘acknowledging’ its closed and time­
less internal laws of development which have their origin in a pos­
itivistically conceptualized cognitive situation. His externalism was 
reduced to two epistemologically non-relevant factors, thinking of 
technology as being a force motrice of science through its needs 
and the problems to be solved. The appropriate expression to be 
used for this understanding of science is perhaps ‘externalist inter- 
nalism’, expressing the eclectic nature of the view. It was not an 
appropriate framework to solve the special epistemologically rele­
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vant problems of the emergence of the special cognitive attitude(s) 
typical of science, as it was simply impossible to raise this problem 
in it. The only detailed epistemologically relevant approach (with­
in Marxism) to the understanding of the emergence ot the cogni­
tive attitude typical of modem science - which was then social 
constructivism - was written at the turn of the thirties by Franz 
Borkenau, then a Marxist of left-wing orientation. His book was 
entitled Der Vbergang vom feudalen zum biirgerlichen Weltbild: 
Studien zur Geschichte der Philosophic der Manufakturperiode, 
in which he made use of Lukacs’s above-mentioned ideas, trying 
to develop some earlier research done by Cassirer in Das Erkennt- 
nisproblem into a concrete historical explanation of Marxist type.

According to Cassirer, the mechanical point of view came into 
being as a common categorial system of the new science and phi­
losophy. Moreover, the domination of knowledge-critical philos­
ophy and that of the mechanical point of view came into being in 
one process conditioning each other. Borkenau criticized Cassirer s 
conception for remaining at the level of plain description. The 
further task, he said, is to deduce this change of cognitive attitude 
from historical processes which are of socio-ontological nature (to 
use a modem expression). What he claimed was the historical so­
ciology of the change of the reasoning attitude and of the ontolo­
gy of Nature.

How did he think the ontological categories and the cognitive 
methodology (and goal) had changed when they were forced to 
do so by the overall changes in social being up to the mid-17th 
century? In Borkenau’s opinion this transformational process had 
two main levels. First, he traced the origin of the mechanical 
world picture in the special division of work of manufacturing 
type as being the blueprint of natural objects as they appear with 
in the division of manufacturing work. According to him, the basic 
categories and methods of science owe their origin only partially 
to the interaction between man and Nature in work. The ideas 
which emerged in the course of the interaction between man and



108 IMRE HRONSZKY

Nature always had to fit into the whole world picture and also to 
the knowledge of social processes concerning man—man relations. 
Furthermore, he ascribed the main impulse to the category-form­
ing effect of societal experiences. For this reason he set himself 
the task of showing the origin of the main categories of the me­
chanical point of view as they reflected the changes in social being, 
that is, in the societal position of the individual. Therefore he tried 
to demonstrate the changes in the conception of natural law in the 
political quarrels of the 15th-17th centuries, reconstructing the 
societal-political fights and the ideas of those taking part in the 
party struggles. Having a look at the transformation of the basic 
ontological categories and cognitive attitudes towards Nature as 
being overdetermined, he concentrated his work on the changes in 
the societal-political framework effecting changes in the world 
view. Here we have a non-cumulative view of the scientific atti­
tude in its basic characteristics. It is interesting how he argued 
against the positivistic understanding of scientific cognition, using 
as evidence the emergence of quantum mechanics. An attack 
against positivism would have remained earlier an abstract epis­
temological, philosophical issue, a curious attack against the most 
certain layer of knowledge, he wrote. The assumed universal valid­
ity of mechanics prohibited the questioning of the assumed objec­
tive (understood as merely reflective) and cumulative nature of 
scientific cognition, reducing the curiosity about the process of 
getting rid of those hindrances which were assumed to distort the 
natural cognitive attitude. He shared Cassirer’s evaluation that the 
emergence of quantum mechanics made these conceptions dubi­
ous, just within scientific practice. In Borkenau’s view the cogni­
tive attitudes towards Nature were formed in a double process of 
material action in work and in wider social processes determining 
the world view. Knowledge reflects Nature as it shows itself, as the 
product of this two-sided process. Some Marxist reflections may 
have thought that his approach was nothing but an implanted 
Kantian epistemology within Marxism, rejecting it because of its 
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‘agnosticism’, but Borkenau’s view that the type of organization of 
work may have affected the knowledge gained does not necessarily 
imply agnostic features. It can be brought in harmony even with 
the idea of advancing true knowledge by means of forming a suc­
cessive series of work interactions with Nature, in which series the 
‘mechanical part’ of the world is that which is explorable through 
the mechanistic division of work. Such a view may not run contra­
ry to the assumption of the possible radical changes of all of our 
ontological categories.

Borkenau’s aim was to show that a new view of Nature and its 
cognitive appropriation fitted integrally into social practice as a 
whole. The new cognitive orientation unified the bourgeois inter­
est in the rationalization of production and the transformation of 
socio-political conditions, and afforded such a science that could 
hopefully serve a new form of production and function as ideol­
ogy.

But the fate of a historical explanation is determined eventually 
not by its intelligibility, but by its proved explanatory power. And 
some of the vitally important assumptions of Borkenau’s model 
were proved untenable. The direct fate of Borkenau’s hypothesis 
is rather well known. Here we have in mind Henryk Grossmann’s 
answer (at that time also a member of the Frankfurt School, but 
neither he nor Borkenau had anything in common with the later 
Critical Theory approach), in which he proved point by point with 
regard to all the essential issues that Borkenau’s explanation was 
untenable.11 He pointed out rightly that at the beginning of the 
17th century, organic manufacture simply did not yet exist, that 
the presentation of the party fights was problematic, and so on. 
The endeavour to find the basic social ontological structure that 
determined the cognitive structure and the basic ontological as­
sumptions of the new science in the mode of the division of la­
bour came to a deadlock.

To sketch an alternative, Grossmann returned to the widespread 
view of his time which emphasized the role of the exploration of 
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machines in the emergence and development of mechanics. This 
turn was based on a naive epistemological point of view. In his 
opinion the need for the more intensive exploration of machines 
can lead easily to the knowledge of the laws of mechanics. (So he 
thought that Leonardo took certain basic laws of mechanics as if 
they had already assumed their scientific lawlike form.) He also 
supposed that a step by step generalization of mechanics, that is, 
induction by way of analogies, had led to the mechanical world 
view.

We have to pay attention to the fact that in their debate they 
explained the origin of modem science in two different ways, 
as they accepted two different notions of science. According to 
Grossmann, the simple knowledge of technical rules, when getting 
a mathematized form, makes out already a scientific law, and the 
world picture is nothing but the extension of scientific knowledge 
into the whole world by means of analogies. The branch of Marx­
ism represented by Grossmann acknowledged uncritically the in- 
ductivist-empiricist-positivist model of scientific cognition and 
gave it a simplistic materialist interpretation (cf. later especially 
Bernal).

Differing with Grossmann, Borkenau conceptualized scientific 
knowledge as theory, an ontology whose elaboration will be made 
in the structurally interconnected process of understanding so­
cietal and natural processes. Those who accepted a social-construc­
tivist approach to scientific cognition understood the vital impor­
tance of the first step to be made when they tried to prove the 
constitutive acts in working out the basic cognitive attitude and 
ontological system characteristic of the new science.

It is obvious that after Koyre’s results a Grossmanian type of 
historiography of science was demonstrated to be naive on the 
grounds that it was not able to see the difference between the two 
types of knowledge (exemplified, say, by the facts experienced 
and by theoretical facts), and that, consequently, it tried to point 
out a continuity where there was a jump to be explained. If the 
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specificity of theoretical science could then be used indeed against 
the simplistic externalist modes of explaining, nevertheless it 
would not prove that the history of science cannot work out a so­
cial-constructivist understanding of the emergence of theoretical 
science within the complex of cognitive activities.

I think that the foregoing is enough to demonstrate that some 
sort of social-constructivist approach had already been developed 
in the first three decades of the present century. All of them were 
macrosociological in character. Karin Knorr-Cetina expresses her 
scepticism, as she thinks these sorts of models are based only o 
congruencies and that the genetic side is spared (dls™s^; J*0 
these sorts of explanations necessarily remain more> than de> bt 
ful12 This warning is important, nevertheless I think.thereis 
something in this objection that cannot be accepted. First th 
best macrosociological social-constructivist approaches use a tine 
mixture of congruential, functional, symbolic and structural ar­
gumentation that is not reducible to simple aims of congruence. 
Secondly, tendencies can be made probable even whenvlt^ly^ 
portant genetic chains (types of questions such as what is the m 
chanism of the process by which an individual is 
some assumed socially constructivist effects in his or hercogmt 
activity) cannot yet be reconstructed. (This is the problem with 
which Edgar Zilsel had so much to do in his pioneering studies on 
the early 17th century.) Nevertheless, there is at least one o er 
serious problem beyond that of the unbelievabihty of simplistic 
congruence models. This is the threat of oversimplification when 
defining the object of research. (Remember that Scheier defined 
science as being nothing but a cognitive apparatus to give regular 
predictions based on generalizations rooted in a system of laws.) 
This ‘nothing but’ reductionism can be highly misleading w en 
followers of some perspective insist on it even when complicate 
organic ties begin to appear evident.

We have tried to describe knowledge-sociological approaches to 
scientific cognition in the early 20th century and compared t em
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with those that remained satisfied with the more moderate ‘social 
conditioner, or, to put it differently, the ‘science-in-context’ 
approach. It would be very important for the awareness of scien­
tific research to try to explain from the social situation why they 
all committed themselves to limited knowledge-sociological ap­
proaches making a priori concessions, but there is no place here 
to do it. Instead, the first part of the presentation will be closed 
oy asking for the comparison between the classification intro­
duced here and the common understanding of the story of meta- 
reflections on the history of science classifying the approaches as 
externalist or internalist. It is well known that this classification 
was introduced into the debate by internalists in order to separate 

emselves from all types of people who anyway rejected the idea 
that the mind works in itself for itself. Hessen or Merton would 
then be misleadingly thrown into the same bag as the early Lukacs 
or the microsociologists. To demonstrate the basic line of demar­
cation to be used (within the ‘externalist’ class?), let us see for a 
moment the ‘extemalism’ of such ‘social-conditionist’ researchers 
as Hessen or Merton. First, we have to make a distinction between 
two questions - one about the motivation structure of scientific 
work, the other about the existence of an immanent rationality 
of scientific cognition, or, to put it differently, the question of the 
immanent laws of scientific cognition. After the model of Hessen 
from S ^Cipia, to knowledge needs mainly arising 

m the technical needs of his age; as a scientist he worked out 
the principles necessary to the solution. (The same applies to the 
problems of which he is assumed to have been aware ) In this re­
spect this model is not only ‘externalist’ but crudely reductionist 
Hrst, it is question-begging when it assumes an immediate mo-

ating effect which mobilizes scientific cognition without any 
diations only through the synthesizing overview of the knowl-

slandinVlf teC^,Ogy- h narrows not only the praxis under­
standing of original Marxism, but it makes it difficult to get a his­
torical epoch-adequate understanding of the scope of praxis too 
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That is why Hessen’s later opponent, G. N. Clark, could ask in 
1938 why Hessen had forgotten about such important areas of 
practice as medicine and music. By the way, Clark gave a ‘social­
constructivist’ interpretation to the emergence of the new, calcula- 
tive attitude in early modern science when he referred to mer­
chants and so on. But the whole of his attitude was internalist, 
making sure that the most important factors in the emergence of 
the new science were the ‘internal’ ones.

However, when applying the views of the ‘externalist’ Hessen 
concerning the preconception of the immanent laws of the devel­
opment of scientific cognition, we find, perhaps surprisingly, that 
Hessen shares just the same ‘internalisin’ as his later sarcastic critic, 
A. Rupert Hall. The old externalism—intemalism debate was, in 
some of its decisive points, within the limits of the ‘standard view’: 
only motivability, problems and models were allowed to have 
come from outside.

The social-constructivist social-historical approaches appeared 
in the 20th century in waves. After their relative flourishing such 
approaches almost vanished during the thirties and forties. There 
is no place here even to sketch (and what is more, much more 
research should be done to know more exactly) how and why 
these sorts of approaches were pressed back at that time. This 
change in the attitude on the meta-level has its more basic corre­
late in the changing place of science as social symbol. (The causes 
seem to be rather different in Western countries from those in the 
Soviet Union. Because of the shortage of space here I can express 
only some ideas concerning the Western milieu.) In Western soci­
eties science was felt to be increasingly threatened by various so­
cial processes (fascism, the appropriation of science by the big mo­
nopolies, and, according to liberals, even by the idea and reality of 
planning science in the Soviet Union). Liberals took the thesis of 
the autonomy of mind and that of science ever more emphatically 
as an important part of the defence of human freedom. Science 
was thought to be and was really threatened by various social pro­
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cesses; and the aim to resist this process reinforced in an ideolog- 
WhAt e™PhaSlzed man^ a sPeciaJ sort of questioning like this: 
What is that unobjectionable rational method and norm system of 
inXT U S° outstanding’ and what social conditions
mside and outside science can be favourable as securing a non-dis- 
torted development of science? Society and not science was ques-

”®d’ Sclentmc cognition was a priori, assumed as having an out­
standing objectivity, rationality, defining its immanent laws of de-

mind aS ,aSt explanans’ etc” 311(1 its especially deep 
ological commitment forbade even the tentative questioning of 

the attitude itself. The changed social milieu worked as I guess as 
a sort of preventive apparatus. The history and philosophy of sci­
ence had to develop within the rationalistic-autonomistic frame-

There f°1Iowed 016 of Mertonian
orms, of the Logik der Forschung, aimed at ensuring the scienti- 

°f c°gnitl°n, Koyre’s conceptual-analytic approach 
that of Hall s history of ballistics and of the ‘Society for Freedom 
in Science setting and delimiting the fundamental outlines of how 
to conceive of scientific cognition and its history.

3. FULLY DEVELOPED KNOWLEDGE-SOCIOLOGICAL 
METHODOLOGY - WHITHER NOW?

It is already a commonplace to refer to certain roots of the knowl­
edge-sociological perspective of scientific cognition as being inside 
the rationalistic approach. To put it very briefly, the argumenta­
tion emphasizes the shift within rationality researches from the 
methodology researches (as were the verificationist and the falsifi- 
methnHtlOneS) ? ±at °f rationality itseIf> the justification of 
Zn be tgieS fn601*1768; to the argumentation that there 
caLei/T methodologies defined by their problem-solving 
Xus tVX ? has been beco™ng more and more ob 

ous that the rationality-problem’ is not solvable without taking
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into account the possibilities of different epistemic goals and, as a 
consequence, different rational methods.14 The illusion can then 
emerge that with this step the annoying problem for rationalists of 
older type, of the necessary step of decision when developing the­
ories will be accounted for in a manner satisfactory for rationalist 
requirements, as it leads the decision problem back to the choice 
of cognitive goals and so it leaves the autonomy requirement, so 
important for rationalists, intact.

David Bloor replies elegantly when demonstrating the need for a 
(micro Sociological account of chosen rationality, happily meeting 
up with the standpoint of Garry Gutting.15 One bridge between 
the camps is already built up when, from one side, the necessity of 
social explanation (of some kind) has been acknowledged by some 
sort of rationalists (1 am not sure whether Gutting is willing to ac­
knowledge the necessity of some special sorts of social explanation, 
too) and, conversely, some sort of knowledge sociologists found it 
natural to accept that the social construction of scientific knowl­
edge proceeds precisely through rationality.16 (Now it is of sec­
ondary importance that the knowledge sociologists who take part 
in building up this communication bridge insist on the claim of the 
demonstrability of all these reasoning processes as being from one 
end to the other something in concreto socially constructed prac­
tice of rule following.) Two groups of extremes have already been 
surpassed. First, those rationalists who cannot accept that social 
goals and decisions can be translated into cognitive ones, despite 
the growing set of thoroughly demonstrated empirical examples. 
Secondly, those knowledge sociologists who, committed to a spe­
cial reductionistic approach, try to show that reasoning processes 
are nearly arbitrarily formable even in similar social situations, re­
ducing reasoning processes to pure epiphenomena of special indi­
vidual social situations. There is a tendency, represented by some 
sociologists, to look at the cognitive situation as if they accepted 
the pretty saying of E. Topitsch that 'cuius regio eiusparadigma’. 
(There is much use of the idea of the ‘judgemental-relativist’ un­
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derstanding of the cognitive situation in some knowledge-sociolog­
ist approaches.)

I want to make two further remarks, one concerning a wide­
spread interpretation of the microsociological essence of the new 
knowledge-sociological approach, and one on the relativist-instru­
mentalist epistemological interpretation given as an ideology to 
most knowledge-sociological researches. Last, returning to the 
comprehensive viewpoint of the study, 1 shall shortly argue for the 
‘weak programme’, as it seems to me that it intends to take back 
most consistently that reificationistic apriorism which, I think, is 
the most strong hindrance in our mind to understanding science as 
an integrative part of the critical practice of the self-creation of 
free mankind.

I think the new knowledge-sociological approach is proud of its 
m/crosociological perspective. It is true, case studies demonstrated 
the alternative structure of scientific cognition even in its smallest 
units and the manifold factors that affect them. It has also been 
demonstrated in many case studies that the role and meaning of 
more general cognitive elements can be understood only historical­
ly when their functioning will be explored as well as their seeming­
ly ‘minute’ social aspects. (For example, not puritanism itself but 
its moderate form should be referred to if we want to give a knowl­
edge-sociologist explanation of the puritanism thesis.) That is, the 
fact that the ‘tinkering principle’ has been at work is somehow 
demonstrated. Nevertheless, the success of this principle does not 
prove that the knowledge sociologist should be a sort of vegetarian 
and should abstain from looking for the process of development of 
‘sociological universals’. (The problem is difficult, of course, and I 
do not think that timeless ‘universals’ should be carelessly taken 
over into empirical researches from sociological theories, but a re­
search without responsiveness for generalizations to find tenden­
cies in the history of scientific cognition rests on the level of socio­
logical craftsmanship. You can’t see the forest for the trees...)
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There are a lot of reasons for quarrelling with knowledge sociol­
ogists of different shades, but the big stumbling-block is surely the 
commonly shared idea of the thoroughly relativist-instrumentalist 
epistemological interpretation of the work to be done by the 
knowledge sociologist. There are different sorts of strategies for 
the defence of this attitude, e.g. developing a theoretical interpre­
tation of scientific cognitive practice based on the Wittgensteinian 
understanding of action, then something like the method of ‘place 
your finger into the wound’ from the Scriptures, itself in a gener­
alized fashion and a more individual one. For example, to mention 
just one at random, the reader can find in Daryl Chubin and Sal 
Restivo the following argumentation that speaks for itself. We 
have to replace such terms as ‘objective statement’ and ‘truth’ with 
the term ‘insight’, as no insight can ever be final or absolute, no 
system for arriving at insights can ever be universally valid and un­
changing in its foundations, and there is always a broader context 
or higher level for establishing an insight than that of any given 
system of inquiry. That these characteristics do not necessitate the 
change of our terminology and let drop our truth problem has 
been demonstrated in detail by Mary Hesse.17

But the more serious problem is not the epistemological inter­
pretation of what the knowledge sociologists do. It could be neg­
lected as ideological self-defence developed to the extreme, need­
ed for securing the early development, but, as I assume, and I 
think a lot of knowledge sociologists would readily accept it, that 
there are serious methodological differences between a knowledge- 
sociological approach committed to a consequently relativistic- 
instrumentalistic understanding and others. For example, some 
writers committed to the instrumentalist approach seem to come 
close to a conventionalistic understanding of language, which 
brings with itself the same question-begging situation as the ac­
ceptance of the radical Duhem-Quine thesis. I think Mary Hesse 
argued convincingly for a minimum acceptance of the realist inter­
pretation of scientific knowledge. It brings us nearer to the prob­
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lem of the artefact character of the objects to be explored by sci­
ence and knowledge. It is a widespread belief among knowledge 
sociologists that it is this artefact character that requires the ac­
knowledgement of a throughly instrumentalist understanding of 
the cognitive situation. It is true that we can meaningfully speak 
of truth as correspondence only when we take into account that 
our knowledge corresponds to Nature through our artefacts. This 
is the problem that leads (epistemological) constructivists (the fol­
lowers of Lorenzen) to their foundational-intention researches 
and to the assumption that science is nothing but knowledge of 
technology. Marxists should try to understand the situation in a 
more complicated way, the possibility of interpreting truth in a 
double way is given within their system of knowledge. First, as a 
correspondence relation between knowledge and that ‘artefact’ 
which is worked out to be in congruence with this knowledge by 
building up ‘walls’. Mechanics is valid knowledge of mechanical 
artefacts. This statement is not intended either to bring back es- 
sentialistic ontologies or to cover the fact of the many-to-many 
relation between facts and theoretical facts. Nevertheless, I think 
it allows us to say more of truth than Hesse’s learning machine 
does. In this way we can then speak about the problem of the 
truth of our knowledge in the meaning of corresponding to Nature.

Returning back to the criticism of the thoroughly instrumental­
istinterpretations of a fully developed knowledge-sociologist meth­
odology, I think that insisting on the essential feature of scientific 
cognition that it looks for truth (truth claims being formulated 
within some cognitive goals, nevertheless truth understood in the 
meaning of correspondence, too, not as a reducible part of it) 
helps the sociologist to be sensitive to those constraints which 
work in the social process, and hence in which ‘a part of the raison 
d'etre of the laboratory is to serve the carrier of the scientist when 
he/she wants to persuade the readers of his/her papers that the 
statements involved in them should be accepted as facts’.
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Bloor and most of the knowledge sociologists want to explore 
the social structure of scientific knowledge taking as their model 
up-to-date sociology in order to give a descriptive account of the 
issue. There is a reificating moment left in this perspective which 
became the focal point of criticism by Daryl Chubin and Sal Res- 
tivo.18 They claim that there is a role of meta-inquirer as a social 
critic and activist. I think one sort of development got its fina 
point with this ‘weak programme’. There are no more a prion 
fixed commitments as starting-points that make our understanding 
of science in some moment scientistically committed. The sei -re­
flection of science began with the narrowest possible perspective 
laid down by positivists, who declared science to be the natural 
objective behaviour, and continued as the long-lasting effort o 
look for the self-grounding of science in the form of rationalistic 
approaches, the achievement of which has not been what was in­
tended, but the demonstration of the systematic defects of the 
rationalistic approach to science. This is a very important achieve­
ment as defects can -be systematically recognizable only in com­
parison to structure and elements. The rationalist approach is now 
handing over the field to sociological understanding as the descrip­
tion of the social nature of scientific cognition. But social knowl­
edge is for social action, and Chubin and Restivo formulated the 
programme of a social knowledge manifestly committed to social 
action. This critical approach led them to their overall questions. 
In what kind of world would what kind of epistemic activity lead 
an epistemic community to conclude that it was (according to its 
own definition) improving its model of the world. And what are 
the implications for those inside and outside the epistemic com­
munity (in terms of quality of life, the distribution of power and 
so on)919 They want to realize their social-critical and activist ap­
proach in the form of ethical and value analysis and criticism,
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respectively. Whether this perspective will or will not be reduc- 
tiomstic is a problem which is stated here without the opportunity 
to explore it.

Technical University, Budapest

NOTES

1 Various aspects of this turn are exemplified by Forman’s well-known study on Weimar 
sSb ’ ™ U’e S0Cial of scie^e, by the programme of the
Starnberg group and by B. Young’s reinterpretation of natural science.

f. T. Veblen, The Place of Science in Modem Civilisation and Other Essays, Russell 
and Russell, New York 1961. The articles used here for analysis are mainly ‘The Place 
of Smence m Modem Civilisation’, and ‘The Evolution of the Modern Scientific Point 
Czl V IC XV *
3 Veblen should not be misunderstood. He conclusively denied the view which claimed 

’“TIT6 int° 1X108 f°r indUStry’ by means of achieving some direct 
P^gmatic goals of the latter. He supposed that the accordance between industry and sci­
ence was guaranteed by a connection of ‘higher level’ than that. “While even the scien- 
Xe/whoT V ““V’ ,hat °f thC PUeb‘° myth-maker’ - canons of validity 
£ t t g“,danCe he Works those imposed by modern technology, through 
habituation to its requirements; and therefore his results are available for the'technologi­
cal purpose... Hence the easy copartnership between the two.” (Veblen, Op cit p 17 ) 

his justification of technological usefulness in principle appears e.g. in the light of the 
•Stat Z ’ “ ■b“ »d “
according to Veblen, pragmatic interest’ can only be a hindrance in the process of the 
oretical research. We should think of the difference between the cases of preparadigma- 
tic, paradigmatic and postparadigmatic stages of research.
(1926^) SChe'er’Wissensformen unddie Gesellschaft, Francke, Bem- Munchen 1980

* Op. cit.,p. 101.
7 Cf. Science at the Cross-roads, Frank Cass Comp., 1971 (193 ]1).
« r Wittfogel, Die Wissenschaft der biirgerlichen Gesellschaft, Malik, Wien 1922
1968 nnTou und ^ssenbesvufitsein. Werke, Vol. II, Luchterhand, Neuwied 
1^00, pp. OUy —Diz.
’ There is a widespread opinion that Lukacs in his Class Consciousness excluded Nature 
from the philosophical reflection when he acknowledged the validity of the ‘formal-cal- 

ocial processes. There is some evidence for this interpretation in the book and even in 
Lukacs s own reflections on it, nevertheless I think it is more correct to regard his con 
ception as one in which he looked for transcending this narrowed down perspective to 
explore Nature, the contradictory character of which he exemplified inTpmblem of
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the Kantian Ding an sich. And it seems to be quite likely that he supposed to get the so­
cial-constructivist forming effects from a new type of society.
10 Alcan, Paris 1934.
11 Die gesellschaftlichen Grundlagen der mechanistischen Philosophic und die Manufak- 
tur, Alcan, Paris 1935 (Z. fur Soc. Forsch. IV.).
12 K. D. Knotr-Cetina and M. Mulkay (eds), Science Observed, Sage, London 1983, p. 
116.
13 We have no space here to speak about the decline of scientific research in Marxism 
under Stalinism till about the early sixties.
14 Marta Feher argued (in different articles; cf. e.g. the present volume) for a lesson to 
be learned from the problem shift to the meta-level and hence to a broader context of 
rationality. She found a consequence to be drawn in the working out of a sociology of 
cognitive goals. It is not a big step to interpret some decisions for (i.e. in favour of) cer­
tain cognitive goals instead of other ones as ‘interiorizations’ of social goals outside the 
scientific community. Wider groups are yet to be explored so as to become part of the 
‘epistemic community’, taking part in the formation of the cognitive attitude. It can be 
supposed that this ‘interiorization, will be made, at least partly, unconsciously. On the 
other hand, there are a lot of changes in the cognitive attitude within science, which 
means a challenge for the ‘society outside’. (I am using this term here acknowledging 
Bloor’s description of ‘insulation’ in his Wittgenstein book.)

I find the term ‘epistemic community’ as it was introduced by Knorr-Cetina very 
useful, and I think it can be used to explicate not only microsociological situations. 
Think, e.g., of the social types and forms of rationality researches.
15 Cf. J. R. Brown (ed.), Scientific Rationality: The Sociological Turn, Reidel, Dord­
recht 1984. (My lecture is completed by this reflection on the book which was not yet 
available at the time of the Conference.)
16 It becomes more and more obvious that reasoning itself is a social product in the non­
trivial meaning that its emergence and working are social-constructively produced and re­
produced.
17 Cf. the article of D. Chubin and S. Restivo in K. D. Knorr-Cetina and M. Mulkay 
(eds), Op. cit.
13 Op. cit.,p. 61.
19 Op. cit.
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ON RECENT PROBLEMS OF THE SOCIOLOGY 
OF SCIENCE IN THE CONTEXT OF K. MARX’S IDEAS

When the social character of science and its history comes into 
question, the direction of discussion is usually determined by o 
understanding of science itself. Indeed, what is science Science 
can be understood as: (1) a system of ideas and their development, 
(2) a social institution; (3) a cognitive system.

Let us confine ourselves to these three approaches, which now 
seem to be the most widespread in the literature.
(1) When science is considered as a complex of ideas, it is sup 
posed to exist in society, where there are many Y
other than scientific, and the question concerns the influence ot 
other social institutions on science. The development of scientific 
ideas in one sense or another is influenced by external social fac- 
tors (production, religion, politics and so on). According to di 
ferent estimations of the influence of external social factors on 
the development of scientific ideas, two methodological trends 
have formed in the historiography of science: the internalist and 
the externalist approaches. Representatives of the first trend do 
not study social factors, while those of the second one mainly 
investigate the influence of society upon science. All discussions 
between adherents of these trends resulted in a somewhat para­
doxical conclusion: they proved to be in no disagreement over the 
influence of social factors on the development of scientific ideas 
Representatives of both trends held the conclusion that externa 
social factors do not influence the content of scientific ideas. That 
is why externalists, while studying the role of these factors m t 
history of science, disengage themselves from the logic of the 
development of scientific ideas, and internalists analyzing the 
internal regularities of the development of scientific knowledge o
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not care for the social context of this development. So a kind of 
division of labour took place among historians.1

Such a division of labour became possible due to interpreting 
the functioning of science in society as in one way or another 
stimulated by social needs. Nevertheless, not all the aspects of in­
ternalists’ and externalists’ investigations could be included in the 
framework of such a view of science. In the works of some exter­
nalists (for instance, J. Needham, E. Zilsel, R. Merton, bearing in 
mind the latter’s study of English science) definite stereotypes of 
activity in different spheres of social life — in science, production, 
politics, the arts, and in religion — were revealed. These stereo­
types proved to be inherent in definite epochs of history or in 
some geographical regions, with their own distinctive features, 
uniqueness, and peculiarity.

Analogous tendencies can be seen in internalist works. One 
should note first of all the concept of the style of thinking of a 
definite epoch (A. Koyre contributed much to its elaboration). 
Scientific thinking was placed in the general context of culture, 
and it was shown to have characteristics which change from one 
historical epoch to another. The connection of scientific thinking 
with philosophy is emphasized by this approach (as opposed to 
positivism).

In studies on the history of science in which this history is un­
derstood as a social process, an analysis of the functioning of sci­
ence in society reveals the role of final scientific results as utilized 
by society. It is not important how they have emerged in science 
as a result of the creative activity of a scientist relying on the avail­
able scientific knowledge, in accordance with the laws of its devel­
opment. What is important is to study and to understand the ex­
ternal stimuli to scientific creativity, notwithstanding the fact that 
these stimuli can only realize the possibilities of development al­
ready available and cannot create new ones. This kind of social 
analysis of science and its history does not touch upon the process 
of the making of new scientific knowledge as unique and peculiar.
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At the same time, some historical works take on the task of ana-

the studWstyle” of thinking (for instance,

~Midd‘e
Aces or in the modem times). .

Science is subjected to historical investigation' ™d 
first, science as a totality of final results no ™‘‘e^ 
them, when, and on what principles, w.thm what famof so 
lations, social intercourse among scientists, businessmen P 
ticians and so on; secondly, science as a definite fanof 
possessing its own characteristic features in each 
and oriented to the making of new knowledge. Y 
situation is unique, and the results of activity in this-tuation are 
also unique; they are of interest as bearing the of sden-
ator' be it conceived as a historical epoch, a comma y

'"Z: — two types of cooperation of people co- 
operation through the exchange of final results (t e1 o p 
entific activity, on the one hand and the outcome of 
opment, expressed in th'e fam of socul needs, on the o), 
the cooperative activity of people in the procesof p 
unique scientific results. The separatum of sc.ent.fic knowledge 
from the activity directed at its creation proved in mW® 
hp ineffective in solving the fundamental problems ot the nistory 
of Xce Scientific knowiedge itself is sometimes understood as 

an active form of intercourse. -zxnciHered as a
(2) Another concept of science, when sc.ence is 
social institution embedded in society, presuppo^oc.olog 
ical study of the characteristic features of that m^tut 
possesses its own hierarchy, ethical norms o .
and motives of activity, and system of encouragem j
sociologists (first of all R. Merton and his school) study 
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institution of science apart from the content of scientific ideas; 
they do not pretend to analyze scientific knowledge. The social 
institution of science functions as an intermediate link between 
the development of scientific knowledge and society, as a means 
of transmitting social needs to scientists — and static scientific 
knowledge to society. Scientific knowledge is here a kind of ‘black 
box’, ready for use.

These sociological investigations also lead to some ambiguity in 
our understanding of science: the same problem of two types of 
activity is put forward, although in another way and in connection 
with the elaboration of the concept of scientific community. Rela­
tions among members of a scientific community (taken in the 
Kuhnian sense) depend on their adherence to scientific ideas, and 
on their ability to defend those ideas in discussions with scientific 
opponents. The development of scientific ideas and the emergence 
of new ones in the process of scientific revolutions is connected 
with the activity of the scientific community. The same can be 
said of such concepts in contemporary sociology of science as 
‘problem group’ or ‘invisible college’. Science can be understood 
by sociologists not only as a social institution, dealing with final 
scientific results, but as an activity organized for the production of 
new knowledge.

Again, we come across the same problem concerning the pos­
sibility of uniting the structure of scientific knowledge with the 
activity directed at its invention, and concerning the opposition of 
this form of activity to another one, when the exchange of the fi­
nal results of the activity takes place.2
(3) Finally, cognitive sociology of science reconsiders the same 
relations. In this case, it is the cognitive possibilities of scientific 
thinking that are in question. Different scientific methodologies 
and different ways of cognition are formed in different historical 
epochs depending on the peculiarities of the social structure and 
of culture. But the application of different methods implies differ­
ent results, the content of scientific knowledge changes from one 
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epoch to another. There is nothing stable or constant in it; it loses 
its objective character and the significance of truth becomes doubt­
ful. Scientific knowledge in its structure and in its content merges 
with creative activity, and this activity in turn is determined by so­
ciety. In the end, the conclusion is that scientific knowledge is 
formed by society in the sense that it does not depend for its 
content on the world of nature.3

While an earlier period was dominated by the idea of separating 
the structure and content of scientific knowledge from the act of 
discovering, nowadays, on the contrary, scientific knowledge is 
seen to merge completely with that activity, and thus with the 
world of human relations. It is supposed that schemes of scientific 
theorizing are directly taken and transferred from society to sci­
ence. It is not taken into consideration that the inner sociality of 
science itself integrates and pushes forms of thinking of a definite 
epoch to their utmost logical idealizations and, subsequently, 
norms of thinking are spread in society out of science and philo­
sophy. Different methodologies, different types of thinking in dif­
ferent epochs realize different possibilities of the reality which al­
ways remains the subject of scientific study.

As stated above, the centre of gravity in the analysis of science 
by historians and sociologists shifts to the study of human rela­
tions directly connected with the contentual aspect of scientific 
knowledge. A scientific theory or its logical structure is considered 
in the perspective of its possible competition with other opinions, 
its development into a new theory, defended by other representa­
tives of a scientific community. In this case, conclusions of a sub­
jective and relativistic character result from a definite shift in the 
analysis of sociality. In the middle of the 20th century, the study 
of the history of science as a social phenomenon focusses on the 
relations of external causal influence, that is, human relations, 
which are determined by how the results of scientific activity func­
tion in society. Most investigators, as stated above, have come to 
the conclusion that this kind of social relations cannot directly in­



128 LUDMILLA A. MARKOVA

fluence the content of scientific ideas. However, the further false 
conclusion has also been drawn that the content of scientific knowl­
edge is completely outside any sociality — that it is not social.

In the past one or two decades, the situation has changed essen­
tially. External causal determination has receded into the back­
ground, and human relations, which are assumed to dominate the 
production of new knowledge, have come in the focus of atten­
tion. In this situation investigators face some quite new and real 
difficulties. Indeed, is it possible to call these relations social? Is it 
justified to reject the traditional idea of sociality, and what will 
the consequences of such repudiation be? Can we change the con­
cept of sociality radically? Is it necessary to contrast these types 
of relations between people as different, or are they of the same 
nature?

However, many representatives of contemporary microsociolo­
gy are disposed to mechanically bring together different types of 
human relations and to attribute to all of them the function ot 
forming the contentual aspect of scientific knowledge. Both the 
relations which exist in science as a social institution and the ( less 
social’) relations between scientists in the process of the creative 
activity and the activity directed at the justification of scientific 
knowledge are presented in their works side by side. It seems to 
me that this way of investigation is not productive. In order to 
tackle difficulties which nowadays face philosophers of science, it 
is necessary, on the contrary, to realize that sociality in science is 
a definite problem, that there are different types of human activi­
ty and they are not equivalent. It is no mere chance that in his­
toriography, sociology, and philosophy of science either one type 
of relationship is pushed into the foreground, or the other, and 
depending on this, there are different interpretations of scientific 
ideas from the point of view of the possibility of understanding 
them as a social phenomenon. Two or three decades ago most in­
vestigators of science sought to isolate the content of scientific 
knowledge from social influences. Nowadays, on the contrary, it 
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is maintained that knowledge is completely formed or determined 
by society, and it does not possess any independence of its own.

The question arises whether it is possible to explain by some so­
cial circumstance the sharp fluctuations in the points of view of 
sociologists and historians of science concerning the character and 
degree of influence of society on science, or rather on scientific 
knowledge. What real forms of science in society provide grounds 
for the emergence of contrary opinions?

I shall try to answer this question on the basis of Marx’s ideas 
on science.4 First let us remember, as has been discussed above, 
that science is presented in works on the history, philosophy and 
sociology of science in two forms: science as a totality of final re­
sults, functioning in society, and science as a production of new 
knowledge through creativity.

According to Marx, science in modem society, that is, in the so­
ciety of machine production, seems to exist in two perspectives. 
On the one hand, there is science as universal labour for the pro­
duction of new knowledge in the context of culture. This aspect 
of science involves a conception which associates culture with a 
corresponding type of human relation. Here the question arises as 
to what extent and in what sense these relations can be qualified 
as social, that is to say, how we can correlate them with social re­
lations in the framework, for instance, of civilization.

Secondly, we have the perspective of science as functioning in 
society within the division of labour, as interacting with other 
forms of activity through its results. In this case, an exchange ot 
activities is realized through the exchange of the results of activi­
ties. Marx concentrated his attention in general on the second 
case. He mainly studied capitalist economies, where cooperative or 
combined (not creative) labour is dominant. Accordingly, Marx 
was first of all interested in the politico-economical laws of sci­
ence as functioning in society. I would like to emphasize that 
these laws are of great importance for the understanding of the so­
cial role of science in modem society.
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According to Marx, the division of labour as a historical phe­
nomenon only becomes truly such when a division of material and 
mental labour appears. The emergence of capitalism gave rise to 
special relationships between science and material production, 
which differ essentially from those in previous social and econo­
mic formations. First of all, Marx speaks about the separation of 
science from material production.5

In machine production, science as a spiritual potential of pro­
duction is separated from direct material labour. In a society with 
division of labour, science exists as a particular subdivision side by 
side with other forms of activity in the sphere of material produc­
tion, in the sphere of religion, politics and so on. But science as a 
particular sphere of cooperative labour, presupposing a strict divi­
sion among fields of activity, possesses its own essential specificity: 
science is a particular subdivision of society which at the same 
time presupposes the universal character of creative scientific ac­
tivity as a necessary condition for the functioning of scientific re­
sults in society. Science cannot be utilized successfully in material 
production unless it possesses its own existence outside the frame­
work of the division of labour in the context of culture, as uni­
versal labour. As universal labour, it interiorizes all other forms of 
activity.

The character of human cooperation within the social frame­
work of cooperative labour is fundamentally different from that 
within the social framework of universal labour. The correlation of 
these two types of sociality defines the place and role of science in 
the society of modem times.

In the system of the division of labour there exists a definite re­
lationship between science, on the one hand, and production, cul­
ture in general, political institutions and so on, on the other. In 
this case the other spheres of social activity appear as an influ­
encing cause, an external social factor, or as an object of influence, 
when science stimulates material production.
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Marx includes science as a creative activity in the context of 
culture whereas the social determination of science is realized 
through channels fundamentally different from the system of civi­
lization or the system of the division of labour. In Capital he 
writes- “A distinction should be made between universal labour 
and co-operative labour. Both kinds play their role in the process 
of production, both flow one into the other, but both are also dif­
ferentiated. Universal labour is all scientific labour, all discovery 
and all invention. This labour depends partly on the co-operation 
of the living, and partly on the utilisation of the labours of those 
who have gone before. Co-operative labour, on the other hand, is 
the direct co-operation of individuals.”6

Marx opposed universal labour as invention in science and art to 
cooperative labour, characteristic of material production. He paid 
little attention to this side of the matter; nevertheless the opposi­
tion of universal labour as creative to cooperative or complex la­
bour in material production is fixed by Marx clearly.

The inclusion of science in the system of cooperative labour 
presupposes the complex interaction of a scientist through the 
product of his activity (theories, formulae, laws) with many rep­
resentatives of different spheres of activity (workers, capitalists, 
managers and so on).

As a part of the system of cooperative labour, science is con­
nected with the final material product through the mediation of a 
machinery as a materialized result of scientific investigation. In 
order to function successfully in the system of machine produc­
tion, scientific results must be expressed in such a form that they 
can be used by a non-specialist, by a layman. They must be a kind 
of ‘black box’, and a machine is such a ‘black box’. A worker is 
not obliged to know the scientific principles underlying the ma­
chine design. _

A complex final product is made as a result of many kinds ol 
activity, including scientific. Everyone fulfills his part of the work, 
scientists as well. A final complex product unites all the different 
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forms of activity as a result of their adding up. Cumulative pro­
ducts of material production come about as a sum of the results of 
the working operations of different people, operations of the same 
kind, resulting in the same things. (It is in this sense and only in 
this sense that scientific labour favours the production of surplus 
value and turns into constant capital.)

The way of integration of different kinds of activity in the con­
text of culture, that is, in the context of universal labour as crea­
tive labour is quite different. In this case, all kinds of activity have 
to be united in a single mind with the end of creating something 
new, previously known to nobody. I would like to emphasize 
three moments which are necessary: all kinds of activity have to 
be integrated in one mind. A scientist can only be successful in his 
creative work if he keeps up with the standard scientific achieve­
ments of his time; he has to learn these achievements in their uni­
versal form without any mediators, without any ‘black boxes’. In 
this case an individual scientist’s labour directly, without any inter­
mediaries, interacts with universal labour. For the purpose of this 
kind of activity, scientific results have to be formulated for spe­
cialists, for whom they appear not in their completed, final form, 
but as possibilities for a new theory or a new scientific achieve­
ment. For a scientist, a result is an open system, oriented to the 
stimulation of somebody else’s thought.

Thus, in the society of machine production, science becomes 
absolutely necessary for industry. It is rooted in material produc­
tion through its results. In material production, labour no longer 
depends on the muscular efforts of people, but on their creative 
efficiency in understanding the laws of nature. However, even 
though scientific creativity is necessary for production, it is sepa­
rated from it. At the time of machine industry, science and-pro- 
duction cannot exist without one another and, merging one into 
the other, they completely lose their specific features. While the 
needs of science demand one kind of formulation of scientific re­
sults which stimulates thinking, the inclusion of scientific results
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into cooperative labour demands another formulation, suited for 
the utilization of these results by a layman. The social direction of 
universal labour and that of cooperative labour are different. If sci­
ence is oriented exclusively to practice, it will stop developing and, 
consequently, will not be able to serve practice either.

Science is separated from production, according to Marx, in two 
senses. First, as universal labour from cooperative labour, from the 
aspect of the character of the acivity itself: universal labour taken 
as creative activity which results in new scientific achievements, 
and cooperative labour resulting in complex products of material 
production. Secondly, within cooperative labour itself, the univer­
sal results of the creative capacity (productive force) of a man are 
differentiated from the partial labour of a single worker.

In the system of the technical division of labour a worker can­
not have a claim on the product of cooperative labour as his pro­
perty. This product acquires a universal character as the result of 
the functioning of a system of machines, in which the mechanical 
laws of nature are materialized. Scientific laws underlie the com­
bination of the labours of single workers fulfilling some partial 
functions, as well as of technological processes and machinery con­
structions. This imparts a universal character to the complex pro­
duct, first, as the sum of everybody’s labour (both workers and 
scientists taking part in production with the results of their crea­
tive activity) and, secondly, as a product belonging to everybody 
through the market, namely, through exchange.

Scientific activity as such functions in society through its re­
sults. In a society with a division of labour science can only in­
fluence the development of industry if it is included in produc­
tion; if it is submitted to the laws of the development of produc- 
tion’itself and ceases to be an external cause. The same can be said 
about the determination of scientific development by production. 
The needs of production have to be interiorized by science. In­
stead of being external factors, they have to turn into the inner 
problems of science itself; only then is it possible to speak about
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the influence of production on the development of scientific ideas 
in the true sense of the word.

Marx elaborated the first aspect of the question, namely, the in­
troduction of science into machine industry. Scientific labour, 
rooted in the system of machinery, is universal scientific labourin’ 
its results, a technological application of science, contrary to the 
direct, partial labour of a worker. In this case science is universal 
labour in opposition to partial labour, as an indirect expression or 
result of this partial labour. Science is a totality of final results, 
rooted in production and forming its ‘soul’. At the same time, the 
soul of scientific results themselves as scientific remains outside 

production, in the sphere of universal labour as creative labour, 
realized in the context of culture and not of production. Under 
the conditions of machine production, sociality, formative in the 
context of culture, recedes to the background, and seems to be of 
little significance.

Marx did not limit himself to the analysis of the then existing 
forms of production; he also outlined the tendencies of the future 
development of the relationship between science and production. 
He emphasizes in this connection that the application of mechani­
cal and chemical laws makes a machine able to do work previously 
done by workers. Operations performed by workers turn more and 
more into mechanical operations, and at a definite stage they are 
replaced by a mechanism. The workman’s own labour-power de­
preciates. Labour is not so involved in the process of production. 
Rather, it becomes the labour of a man who deals with the pro­
cess of production from the position of controller or supervisor. 
A workman places a natural process, which he has transformed in­
to an industrial process, between him and inorganic nature, which 
is to be mastered. In the future, instead of being the main agent 
ot the process of production, a workman will take his stand next 
to it.

In the future society of automatized production, the automat­
ized system of machinery will turn into a kind of experimental set­
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ting for the correction and confirmation of theoretical conclu­
sions. Human creative capacity will become a direct productive 
force. Universal labour in the context of culture will dominate 
over material production as well as over the sociality of coopera­
tive labour. A confrontation of these two types of sociality in the 
sphere of both material and spiritual production is the most signif­
icant moment of the modem scientific-technological revolution. 
Cooperation of people according to the principles of cooperative 
labour continues to dominate in contemporary society, but it is 
subjected to the powerful impact of universal labour.

Science becomes a direct productive force not so much in the 
sense of materializing its results in a system of machines, as in the 
development of the creative capacity of man as a universal produc­
tive force of society. The sense of that activity consists, first of all, 
not in the suggestion of new theories, but in making a new subject 
of scientific activity with new resources of creativity.

I have been speaking about cooperative labour, applying the 
term to the process of material production when analyzing the 
place of science in it. Indeed, this type of cooperation among 
people is the most characteristic feature of material production, 
and now it dominates in society in general. This kind of sociality is 
present inside science as well, when, for instance, we deal with a 
scientific theory or scientific formula without thinking about its 
origin or about its transformation into a new one, when we use it 
as the end result of somebody’s activity. This kind of activity is 
necessary for the existence of science, but it does not make sci­
ence; science becomes science only through creative activity. At 
the same time, creative activity is present in material production; 
but material production can manage without this kind of activity, 
it can do without any novelty, reproducing the same things in the 
same way and remaining mere material production.

A social picture of the existence of science in society which 
stands out against Marx’s ideas of science helps us to understand 
the different standpoints of sociologists and historians of science
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as social phenomena. The fact that science is separated from pro­
duction and that science has to possess some independence in or­
der to serve this production is the basis for theories of science in 
which scientific knowledge is considered as existing absolutely in­
dependently of society. At the same time, investigators realize an­
other fact of the life of science: contemporary machine produc­
tion is impossible without science and its results converted to ma­
chinery. They see science as functioning in society in accordance 
with the laws of production, as submitted to the ends of produc­
tion, and this consideration serves as a social basis for a contrary 
opinion about a complete dependence of scientific ideas on so­
ciety .

In the first case, scientific ideas are detached from society and 
from the activity directed at their creation; in the second case, 
they completely merge with social relations, with human activity. 
I think that Marx’s ideas on science help us to question the tradi­
tional understanding of sociality in science, and to show the time­
liness of the problem of a different type of sociality in science 
— sociality in the context of civilization.

Institute for the History of Science
and Technology
Soviet Academy of Sciences
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HERBERT HORZ

DETERMINANTS OF SCIENCE EVOLUTION 
IN THE 19TH AND 20TH CENTURIES

The main contention of the present paper can be summarized in 
the essential points of a working programme for our research 
group. These items play a heuristic role in preparing case studies 
of the determinants of science evolution in the 19th and 20th cen­
turies? Our programme is based on the following ideas:
(1) Science evolution is a complex process with several determi­
nants in each type of scientific thinking. We investigate the new 
quality of the type of science evolution in the scientific-technical 
revolution? Among the essential determinants we must distin­
guish conditions and laws?
(2) We use the statistical evolutionary law concept (SELC), de­
veloped and founded upon case studies by our research group.4 
A statistical law (or system of laws) is a general, necessary and es­
sential interrelation between the individual elements of a system. 
This law determines the possible behaviour of the system, which is 
necessarily realized as a tendency (dynamical aspect). The individ­
ual elements, on the other hand, realize possibilities in a condition­
ally accidental manner according to a probability distribution (sto­
chastic distribution), and their transitions between various states 
take place with certain transition probabilities (probabilistic as­
pect). Probability is here understood in a general sense as a regula­
rity in the realization of possibilities. A system of laws is statistic­
al, if aspects of the laws are recognized as dynamical, stochastic 
and probabilistic, and if their internal unity is established.
(3) In this context, the conditions of existence of the first order 
are necessary and sufficient factors for the realization of a tenden­
cy representing a systematic possibility. The conditions of exist­
ence of the second order are the necessary and sufficient factors
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for the incidental realization of elementary possibilities. If the sys­
tem is divided into subsystems, then these orders correspond to 
the preconditions of this subdivision. Concomitant conditions are 
those factors that lead to random modifications of the results. Be­
cause each law exists in concrete conditions, the conditions are al­
ways a unity of general conditions of existence and of concrete 
conditions for action. This applies to conditions of each order. We 
call the manifestation of a law via conditions of action the work­
ing mechanism of laws. This mechanism can only be investigated 
if the internal structure of the law is understood as a methodolog­
ical requirement that the formulation of the law should contain 
the conditions of different order, as well as the possibilities that 
are realized in a random manner, and their probability distribu­
tion.
(4) The history and philosophy of science shows a hierarchy of de­
terminants. which is related to scientific revolutions as essential 
processes of science evolution, to several sciences, to disciplines 
and the work of scientists.
(5) The impact of society on scientific cognition and that of sci­
ence on the development of society have their essential link in the 
personality of the scientist.5 In some cases this link is forgotten 
because science evolution is regarded as a process with anonymous 
persons. The scientist’s personality is not taken into account.6 In 
other publications his personality is overestimated.7 The best way 
to get the real proportions of these links in science evolution is 
through case studies.8

I. WHAT ABOUT DETERMINANTS?

Determinants of the development of science comprise the entirety 
of all influencing magnitudes. This requires us to take into account 
the hierarchy of determinants, so as to be able to distinguish essen­
tial from unessential factors and to understand the relationship be­
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tween main tendencies and side effects. The point is the condi­
tions, hence essential causes for effects, and we are concerned with 
the laws of the development of science. In this respect, it is neces­
sary to take into account three groups of factors in their interac­
tion. These are the development of society, the state of develop­
ment of the science and the role of the scientist’s personality. So­
cial development does not lie simply in external factors acting on 
scientific development but constitutes a substantial part of sci­
ence. Science can only be done if there is production, if elemen­
tary vital needs are satisfied. Whether scientists are aware of this or 
not, in terms of ideas it is society with its needs which gives com­
missions to science. Society utilizes economic, political, and ideo­
logical means for the stimulation of science and is the consumer of 
scientific results.

Intrascientific development is determined by the state of devel­
opment of theory, depending on the spheres it explains, how far 
it is couched in mathematical or quantitative terms, what its foun­
dations are in terms of world view, epistemology and methodolo­
gy, and another determinant is the results of experiments, depend­
ing on the availability of instruments.

The scientist’s personality, whether an idependent individual or 
a member of a collective, must be assumed to have a knowledge of 
scientific development, to be capable of creative work and to have 
skills in scientific method as well as the means for scientific work. 
Hence, the personality is an essential link in the dialectical rela­
tionship between science and society. The personality utilizes a 
multitude of economic, political and ideological means, so as to 
satisfy by means of its capacities and skills the short-term or long­
term requirements which are expressed in the development of sci­
ence. But the other factors are also not independent from each 
other. The utilization of political and ideological means cannot be 
separated from the role of political and philosophical theories. 
Also, experimental activity with its instruments depends on the 
development of industry.
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However, as a result of these dialectical contradictions, it may 
happen that, even though society announces its requirements and 
provides appropriate means, the results attained through the devel­
opment of science are not accepted by society as a consumer. 
There may certainly be a variety of reasons for this fact. The re­
sults may not be in conformity with the demands, or the utiliza­
tion of the results calls for new investments. Perhaps their impor­
tance is not seen. Another case is when there are the scientific pre­
requisites to solve a problem, but the creative idea for the concrete 
solution is lacking. A task of our theory must be to determine 
more accurately these contradictions in the process of production 
and reproduction in the development of science.

II. CONDITIONS FOR THE DEVELOPMENT OF SCIENCE

Laws have their conditions. The conditions of the present-day de­
velopment of science determine the working mechanism of the 
laws. They have certain new features. These conditions are: (1) the 
scientification of society and the socialization of science- (2) the 
politization and ideologization of the sciences; (3) the growing 
complexity of scientific tasks and the institutionalization of ap­
propriate management bodies; (4) the technologization of the sci­
ences and methodologies; (5) the transition from thinking about 
structures and processes to scientific development in terms of 
thinking.

is

(1)The social interest in the evaluation and in the utilization of 
scientific insights is growing. The development of science is 
grasped as an essential part of social development. This leads to 
interesting questions for the management of the development of 
science. Which lines of research are to be promoted above all?

hich priorities exist in the allocation of funds? What is the rela­
tionship between cognition-oriented and practice-oriented 
search. Is the role of chance taken into account in the planning of re-
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directions? Have the parameters been correctly determined in the 
planning of objects? The answer to these questions demands con­
crete analyses and prognoses. Science is challenged, on the one 
hand, as an immediate productive force in the development of 
technologies and, on the other hand, in its capacity of a cultural 
force as well as a humane and social force which effectively fash­
ions social structures and promotes humanity through scientific 
and technical advance. This leads to a question which is certainly 
not easy to answer: Is whatever is scientifically possible and tech­
nically feasible, also socially necessary, economically feasible and 
can it be justified in humane terms? Discussions of this question 
which characterize the interrelation between science and society 
led to considerations about external and internal factors in the 
development of science.9 One-sided approaches in the attitudes of 
intemalism or extemalism were criticized. Our point is to empha­
size the dialectical relationships between these two groups of 
factors. They are established above all by the role of personality in 
the development of science.10
(2) Science is subjected to economic, political and ideological dis­
cussion as to the effectiveness and humanity of socio-economic 
systems. The national prestige of states with different social sys­
tems depends significantly on their scientific and technological 
achievements. The existence of weapons for mass destruction calls 
for scientific measures for the safeguard of peace. Attitudes in 
terms of world view are varying between pessimism and illusionary 
optimism. The point is to achieve real optimism which is aware of 
the difficulties and problems and of the contribution of science to 
social progress and peace.
(3) Complex scientific problems call for interdisciplinary, multi­
disciplinary and interinstitutional cooperation. We are concerned 
with complex research programmes with uniform objectives which 
can be attained in a disciplinary manner. To elaborate our research 
projects is a complicated scientific task. A high level of discip­
linary work is prerequisite to the solution of complex problems.
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Disciplinary mediocrity in the elaboration of complex problems is 
increased according to an exponential function to give rise to in­
terdisciplinary mediocrity. In this context, collective work does 
not abolish individuality. Interdisciplinary research projects often 
fail because eminent scientists are not quite ready for, and capa­
ble of, cooperation, as they hardly think beyond their discipline 
and they regard the complex problem only in the specific aspects 
of their own work. The solution of complex tasks by teams of sci­
entists passes through various stages. These range from mutual in­
formation about research results in the complex theme, which can 
often be characterized as the popularization of science, up to the 
determination of stages for formulating the research programme. 
Connected with this condition are approaches towards the meth­
odology of interdisciplinary cooperation.
(4) Owing to the emerging comprehensive material and technolog­
ical basis of research, recently there developed a new relationship 
between empirical experience and theory, between special and 
global theories. Let us point to nuclear technology and to the ma­
terial bases for research in the field of high-energy physics, to 
space research, as well as to the development of biotechnologies. 
The application of information technologies also presupposes a 
comprehensive material and technological basis. The system of 
methods in science has become so mature that the question about 
a methodology is raised time and again.11
(5) Since the 19th century there has been imposing itself a heuris­
tic utilization of the principle of development in the formation of 
evolutionary theories in all sciences, which was concomitant with 
the development of the philosophical theory of development. Now 
this process is followed by a scientific justification of the principle 
of development by such theories as, for instance, the theory of the 
self-organization of systems.12
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III. FUNDAMENTAL LAWS

For the present development of science, four laws are fundamen­
tally important: (1) the law of the alternation of evolutionary and 
revolutionary phases in the development of science; (2) the law of 
unequal experimental and theoretical development in the scientific 
disciplines; (3) the law of the integration of knowledge and grow­
ing complexity of scientific tasks with practical relevance; (4) the 
law of the dialectization of science, that is, the unity of its presen­
tation in mathematical terms and of its humanization.

The law of the alternation of evolutionary and revolutionary 
phases in the development of science comprises the mechanism of 
development as an accumulation of experimental and theoretical 
knowledge in various disciplines. The accumulation of knowledge 
produces scientific revolutions whose inception represents a new 
quality in the development of science and demands the formation 
of fundamental ideas as well as their practical utilization. This has 
implications for the determinants of scientific development in evo­
lutionary and revolutionary stages. Scientific revolutions are the 
turning-points of scientific development. Among them, there are 
the achievements of Copernicus, Galileo, Kepler and Newton in the 
foundation of physics, Darwin’s theory of evolution, the uncover­
ing of the fundamental laws of social development by Marx, the 
theory of relativity and quantum theory, and the discovery of the 
genetic code. Here we get an insight into the mechanisms of crea­
tive behaviour. Scientific revolutions are the essential processes of 
scientific advance.13 They are not simply identical with the forma­
tion of new theories. Scientific revolutions comprise the change of 
the fundamental theoretical structure of a scientific discipline by 
changing the initial axioms and by determining anew the funda­
mental laws. This again in its turn has an influence on other sci­
ences. Therefore, the internal theoretical development of a scien­
tific discipline does not have the character of a scientific revolu­
tion. The initial axioms and fundamental laws of other sciences 
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must also be affected. Scientific revolutions bear essential implica­
tions on social practice through new principal solutions and through 
changing the picture of the world (change of paradigms).14

In investigating the system of the determinants of scientific de­
velopment, the point is to incorporate the stages of specific the­
oretical development and the hierarchy of theories as a unity of 
global and local theories, of natural, technological and social the­
ories, of positions in terms of world view, of epistemology and 
methodology, into the fundamental processes of theoretical devel­
opment, namely into the scientific revolutions.

In the structure of determinants it is therefore necessary to bear 
in mind a rank order among scientific revolutions, disciplinary and 
technological developments, between the emergence of new theo­
ries and theoretical advance in partial fields. Apart from this rank 
order, there exists for each aspect a relationship of essential and 
unessential factors. Besides, at the different stages a specification 
of the determinants is going on, as well as their substantiation by 
changing main determinants.

Let us now begin with the structure of the determinants of sci­
entific revolutions. In this context, there exist three lines of deter­
mination. The first comprises the theoretical deficit which acts as 
a demand for a scientific explanation. Such a theoretical deficit 
can prevail for a long time. It is stated through philosophical ex­
planations, formulated as a world enigma and is effective as an ori­
entation of scientific research if there exist chances for a theoreti­
cal and practical solution of the problem. A second main line con­
cerns social demands. They can stimulate scientific research, but 
they cannot directly influence solutions of problems. They work 
as objective interests, as formulated needs and as direct control 
tasks with means and personnel. The conditions of scientific devel­
opment as characterized above make it clear that the significance 
of social demands continues to grow. However, they always leave 
scope for the individual creativity of the scientists. This capacity 
can be used to solve problems if scientific problem solving can be
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advanced by training, by an appropriate atmosphere and by suit­
able technical means, as well as by personal reserves. The third de­
termining line corresponds to the scientist’s personality. The per­
sonality of a scientist includes theoretical approaches as a back­
ground for new theories.

From the point of view of scientific revolutions, the personal 
determinants such as curiosity, prestige-mongering and so on are 
of subordinate significance, the existence of such personalities be­
ing decisive. ............

Now, if we take theoretical development which is incorporated 
into and subordinated to the scientific revolutions, then we come 
to a subdivision of these main determinants. Let us begin with the 
sequence: idea, hypothesis, research programme, and theory. In 
finding useful ideas, the decisive factors are the researcher’s flair, 
his knowledge of the problems and his capability to wonder. Then 
the idea must be elaborated into a hypothesis, which presupposes 
the ability to formulate a scientifically justified assumption about 
an unknown fact, an assumption which can be verified experimen­
tally and theoretically. Thus a research programme is formulated 
which can be worked off in experimental and theoretical terms, 
and then social support for this research project becomes the ap­
propriate main determinant. To get the programme accepted, it is 
necessary to find sponsors who are in a position to refute other ar­
guments. In this context, it is necessary to take into account the 
impeding role of monopolized opinions. If work on the research 
programme has led to a theory, then there occurs the problem of 
social evaluation and utilization.

Main determinants for the general acceptance of a theory are 
its incorporation into training, its social utilization and the social 
prestige of its advocates. The process of the imposition of the the­
ory is at the same time connected with the internal fashioning of 
the theory, its maturity. As evaluation criteria tor a theory, H. 
Hertz indicates accuracy, truth and suitability. Accuracy requires 
taking into account logical rules to eliminate logical inconsisten-
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cies. Truth can be established by empirical investigation. Suitabili­
ty is connected to simplicity and beauty. The fashioning of a the­
ory obviously depends on other main determinants than those re­
quired for its formation or its imposition. Decisive for social eval­
uation and utilization are then social values and ideas of values 
whereas practical utility is in the foreground. The law about the 
alternation of evolutionary and revolutionary phases comprises the 
phase of the emergence of a theory with its conditions, the scien­
tific revolution, the maturity of the theory, social evaluation and 
social utilization.

The law of the unequal experimental and theoretical develop­
ment of scientific disciplines expresses that there are specific con­
tributions by each scientific discipline at a certain developmental 
stage to the development of science which are dependent on the 
concrete state of experimental and theoretical research in that dis­
cipline at a certain stage. If classical physics had determined the 
ideal of exact science until the 19th century then linguistic and 
literary sciences passed to be an expression of humanism. Psychol­
ogy showed the interpenetration of insights from natural sciences 
and from social sciences above all in the 20th century. The theory 
of relativity specified the view of time and space, and molecular 
biology grasped the relationship between information and evolu­
tion. The statistical manner of thinking was essentially influenced 
by quantum theory. The unity of theoretical and experimental 
activity is realized in the social cognitive process in which the in­
tegration of specialized activities takes place. But this is not suf­
ficient. Experimental activity always includes theoretical activity, 
and theoretical activity must take into account the results of ex­
periments and observations. It is stressed that nothing is better for 
practice than a good theory. However, it is possible to state that a 
bad theory will perish, but a successful experiment will remain 
Time and again, new attempts at interpretation are based on the 
same experiment. Just let us think for instance of the decisive role 
of the Michelson experiment in the discussion about the ether, or 
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let us remember the photo-electric effect, the Compton effect, or 
the diffraction of electron beams on crystals in the development 
of quantum theory. A good theory is confirmed by experimental 
results and can be utilized in practice.

Experimental activity and observation provide a multitude of 
data. Nowadays, electronic data-processing helps store them. How­
ever, their evaluation presupposes that they be essential data, that 
is, such as determine the character of the investigated process. In 
order to find out what is essential, theoretical notions are neces­
sary, which explain hypothetically possible experimental results 
and observations. Such hypotheses must be obtained from the pre­
vious theories and experiments by creative achievements. The mis­
givings of some scientists towards the theoretical aspect of scien­
tific development by searching for data are therefore understand­
able. Certainly only a determined quantity of data reveals the 
essence in the appearance, or allows some indications about regu­
larities. But the theoretical analysis of data, that is, their explana­
tion by a theory is an important step of scientific development 
which can lead to further purposeful experiments.

The unequal development of disciplines manifested itself in the 
history of the sciences. In the formation of physics, experiments 
and the utilization of mathematical apparatus had a decisive role. 
Chemistry and biology developed as sciences through the experi­
mental foundation of their theories and the better utilization of 
mathematical means. In social sciences, mathematical modelling is 
also used today. The processes of theory formation are not to be 
identified with their presentation in mathematical terms. The the­
ory passes through various stages of development, from the quali­
tative expounding explanation of processes via their quantitative 
measurement up to their formalization. A theory’s use depends on 
the cognition of laws contained in it which also implies the condi­
tions for the existence of the law involved. Sometimes such laws 
can be grasped as qualitative rules, other times they can already be 
presented in mathematical equations. Certainly it would be incor­
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rect to underestimate non-fbrmalized qualitative analysis in the 
development of science. Mathematics as a science requires the for­
malization of the conceivable structures. Hence, the heuristic func­
tion of mathematics is fulfilled in a twofold sense. One is through 
suggestions for mathematical thinking in a wider sense, and the 
other is the mathematical presentation of theoretical’ notions, 
which can lead to uninterpreted expressions, as Dirac’s electron 
theory showed with its theoretical prediction of the positron, or 
can uncover contradictions in theory, and then their meaning is to 
be elucidated. The point in the presentation in mathematical terms 
is not the possibility of mastering major sets of data and of quanti­
tative relationships, that is, the point is not the function of presen­
tation allocated to mathematics; the salient point is rather the heu­
ristic function of fonnalization for the construction of theories 
and for theoretically guided experimental activity.

Experimental activity has various forms. Essentially, an experi­
ment is an objective analysis of reality which is organized by man. 
The essential aspects analyzed in expeiiments are theoretically syn­
thesized. Natural sciences have developed the experimantal meth­
od extensively. This method is also utilized for the foundations of 
psychology in terms of natural sciences. Tests are used to investi­
gate behaviour patterns and capabilities of man.15

If tests are considered as a way of experimental verification of 
the existence or the absence of already recognized socially relevant 
patterns of behaviour in the individual, then they are to be integ­
rated into the relationships between experiment and theory which 
are reviewed here. Tests take place as experiments in model cases 
which certainly represent essential conditions but are not identi­
cal with reality. In this respect, the suitability of the person for 
the test must be taken into account as much as the suitability of 
the model cases for simulation. One-sided aspects of certain tests 
must be compensated by a system of tests. Above all, tests have 
certain theoretical prerequisites which are again included into their 
evaluation. Among these are the previous insights into the theory 
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of the personality and the regularities of social behaviour, and 
from these insights the socially relevant patterns of behaviour are 
derived. As with every method, in the case of tests, too, the criti­
cism of methods is essential, if their results and their implementa­
tion are connected with decisions about people.

The social sciences have certain specific aspects with regard to 
the experimental method. Certainly, in philosophical and social 
scientific thinking a decisive role is played today by thought ex­
periments and by the investigation of model cases which enrich 
the exchange of views in the fashioning of social relationships 
through theoretical generalization. In the case of experiments in 
social subfields it is necessary to take into account the phases of 
the preparation of the experiment, that is, the elaboration of the 
question to be examined, and the mental preparation of the expe­
riment by determining the constant and variable factors. More­
over, in the social field two other factors play a role: the complex 
of variable factors and the duration of the experiment. Thus it is 
not possible to keep any amount of parameters constant, since we 
are concerned with human beings, with the expenditure of living 
labour and with personal development. In order to arrive at anal­
yzed essential moments by means of the experiment despite this 
fact, thorough theoretical work is necessary which determines the 
regular relationships between the variable parameters. This again 
has repercussions on the duration of experiments designed to ob­
tain genuine experimental results as a basis for theoretical consid­
erations and for practical changes.

The law of the integration of knowledge and the growing com­
plexity of scientific tasks with a practical relevance expresses the 
interpenetration of sciences in the solution of significant social 
tasks. Thus, there emerges a new connection between disciplinary 
fundamental knowledge and the solution of complex problems. 
The point is to obtain a more rational utilization of energy, to 
open up new sources of energy and effectively utilize traditional 
energy carriers; we are concerned with the utilization and substi­



152 HERBERT HfiRZ

tution of raw materials, as well as with the setting up of rational 
cycles of material; with the fashioning of the environment along 
humane lines; with healthy nutrition; with improving national 
health; and with the development of personality.

Hence, it is necessary to ensure the acquisition of disciplinary 
fundamental knowledge, in order to solve complex problems. The 
point is to acquire complex knowledge, which can be utilized. In 
this context, the disciplines cannot be subdivided into complexes. 
This is shown by experience with complex research institutions 
and with aims of instruction based upon it. There are no opti­
mizers of life processes, but there are indeed biologists, behav­
ioural scientists, geo-scientists, economists and others who deal 
with such problems. The dialectical structure of the materially uni­
fied world demands disciplinary research into the regularities of 
lower and higher-developed forms of motion, of the complexes of 
forms of motion, and into the structure and behaviour of systems. 
Despite the existence of integrative forms of science, there emerge 
complex solutions only through a scientifically justified combina­
tion of partial insights which are elaborated in a disciplinary man­
ner. Physics affects the problem range of energy and of raw mate­
rials. Chemistry has importance for production technologies, but 
also for nutrition, health and fashion. One could establish many 
points of reference. But above all, it is necessary to understand 
man as a social being in his individual manifestation as a unity of 
natural and social, of emotional and rational, of conscious, sub­
conscious and unconscious factors.

There are two contrary tendencies opposed to the main tenden­
cy of this law. They affect not only the necessary development of 
special knowledge, but also the possible degeneration of research 
by collectors of data without any generalization or by speculation 
without an empirical basis. The integration of special knowledge is 
promoted by the solution of complex tasks. Natural, technologi­
cal, cultural and social factors must be understood in their interac­
tion and priorities. Any recognized physical or chemical law has a 
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social importance if it is utilized in the construction of machines 
and so on. The previously relatively isolated laws explored must, 
for this purpose, be viewed in connection with other laws in order 
to produce a new machine, a new medicine, a new household ap­
pliance, and so on. The multivalence of physical and chemical in­
sights is sublated here, so as to incorporate them into certain rela­
tionships of integration which are necessary for man. Thus there 
emerges a socially necessary integration of specialized know edge. 
In this context, the point in question is not only the scientific or­
ganization of collectives to solve significant scientific problems, 
which can be of a disciplinary and of an interdisciplinary nature, 
but we are also concerned with each individual scientist who must 
be prepared for the implications arising from the law about the 
tendencies of the integrative interrelation of specialized knowl­
edge This has importance for education and further education, for 
the continuous specialization of the scientist, for his own attitude 
towards specialization and integration, and for the social evalua­
tion of special insights or of cognitive results due to integration. 
Therefore, already in the education of the specialist, integrative 
tendencies must become visible. The scientist must be fully aware 
of the possible relationships between adjacent sciences, of analo­
gies, of philosophical generalization and so on. Only if he himself 
sees tendencies towards integration, will he be not only ready for, 
but also capable of, performing interdisciplinary work.

The law of the dialectization of sciences as the unity of their 
humanization and mathematical presentation comprises the inter­
relation between two opposite tendencies.16 The mathematical 
presentation of sciences with its tendencies towards axiomatiza- 
tion in the formation of theories, with its application of mathe­
matical models and with the utilization of electronic data proces­
sing is an essential direction in the development of science. This 
mathematical presentation serves to develop technologies. Tech­
nologies are means for the domination of man over his natural, so­
cial and psychical environment and over himself. They are the 
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transformation of insights into regularities of the natural, social 
and consciousness-related processes and into their working me­
chanisms, into rules and methods for the domination of man. By 
means of technologies, man achieves a great gain in liberty. Hence, 
the development of technologies is part of the humanization of 
the sciences. Alternative solutions to scientific and technical ad­
vance limit the creative abilities of man to problems already 
solved, retard the development of science and technology and 
subtract from the revolutionary power of the development of the 
productive forces. The humanization of the sciences manifests 
itself above all in the complexity of tasks which demand interdis­
ciplinary work. With disciplinary insights, by using all mathemat­
ical possibilities, the complexes of man’s needs are to be scien­
tifically penetrated. At the same time, man is opposed to the pre­
sentation of sciences in mathematical terms. Thus, there are re­
servations against the application of data processing in medicine 
because of the fear that the patient is no longer considered as a 
man of flesh and blood. One could also put forth more reserva­
tions against the ‘computerization’ of man. They would be justi­
fied if the permeation of sciences by mathematics were not con­
comitant with the humanization of sciences. Wherever man is left 
out, antihumane behaviour must be combatted. But that criticism 
does not apply to the development of science. Criticism must be 
directed against antihuman social conditions which subordinate 
human interests to the mere craving for profit of governing circles. 
This critique must be directed against the behaviour of those scien­
tists who are not aware of their human responsibility and who act 
against it. Science can orient social action but cannot replace it. In 
order to obtain instructions for action which are justified in scien­
tific terms, it is necessary to exhaust all possibilities of the develop­
ment of science.

Institut fiir Philosophie
Akademie der Wissenschaften der DDR



determinants of science evolution 155

REFERENCES

1 H. Horz, Marxistische Philosophic und Naturwissenschaften, Akademie-Verlag, Beilin

Hta, Der llslekrtsche De.ernMrnu. in Na,ur uni GMafi. Deutscher VerlM 

der Wissenschaften, Berlin 1974 (5. Auflage). „ u r, h
4 H Horz Der dialektische Determinismus in Natur und Gesellscaf , p. ., . >
Werner Heisenberg und die Philosophic, Deutscher Verlag der Wissenschaften, Berlin 

1968 (2 Auflage); H. Horz, Marxistische Philosophic und ”
H Horz Zufall-Eine philosophische Untersuchung, Akademie-Verlag, Berlin 19 . 
“w « Z «*M» MMM. Ah.de„.-ve«,

Berlin 1981, pp. 25—48. 107a
6 K R. Popper, Objektive Erkenntnis, Hoffmann und Coupe am urg • 
ip.Beyond, Erkenntnis fiir^ Frankfu^ Berlin
8 A Arnold Wilhelm Wundt - Sein philosophisches System, Akademie-Verlag, 
1980; H. Horz, Werner Heisenberg und die Philosophic, op. cit.; U^^Hphdosophie 

elner ReMin.
Tcrhnik Deutscher Verlag der Wissenschaften, Berlin 1979, H. Horz and u. kow 

bei (eds) Materialistische Dialektik in der Physikalischen und biologischen Erkenntni ,

Marxistiseh-leninistisehe Erkenntnistheorie,

^rePsychologieundPhilosophie,

^^ge^MM^der^^

Philosophic und Naturwissenschaften, op. eft.; H. Horz and M E. Jano^S y e S ’ 
Experiment. Modell, Theorie, Deutscher Verlag der Wissenschaften, Berhn - 
12 h Horz and K.-F. Wessel, Philosophische Entwicklungstheone. Weltanschauliche 
kennMe^retische und methodologische Probleme der Naturwissenschaften, Deut­

scher Verlag der Wissenschaften, Berlin 1983.
“ T. S.Tui^DfeFi °wissenschaftlicher Revolutionen, Suhrkamp, Frankfurt a.

Main 1973.

“ H.Hdra/Phiiosophie und Mathematik’, Wissenschaftliche Zeitschrift der Hochschule 
fiir Architektur und Bauwesen, Weimar, Heft 3-4 (1982), 231-239.





GUNTHER KR0BER

PRODUCTIVE NEEDS AS DRIVING FORCES 
OF THE DEVELOPMENT OF SCIENCE

At least since the 2nd International Congress on the History o 
Science in London in 1931, the problem of the driving forces of 
the development of science has run like a red thread through dis 
cussions on the theory of science. Yet, the
of this problem is not only a theoretical one. Under the present 
conditions, a theoretical solution of the problem is also 
to offer the possibility of deriving recommendations for science 
policy, for the management, planning and organization of science 
for the effective stimulation of the development of science and 
thus of scientific-technological progress and its direction in o 
channels which will serve social progress and the securing ot t 
future of mankind. ,

I proceed on the assumption that neither the internalist nor the 
externalist conceptions of the development of science have any 
chance at all of being regarded as serious solutions to the proble . 
The internalist approach reduces science to a mere system o 
knowledge, to a summary of scientific statements, theories, hypo­
theses etc. From this point of view, the development of science 
can only be regarded as the dynamics of theories, as an advancing 
intellectual problem-solving process. On the other hand, the exter­
nalist approach is equally inadequate because it presumes the one­
sided direct, and linear dependence of cognitive structures and 
processes as well as of the contents of scientific theories on social 
structures and processes, and on social needs. From this angle the 
development of science has to be viewed as a mere passive result of 
social conditions and developments. Thus the controversy of mte - 
nalism and extemalism is in fact a pseudo-problem. I think this is 
generally accepted today.
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But it also would take us no further if we accepted that internal 
as well as external scientific factors have played a role in the his­
torical development of science and are still playing a role today. 
The mere ‘as well as’ does not offer a constructive solution as long 
as the relation of both groups of factors and their mutual interac­
tion remain unclear. Only when this relation is defined will it be 
worth subjecting the respective solutions to the theoretical and/or 
historical test. For the evolutionistic way of explaining the devel­
opment of science, which is preferred by many proponents of non­
Marxist conceptions from Popper to Toulmin today, this test 
proves that, though the influence of social conditions on the devel­
opment of science cannot be denied, it is more or less a secondary 
factor. The main driving force here is the correlation between the 
variations of scientific ideas and their selective stabilization. In. this 
model, social factors, social conditions and needs play the roleof 
selective factors which appear only when several variations of ideas 
or mature scientific theories are already contained in the pool of 
ideas or theories. It is obvious that this general model of explana­
tion, in whatever forms it might be contained in the works of Pop­
per, Kuhn, Toulmin, the Starnberg group or Feyerabend, cannot 
satisfactorily cover the phenomenon of the development of sci­
ence and in particular, it is not able to explain the historical pro­
cess of the ascending of scientific knowledge to objective truth of 
successively higher order as well as the growing practical efficiency 
of science in the course of its historical development.2

I consider as more promising the attempt to describe science 
from the beginning as a social phenomenon, as a socio-historical 
process, as a specific kind of social activity. This approach allows 
one to determine the social character of science from three differ­
ent aspects, viz. from (1) the social preconditions of science, (2) 
the social character of the process itself, and (3) the social results 
of scientific work. If we examine these three aspects, it is possible, 
in my opinion, to draw up a complex theory of the development 
of science with special regard to the relation between science and 
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society. In the following, I shall, however, present only a few con­
siderations in connection with the first aspect.

The interpretation of science as a specific kind of social activity 
prevents the understanding of science as a mere intellectual matter 
which is not bound to any material and social preconditions. The 
idea that knowledge creates knowledge just as money creates inter­
est, or that science reproduces like people (with regard to the 
‘sum’ of knowledge taken over from the previous generations) was 
a dominating theory from the 19th century through the first half 
of the 20th century; even Friedrich Engels held that view in the 
forties of the past century.3 The fact that knowledge is growing 
exponentially seemed to confirm this idea. But it does not take in­
to consideration that new knowledge does not merely develop out 
of the- knowledge which is already ‘there’, but that it is born in the 
course of scientific work — a kind of work which requires quali­
fied scientists as well as appropriate material and technological 
conditions, financing, etc. This seems trivial and it certainly is. As 
long as scientific work requires no more than the means to secure 
the social welfare of a relatively small number of scientists, and re­
latively simple material and technological means (e.g. to make sci­
entific experiments), scientific work is in tact almost independent 
of external conditions. Under such conditions science seems to 

.develop merely according to its internal logic; the individual curi­
osity of the scientist seems to be the decisive driving force of the 
development of science. This impression was finally destroyed 
around the middle of the present century, when the number of 
persons working in science and the amount of financial and other 
expenditure for the running of science in some of the developed 
countries assumed proportions which, when extrapolated into the 
future, meant that problems of an unprecedented nature and level 
would be encountered in the coming decades. One of the tasks of 
science is to help solve the problem of the resources of society, 
but today’s science is more and more facing the problem of its 
own limited resources. But the amount of resources that a society 
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can use for the maintenance and development of its scientific and 
technological potential depends decisively on the level of produc­
tivity of that society.

Thus we can set up the following thesis: The productivity level 
of a society, particularly the level of the development of its mate­
rial productive forces, determines the possibility of the develop­
ment of science. This thesis is valid for the present situation as 
well as for the historical development of science. Science has his­
torically developed in the process of the division of labour as a 
specific social activity, as a specialized social working process, to 
the extent that the level of the development of the social produc­
tive forces allowed a labour productivity which was high enough 
to produce more than was required for the maintenance of work 
itself. The higher the level of the productive forces, the better the 
material preconditions and the more favourable the social condi­
tions for the running and the development of science.

The dependence of science on the level of development of so­
ciety has yet another aspect. The level of the social productive 
forces determines not only the possibility, but also the necessity 
of science. Provided that there is a certain scientific-technological 
level of production, it will always bear in itself the need for new 
scientific-technological solutions and their technological applica­
tion. The higher the scientific-technological level of production 
becomes, the more distinctly this need shows itself. The dialectic 
of this relation is expressed in the fact that the scientific-techno­
logical level of production, which itself is a result of scientific-tech­
nological progress, becomes the precondition for the further pro­
gress of science and technology in that it offers the possibility of 
really utilizing the new results of scientific-technological research 
in production. The higher the scientific-technological level of pro­
duction already is, the sooner production will be in a position to 
absorb new scientific-technological achievements and put them 
into practice. The need of production for new scientific-techno­
logical solutions and the ability to really absorb and utilize them 
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belongs to the most effective stimuli of scientific and technologi­
cal research.

However at this point we should avoid a misunderstanding. 
Though the possibility and the necessity of science are determined 
by the productivity level of society, this does not mean that the 
contents of concrete scientific discoveries or of new scientific the­
ories or ideas can be derived from the level and need of the devel­
opment of the respective production. This would be to approach 
the complex process of the development of science, which is com­
pletely characterized by non-linearities, from a vulgarizing point 
of view and explain it as a process of linear causality. Of course, 
this approach cannot be taken seriously. The importance of point­
ing out the dependence of scientific progress on the level and the 
needs of social production lies in the fact that this level and these 
needs determine the main orientations of research and thus the 
main directions of scientific-technological progress. What kind of 
individual solution, what kind of discovery, what kind of new sci­
entific ideas and theories will or might be the result of this orient­
ed research is mainly determined by the respective levels of devel­
opment of science and technology.

Hence, there are two main determinants which are essential for 
the process of the development of science: (1) the level of devel­
opment of the social productive forces and the needs of society 
for production and extended reproduction of its living and devel­
oping conditions, and (2) the level of development of science itself 
and the immanent needs of its further development. These deter­
minants are not independent of each other. Therefore the actual 
problem is to find out their relationship, that is, the nature of the 
mutual correlation. In my paper at the Bucharest Congress in 1981, 
I made a suggestion on this problem using the term ‘productive 
need’.*

This term is based on the assumption that a need of a society, 
be it an economic, technological, social or cultural one, is not nec­
essarily a real driving force of the development of science. A need 
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alone does not move anything, not even in science. If it is to cause 
research activities on a larger scale, a need has to be so intense 
that it either occurs as the need of the whole society, or that it is 
at least borne by the interests of those who own the means of pro­
duction and thus dispose of the means of research. In order to be­
come a real driving force of the development of science, the need 
has to be socially or at least economically significant. It will be­
come productive for the advance of science only when its satisfac­
tion corresponds with the basic interests of those social forces who 
are prepared and are in a position to promote and initiate the nec­
essary research activities. The intensity of these interests influ­
ences the search for possibilities to satisfy them. This search is 
based on scientific research.

In this context I speak about productive needs as the real driv­
ing forces of the development of science. Not any social need 
proves to be productive in this sense. In order to become produc­
tive as a real driving force of scientific-technological progress, a 
social need has to fulfill the following conditions:
(1) It has to develop with certain preconditions: within the frame­
work of the given level of production, and with reference to the 
given standard of science and technology.
(2) It has to be able to effectively regulate the conditions of scien­
tific work; that is, it has to be so intense as to cause the improve­
ment of those scientific subjects and fields which are essential for 
its satisfaction.
(3) A social need usually exists in a common form, as the need for 
food, housing, clothing, communication, security, etc. But in or­
der to become productive for scientific-technological progress, it 
has to be concrete. It must be the case that (a) it can be formu­
lated as a concrete technological or scientific problem; (b) the pre­
vailing standard of science allows work on it; (c) the prevailing sci­
entific-technological standard of production permits practical use 
of the new achievements in production.
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Finally, I would like to make three remarks on the above-men­
tioned characteristics of productive needs.

First, the term ‘productive need’ comprises a whole complex ot 
correlations between social and internal scientific factors and sit­
uations which might change in the process Therefore, it goes 
without saying that, depending on the prevailing historical situa­
tion the level of social development, the level of cognition in the 
respective scientific branch, the cognitive interests and the per­
sonality structure of the scientist, etc., the real correlation of these 
conditions may take on quite a different shape. The theoretical 
consequence following from this is that in the history of science 
the driving forces and criteria for the development of science are 
not fixed, but they are constantly changing, undergoing develop­
ment and that this evolution of the criteria and driving forces ot 
evolution depends on the level of development of science and so­

ciety. . . _ ,
Secondly, it is not significant for the productivity of a need 

whether this need is an individual one, a need of a group of people 
or of an entire society, a theoretical or a practical need, etc. Even 
the individual need of a scientist to go more deeply into the re­
search of a certain theory, to explore new horizons of cognition, 
which is not dictated by any practical or production interest, may 
be a productive need. In this case, the precondition that the need 
be determined by the given level of development of science and 
be formulated and explored as a concrete scientific problem can 
be taken for granted, whereas it is not guaranteed that society at­
taches enough importance to it and grants social support for the 
respective research activities. The difficulty of identifying the the­
oretical needs of science as productive social needs is the basic rea­
son for the legitimation pressure exerted on planned large-scale 
research activities in all existing societies today. In the basic re­
search which belongs to the vanguard of scientific research today 
and aims at finding new scientific solutions in advance in order to 
be prepared to meet the future needs of social development, this 
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legitimation pressure must not be too strong. Otherwise it will pre­
vent research activities for the simple reason that there is no im­
mediate social need on which that research is based. Therefore, it 
is generally recommended that science policy treat the needs and 
problems of basic research as productive social needs.

Thirdly, from the above we can draw the general conclusion for 
science policy that, under present-day conditions, priorities in sci­
entific research should be established, with due consideration for 
the following three points: the basic needs of social development 
as far as they can be formulated as concrete scientific problems, 
and as the given level of development of science allows work on 
them; the conditions for the reproduction of the national econ­
omy and thus the amount of social resources available for the de­
velopment of science and technology; and the given standard of 
the development of science itself, including the needs and prob­
lems of basic research.

Institut fiir Theorie, Geschichte und. Organisation der Wissenschaft 
Akademie der Wissenschaften der DDR
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WOLFGANG KROHN

SOCIAL CHANGE AND EPISTEMIC THOUGHT 

(Reflections on the origins of the experimental method)

I have chosen two quotes to head this lecture, representing the 
poles between which my interpretation is situated: one is from 
Engels, the other from Kant:
Both science and philosophy have completely neglected the influence of 
upon his thinking - they recognize only nature on the one side, and thought on the 
other But it’s precisely the transformation of nature by man, not nature alone which is 
the most essential and immediate foundation for human thought. To the degree to which 
man learned to transform nature, man’s intelligence has grown.
Therefore, objective validity and necessary, general validity (for everyone) are com­

plementary concepts.2

My intention is to do justice to both these quotes, to the pragmat- 
icism of Engels as well as to Kant’s emphasis on the general validi­
ty of knowledge. My historical point of reference will be an inter­
pretation of the famous dictum of Francis Bacon: “Knowledge is

3power. , ,. .. .
With regard to science I take the dictum to have two distinct 

meanings: a political one, which concerns the effects of knowl­
edge, and an epistemological one, which concerns the generation 
of knowledge. I will be interested mainly in the epistemological 
meaning, which relates to a particular claim: that a ‘violent’ deal­
ing with nature generates knowledge about nature. In other words: 
the sentence is intended as a justification of the experimenta 
method. In this it is opposed to medieval natural philosophy, 
which - basing itself on Aristotle - would have denied the rele­
vance of such a procedure for the acquisition of knowledge about 
nature My goal will be to explain how it became possible that 
experience which is gained as a result of (experimental) activities is
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accepted as knowledge about nature — accepted both in the cogni­
tive and the evaluative sense.

To answer this question it does not suffice to determine a shift 
in the convictions of Bacon’s contemporaries, or forerunners, as 
important as they might be. It is also not enough to uncover the 
social causes of such changes of conviction, although these are also 
important. One can avoid the genetic fallacy which sociological 
analysis has often been criticized for only if one is willing to take 
the social emergence of new epistemological claims of truth seri­
ously.

Admittedly, such claims create a significant problem for a so­
ciological explanation of the development of science. On the one 
hand they can no longer be held to be ‘a priori’ in a Kantian sense; 
on the other hand they cannot be classed together with other cul­
tural convictions, the meaning and obligatory force of which can 
only be understood relative to the symbolic world of a given so­
ciety.

In the philosophical section of this paper I will try to outline a 
conceptual model for the social emergence of these claims, located 
somewhere between their sociologized trivialization4 and their 
aprioristic treatment. The central idea of such a conceptual model 
was anticipated in Hegel’s dialectic. As a principle for the structur­
ing of knowledge, the dialectic is based upon the ability of the in­
tellect to make one’s own actions the object of reflection. This re­
flection is the origin of epistemic claims.5

REFLECTION AND EPISTEMIC CLAIMS

In analyzing this dialectical process I will draw upon ideas from 
the genetic epistemology of Jean Piaget.6

A somewhat simplified definition of the reflective process in 
terms of Piaget’s theory would be: Reflection is an intellectual 
activity the object of which is not nature but human actions. Re­
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flection is therefore a process that depends upon experience, but 
the experience is not of objects but of our dealing with objects. 
Accordingly, the knowledge achieved by reflection is not objective 
knowledge, but subjective knowledge. ‘Subjective knowledge 
means, basically, that we come to know the intellectual structures 
that we implicitly employ when we interact with nature. This ex­
perience has an important consequence: it does not only make 
these intellectual structures transparent, but - by the same to­
ken — enlarges them. Expressed in Kantian terms one could say: 
reflection is analytic because it clarifies operations that we already 
use; and it is synthetic because precisely through this analysis it 
extends our intellectual operative space.7

The next step in which I follow Piaget is in what he has termed 
the ‘decentering’ process. It means the better understanding of 
how our knowledge in some area is a construct of our intellectual 
faculties. The decentering process is at once an increase in the 'rel­
ativism’ and a ‘justification’ of knowledge: relativism — because 
the alleged objectivity appears to depend on subjective construc­
tion; justification — because the operations leading to experience 
can be explained.

The third and last step leads us back to the problem of epistem­
ic claims: Epistemic claims proceed from our ability to make the 
operative connections between the knowing subject and the 
known object, the object of thought. The more explicity these 
connections are reflected upon, the better such claims are re­
deemed. Scientific claims are neither a particular form of social 
prejudice, nor are they a priori elements of a universal epistemo­
logical structure. .

It is clear that this model for understanding epistemic claims 
needs not only detailed elaboration but is also lacking in impor­
tant aspects. But as I cannot convey here more than a rough idea, 
I will turn to the historical part of my presentation. Seen as a so­
cial and historical process, the transition from action to reflection 
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is not restricted to individuals but can occur over different periods 
of time.

The historical development I am going to describe now follows 
a simple scheme.
(a) I will first briefly describe the increase in the number of crafts 
in the late Middle Ages. These crafts represent the new activities 
which were basic for the emergence of new epistemological ideas, 
(b) Then I will look at the technical literature of that time and of 
the Renaissance period. I will give a few examples of early reflec­
tion on the new body of knowledge.
(c)Then I will point to the new type of technology-oriented in­
novative literature in which the methods used to obtain new 
knowledge are already used deliberately and the idea of research 
has already begun to play a role. I will refer to different kinds of 
justification of knowledge and research, depending on the social 
environment of the author.
(d) Finally I will come to Bacon whom I consider to be the first 
to attempt to give the new epistemic claims of modern science full 
expression.
(a) The only detail I want to mention concerning the first point is 
the strong increase in new ways of dealing with nature, which can 
be observed in the increase of crafts and guilds in the late Middle 
Ages. In the 12th century there were approximately 12 guilds and 
crafts to be found in the towns. Over the next 150 years this in­
creased, for example, to about 150 in Venice, 75 in Florence, and 
over 50 in Nuremberg.
(b) I will also be brief with the analysis of the technically oriented 
literature of the time. Early medieval texts were written already in 
the 9th century. A continuous growth began somewhere between 
1250 and 1350.8

The texts document a rapid development and dissemination of 
new techniques and technologies, but they contain no evidence 
that this knowledge or its generation resulted in any way in social 
or intellectual problems. The knowledge gained was seen as be­
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longing to the lower mechanical arts which were held to have no 
philosophical value. It was presented in a pragmatic style (‘ If you 
want to make..., then take...”) with frequent use of the vocative 
(“Oh brother, do this and that...”). Rare exceptions do show, 
however, that reflection on this kind of knowledge had already 
begun: In the prooemium of the Heraclius ms. the author states, 
“for you ... brother ... I have written down this ... if you follow it, 
utendo vera probabis (you will find it true in your practice) .
(c) A striking change can be seen as the authors of such treatises 
came into contact with humanism. The close association between 
art and humanism in the 15th century (which is represented by 
such names as Filippo Brunelleschi, Mariano Taccola, Leone Batista 
Alberti, Leonardo da Vinci, and Albrecht Durer) induced several 
authors to reflect on the newness and the importance of their 
knowledge.

Depending on the social background of the author one finds 
two strategies of justification: If he was a craftsman or superior 
artisan he had to grapple with the guilds, which were opposed to 
new knowledge. If the author was a scholar or a humanist with a 
university education, he had to deal with the representatives of 
traditional learning and with the widespread contempt for the 
crafts. Common to both strategies is the playing down of the new­
ness of this new knowledge. The craftsmen often emphasized that 
the innovations, despite their newness, would be useful, the aca­
demics pointed out that the knowledge embodied in the handi­
crafts could be taken up into the scholarly canon despite its ori­
gins. The most widespread argument was: this knowledge only 
seems new, but it was well known to antiquity. Only rarely did 
these reflections lead to theoretical considerations.

A few examples illustrate the different strategies of this period. 
Albrecht Durer’s book Treatise on Human Proportions (1528) is a 
handbook intended to provide the artist with natural standards of 
beauty. In the dedication of the book we read: “1 don’t doubt 
that many will attempt to criticize me for my endeavor to write 
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and teach despite my being uneducated, of little understanding 
and not gifted with much skill...”10 His book should enable artists 
“to work with that art, in which there is truth”.11 Truth, he ex­
plains, is “founded in and demonstrated by geometry”.12

Much earlier Leone Batista Alberti wrote his famous book on 
architecture De re aedificatoria (1485). It was the most important 
work on architecture after Vitruv. Alberti followed the opposite 
strategy to that of Durer and raised the architect to the level of a 
well-educated scholar. “He should behave as someone who is oc­
cupied with the study of the sciences (in studiis litterarum). ... He 
should equip himself with the knowledge and practice of the best 
of all the arts, and become an independent expert.”13 Most im­
portant among the various disciplines are mathematics and paint­
ing.

Georg Agricola, in his De re metallica (1556) still argued in a 
similar way: “Everybody has the opinion, mining is a contingent 
and dirty job and, in general, a business that does not demand art 
and science but manual labor. But when my mind wanders through 
its parts it appears to me to be of quite a different nature. The 
miner needs to possess not only a great deal of experience but 
furthermore he has to have knowledge of many arts and sciences 
— first of all philosophy, for an understanding of the origins, 
causes and qualities of the objects beneath the earth’s surface then 
medicine, astronomy, arithmetic, geometry and law.”14

The last quotation is from Vannoccio Biringuccio’s Pirotechnica 
(1540). Here the relationship between new knowledge, new meth­
ods and new goals is expressed with a high degree of self-confi­
dence. The quote is not from a prominent place of the work, but 
from the preface of the 5th book: “As you have seen, I have 
hitherto demonstrated to you the methods for bringing to their 
proper and pure bodies all metals of any kind of ore that you have 
found and mined. If these did not now serve human needs all these 
operations with so much expense and labour would have been 
profitless and in vain. Therefore I recognize that it is necessary in 
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speaking to touch upon their operations and to teach you to make 
use of the metals according to the works needed.”13

Most of these attempts to justify new knowledge and research 
are eclectic: they make use of humanist arguments together with 
scholastic-Christian and utilitarian arguments. It is only at the sec­
ond half of the 16th and the beginning of the 17th centuries that 
one finds a conceptually thought-out argument depicting the fun­
damental differences between the old and the new knowledge, de­
scribing the contrast in interests and values that lie behind them 
and the basic methodological distinction between them.

The three most important authors to oppose the Aristotelian- 
scholastic type of knowledge as well as the revival of Platonism 
were Galileo, Descartes and Bacon. Despite significant differences 
in other respects they shared the awareness that the new integra­
tion of practice and knowledge could not be reconciled with tradi­
tional conceptions of the sciences. They realized that the success 
of the new sciences depended not only on the acquisition of new 
empirical knowledge, but on the creation of a new concept of 
knowledge and nature. Since it was Bacon who gave more precise 
and consistent formulations in this conflict than the other authors 
I will focus on him and analyze his conception of knowledge and 
truth.
(d) Bacon’s expression for power is 'potential in the sense of ‘abil­
ity’ or ‘capacity’. Conceptually he goes back to the Aristotelian 
concept of ‘dinamis’, which was not, for Aristotle, an active princi­
ple, and which bore no relation to power. The reworking of ‘po- 
tentia’ by Bacon into an active principle is connected with human 
action: the goal of the new science is a knowledge by which one 
“will be capable of all manner of works” (omnis opera potentia) in 
contrast with the “felicitous contemplation” (felicitas contempla- 
tiva) of classical philosophy.16 For Bacon causes are related to 
knowledge just as rules are to action. The equivalence between the 
knowledge of causes and the ability to produce something can be 
understood in both directions: Not only are our actions more 
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manageable as a result of our knowledge of the laws ot nature, but 
the laws of nature can be understood better when our point of de­
parture is not the observation of nature, but the vexationes artis, 
“nature under constraint and vexed”,17 the changes produced in 
nature by application of the rules employed in the crafts. The use 
of the word ‘vexatio’ (abuse) is interesting here, since Bacon’s de­
signation of craft operations as an abuse of nature reveals that his 
language is still thoroughly Aristotelian. This makes his turning 
from Aristotle that much more noticeable, as his claim that a con­
dition for the understanding of nature is our interfering with it is 
irreconcilable with the Aristotelian concept of knowledge. An im­
portant pattern of the new epistemic claim is now established: If 
the goal of science is to attain knowledge for mastery over things, 
the means is to experiment. A similar conflict between Aristoteli­
an language and anti-Aristotelian thought can be found in Bacon s 
idea of natural law. He is among the first authors in early modern 
times to use this term. But he relates it to the traditional ‘form’. 
Form, however, he defines contrary to Aristotle: “From the dis­
covery of forms therefore results truth in speculation and freedom 
in operation” (contemplatio vera et operatio libera).18 In his ex­
planation of the concept of law Bacon departs completely from 
the Aristotelian tradition. According to Bacon, laws have to be in­
vestigated with a view to the type of praeceptum (doctrine), direc- 
tio (direction), deductio (guidance) one needs to produce some­
thing.19 Such laws, Bacon continues, must be reliable, free (or 
general) and employable, by which Bacon rejects the means tradi­
tional natural philosophy suggested for obtaining empirical knowl­
edge. Statements which contain the words ‘more’ or Tess’, or 
‘usually’ violate the principle of reliability; the requirement of gen­
erality is violated by the usually arbitrary experimental conditions 
in alchemy; and the requirement of employ ability is transgressed 
against by those laws in which the scholastic faculties are named as 
causes. The new concept of knowledge Bacon developed comprises 
three aspects:
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- The goal of understanding is the knowledge of causes which 
serve as rules for the production of something.

- This goal of understanding has a consequence that knowledge 
can not be obtained by observation alone but, in particular, by 
dealing practically with the external world.

- Progress in knowledge is progress in the freedom of operative 
activity. r n
All these ideas were explicitly obtained by Bacon from reflec­

tion upon craft activities and by abstracting from them those ele­
ments that lead to knowledge. Aristotle and the scholastic tradi­
tion are of the contrary opinion on all three points.

Bacon’s new epistemology is supplemented by his cognitive 
theory or, better, by his criticism of the tools of cognition. Bacon 
is aware of the fact that the new goals and means oi knowledge 
call for a new theory of cognition. Here again he is in direct op­
position to Aristotelian phenomenalism and descriptiomsm. 
central importance for Bacon is that an unaided understanding Oi 
nature is impossible. According to him, man, as a biological, social 
and individual being, is poorly suited to perceive the facts of na­
ture. This being the case the new science presupposes our bringing 
to light the peculiar functioning of human reason and man’s senses 
and his socially-induced distortions and individual fallacies and it 
is to compensate for them both in terms of method and by the use 
of instruments. This criticism of our cognitive tools is for Bacon a 
precondition for overcoming the scientifically fruitless dichotomy 
between empiricism and rationalism, and of arriving at a reia e 
combination of an understanding of and operation with nature. 
Mankind had devoted insufficient attention to the control and im­
provement of its tools of cognition and had therefore developed 
either - trusting these tools - empiristic dogmas or - distrusting 
them - rationalistic ones. Bacon suggests regarding our cognitive 
capacities as tools and instruments requiring maintenance, super­
vision and correction. For Bacon the intellects humanus is a 
“false mirror, which, receiving rays irregularly, distorts and discol­
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ours the nature of things by mingling its own nature with it”.20 
This criticism is not only directed against Aristotelianism, but also 
against the Renaissance philosophers, who claimed that there was 
a correspondence between the microcosm and the macrocosm, be­
tween human and cosmic proportions. Bacon cuts the ground 
away from under such arguments: he suspects that between the 
reason underlying the world, and that from which man derives his 
standards for the world there is a basic disharmony. Bacon under­
mined the analogia entis, the assumed continuity of all levels of 
existence and knowledge, which was central to the world views of 
the ancient world, the Middle Ages and the Renaissance. What idea 
or concept of nature was he prepared to substitute?

As is well known, Bacon loved to emphasize the close relation­
ship between his idea of nature and the practice of craftsmen and 
merchants. More than that, I want to show that in a fairly strict 
sense he modelled his concept of nature after this practice. I will 
consider two points: first, the reduction of nature to materials to 
be used; secondly, the enlargement of nature from the given world 
to the technologically possible world. With regard to the ends of 
the craftsman and merchant nature consists, in the final analysis, 
of materials, which are not to be ordered according to the catego­
ries of beauty or of correspondence, but according to ‘storage’ 
principles. Similarly for the theoretician, “the empirical investiga­
tion of nature should conceive nature as something resembling a 
storeroom or a warehouse, which is not intended to please one or 
as a place for one to stay or to live in, but as a place that one en­
ters only occasionally when one needs something for the theoret­
ician’s work”.21 It is clear that Bacon’s ideology critique didn’t 
protect him from establishing a new ideology. But it is just as clear 
that in Bacon the transformation of the operative patterns of the 
craftsmen and the merchants into an epistemological postulate had 
reached a tangible result.

There is a second and even more important aspect of this new 
concept of nature. It resembles more the practice of the engineer 
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than that of the craftsman: nature does not only include what is 
present to the senses or what reason derives but also that which 
can be produced by employing our knowledge of the laws of na­
ture - that is, technology. He defines as the goal of knowledge the 
discovery of “what nature does, or can be brought to do”. Al­
though Bacon maintains the distinction between artificial and na­
tural movement (or between nature in itself and nature under con­
straint), he also maintains that in research distinctions of this kind 
are questions of practicability and purpose, not of principle 
This concept of possible nature connects the operative with the 
conceptual observation of nature, going beyond the phenomenal 
limitation of the classical concept of nature. Nature is no longer 
defined as the ‘given’ or the ‘immediate’; it is much more the do­
main of the attainable - the laws of nature are the rules of pro­
duction. Bacon’s ‘facts of nature’ are always facts in the original 
Latin sense of the word - facere, to make - things that can be 
brought about by acting, not sense impressions. Bringing into be­
ing something that may not yet exist but is possible is included in 
the concept of nature. Nature is not the objectively given but the 
objectively possible. The goal of our understanding of nature is no 
longer the discovery and ordering of facts (this is only a means to 
an end) but the construction of facts according to laws that stake 
out the domain of the possible.

With this conception of the scientific knowledge of nature 
Bacon transformed the new forms of interaction with nature that 
had arisen in the Middle Ages into conscious abstract structures. 
In closing it must be mentioned that Bacon did not stand alone 
with this concept of nature: a gradual weakening of the Aristotel­
ian conception had already begun with the artist-engineers of the 
first half of the 15th century. Leonardo da Vinci had postulated 
that the investigator into the nature of things (specolatore della 
cose) has to investigate the domain between the impossible and 
the possible.24 And in the title of his work The New Science, Ni­
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cola Tartaglia sought the attention of the speculative-mathematical 
artillerist.25 Among Bacon’s first followers was Descartes. In his 
Discourses there is a definition of natural science which, despite 
their contrast in other respects, is almost identical with a formula­
tion of Bacon’s: nature, Descartes writes, “is the discovery of 
everything in the world that is or can be”.26

SUMMARY

We began here with the contention that in a sociological analysis 
of the development of science one had to depict not only the ori­
gin and function of empirical knowledge, but also the epistemic 
claims and criteria of validity on the basis of which this knowledge 
is founded and claimed as ‘true’. A sociological analysis which neg­
lects this is either functionalistic or relativistic. In a functionalist 
account validity claims are reduced to a psychic accompaniment 
of social development, in a relativistic account they become ideo­
logical cultural expressions. In both cases science as a particular 
human activity is lost sight of.

I have attempted to show, however, that epistemic claims are 
social facts sui generis. They emerge when certain types of social 
activity are made the object of intellectual reflection.

I went on to show that the philosophy of Bacon can be under­
stood in connection with the social origin of validity claims which 
are fundamental for modem science. The type of social activity 
that led to these claims came about through the emergence of a 
large number of new craft and commercial occupations that began 
to be superimposed upon the feudal-agrarian way of life of the 
Middle Ages. These occupations required a new way of dealing 
with nature and provided therefore a new foundation for human 
thought - in the sense in which Engels speaks of this in the quote 
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I have chosen to head this essay. But it is only in the philosophy 
of Bacon that this thought found expression as the new operatio 

al form of science.
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THE ‘UNIVERSAL THINKING MACHINE’, 
OR ON THE GENESIS OF SCHEMATIZED REASONING 

IN THE 17TH CENTURY

INTRODUCTION

The aim of this paper is to establish the thesis that the 17th-cen­
tury paradigm of technical action gains meaning not only in the 
case of the so-called factual truths (Tatsachenwahrheiten) of the 
natural sciences, but also in the case of the truths of reason (Ver- 
nunftwahrheiten) for mathematics and logic and for the rational­
istic concept of reason in general. In support of this statement, I 
will consider the genesis of a regulative idea: the regulative idea 
that reasoning can in principle be mechanized. This idea can be ex­
pressed in the metaphor of the ‘universal thinking machine’.

I would like to identify the way this idea arose through a sys­
tematic reconstruction of four distinct but partly overlapping 
stages in the historical development of the scientific and philo­
sophical discussion of the 17th century. These stages are as fol­
lows:
(1) the assumption of representative symbolism;
(2) the possibility of working out calculi for mathematical and 
logical operations;
(3) the assumption of a 'mathesis universalis’;
(4) the assumption of a ‘scientia generalis’ and an 'ars character- 
istica
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1. THE ASSUMPTION OF REPRESENTATIVE SYMBOLISM 
OR LANGUAGE AS A CODE

1.1. The transition from the 16th to the 17th century was marked 
by a radical shift in the semantic pattern, that is, in the manner in 
which signs were conceived to have meaning. Signs were no longer 
taken to designate their designata by virtue of being similar to 
them, but rather by virtue of pure conventional correspondence. 
This transition from symbolism based on similarity to symbolism 
based on representation was part of a comprehensive change in the 
form of thought orienting Western culture.1 In the 15th and 16th 
centuries, the idea of similarity had a universal function. It was as­
sumed to be an overall model of the connection between objects: 
what is similar to something is connected to it.2 It was a semantic 
pattern: the meaning of a sign was based on the similarity between 
the sign and its designatum.3 It was also a form of knowledge: 
knowledge as the interpretation of signs.4 And, finally, it was a 
form of magical praxis: objects may be affected through the ma­
nipulation of their signs.5 These various manifestations of the gen­
eral function of similarity can only be mentioned here and not 
proved. What is essential for us now is that the universal idea of 
similarity became overshadowed by the idea of representation. 
This is especially true in the case of the semantic pattern. I will 
now try to explain the transition to the understanding of signs as 
being only representative, as, for instance, in Leibniz’s concept of 
representation, a view already anticipated by the conventionalistic 
semantics of John Locke and Thomas Hobbes.6
1.2. For Leibniz, the term ‘representation’7 originally had the 
meaning of a one-to-one correspondence between the elements of 
two sets.8 Although there is no figurative similarity between the 
circle and the hyperbola - this is an example Leibniz used — on 
the basis of a constant law of correlation, it is possible to represent 
a point on the circle by a point on the hyperbola.9 The essential 
step Leibniz made was to transfer the notion of representation as 
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2. THE POSSIBILITY OF WORKING OUT CALCULI FOR MATHEMATICAL 
AND LOGICAL OPERATIONS OR THE POSSIBILITY

OF MECHANIZING SYMBOL OPERATIONS

2.1. What distinguishes 17th-century European development in 
mathematics and logic is that at that time it became possible to 
work out calculi for the operations of mathematics and logic 
themselves.15 This development was prepared for by a change in 
the everyday practice of reckoning in 14th- and 15th-century 
Europe.16 The Roman system of ciphers, which required the use 
of stones placed on a counting-board, was supplanted by the dec­
imal system. This system allows a purely symbolic calculation 
using number signs written on paper. This arithmetic calculus, 
which employs the Hindu-Arabic system of ciphers with their 
algorithmic calculations, came to be seen as the ideal realization of 
a calculus and provided the model for all attempts to calculate in 
higher mathematics during the 17th century.
2.2. The renewal of algebraic notation by the French mathemati­
cian Francois Viete is the first stage on the way towards working 
out a calculus for higher mathematics. Viete introduces letters not 
only for the unknown, but also for the known numerical coeffi­
cients.17 Thus it becomes possible to formulate rules of algebra 
with universal validity. Unlike the ciphers, the letters are no longer 
signs for single numbers, but rather signs for the whole class of 
numbers satisfying a given equation by substitution.18 The rules 
which refer to the transformation of equations can in this way be 
written down in a formal language. This means that their validity 
is independent of the numerical values entering into the calcula­
tion. Algebra becomes the transformation of series of signs accord­
ing to rules which have no relation to the meaning of the signs.
2.3. Viete interprets the algebraic symbols as restricted to arith­
metical quantities. In Descartes’ analytic geometry,19 however, the 
interpretation of the algebraic symbols is extended to geometrical 
quantities. Descartes’ fundamental thought consists in representing 
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geometrical relations by algebraic relations.20 Renouncing the an­
cient principle of homogeneity, the fundamental operations of 
arithmetic can be interpreted as operations with lines, and equa­
tions of whatever degree can be interpreted as geometrical figures, 
so that the properties of geometric structures can be derived from 
the properties of algebraic equations. The algebraic calculus be­
comes a tool for solving geometrical problems.
2.4. The calculus of geometrical operation which is analogous o 
arithmetic is applied by Newton and Leibniz to the analysis of t ie 
infinitesimal.21 The infinitesimal calculus in the form of the Leib- 
nizian differential and integral calculation22 proceeds from two 
fundamental thoughts. The first thought, related to differential 
calculation, consists in representing the function of a curve at any 
particular point by the function of the tangent belonging to it. 
Thus one can construct the properties of the function of the curve 
at any particular point from the properties of the corresponding 
tangents. The second thought consists in specifying, on the basis 
of a suitable system of sign rules for calculating the function o 
the tangent (the differential quotient), what the formal analogues 
are of the rules for the basic kinds of calculation. This system ot 
rules forms the real ‘calculus’.
2.5. It will only be mentioned in passing that Leibniz, referring o 
a calculus for concepts worked out by the German philosopher 
and logician Joachim Jungius,23 made several attempts to develop 
a logical calculus.24 This, however, cannot be dealt with here.
2.6. Instead, attention may be directed to one implication of con­
structing calculi. It consists in being able, in principle, to mechan­
ize the operations in the calculi. This becomes clear from the fol­
lowing considerations: (a) There is a one-to-one correspondence 
between a sphere of objects and a symbolic alphabet. This corre­
spondence makes it possible to interpret the results of the opera­
tions with the symbolic alphabet as statements about the sphere of 
objects, (b) In order to carry out symbolic operations, rules which 
bear no relation to the meaning of the symbols are stated. Thus 
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the formation and transformation of the series of symbols be­
comes a schematized operation, (c) Because of the one-to-one 
correspondence, it is possible to solve problems in the sphere of 
objects by schematic operations in the symbolic sphere. Conse­
quently, the rules of the calculus become algorithms. An algorithm 
here is a prescription for the way given input data are to be trans­
formed into desired output data in a finite and unequivocally 
determined number of steps, (d) A schematic operation using 
symbols according to rules which have no relation to the interpre­
tation of the symbols and which have the function of an algorithm 
can, in principle, be organized as a mechanical procedure, that is, 
such an operation can be simulated by a machine.

3. THE ASSUMPTION OF THE 'MATHESIS UNIVERSALIS’ OR 
ALGEBRA AS A CALCULUS OF QUANTITY

3.1. In the context sketched here a calculus becomes a mechanical 
procedure which allows the mechanical solution of a certain class 
of mathematical problems. The next step consists in universalizing 
the calculus in order to establish the truth value of scientific state­
ments. That is, it is to be developed into a universal procedure of 
acquiring quantifiable knowledge. This intention may be illus­
trated by the Cartesian project of the 'mathesis universalis’.2*
3.2. Descartes’ 'mathesis universalis’ rests on two epistemological 
assumptions, (a) Knowledge attains certitude by proceeding in 
steps ordered according to a method which follows from the pre­
scriptions of a unified and universal system of rules.2* (b) This 
unified and universal method determines what can become an ob­
ject of knowledge at all.27 Only that which can be derived from 
self-evident statements by the application of the method can be 
known.28 In Descartes’ conception, the requirement of using rea­
son methodically is ideally met by mathematics29 - a mathemat­
ics, however, as it is to be found in symbolic algebra and in ana­
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lytic geometry, where algebraic operations can be interpreted both 
arithmetically and geometrically.30 Thus algebra becomes a lan­
guage in which proportions — relations of quantities — may be ex­
pressed independently of their being realized either numerically or 
figuratively. The rules of algebra become universal procedures hav­
ing validity for arithmetic and geometry. In contrast to arithmetic 
and geometry, algebra becomes a higher-order discipline to which 
other disciplines of mathematics are subordinated.31 Descartes 
calls this discipline ‘mathesis universalis’.32 It was claimed to be a 
universal science of proportions which provides procedures valid 
for all spheres of objects having to do with quantity, be it in the 
form of ‘multitudo’ or ‘magnitude’.33

4. THE ASSUMPTION OF THE ‘SCIENTIA GENERALIS’ AND 
THE ‘ARS CHARACTERISTICA' OR THE CALCULUS OF QUALITY 

AS THE ‘UNIVERSAL THINKING MACHINE’

4.1. Whereas the purpose of the Cartesian 'mathesis universalis’ 
was to work out a universal calculus for deriving and testing quan­
tifiable statements, for Leibniz the goal became that of deriving 
and testing true statements in general. Leibniz regards his ‘scien­
tia generalis’ as a calculus of quality.34 The insight implicit in Des­
cartes’ conception of algebra, that the formalization of epistemic 
procedures in calculi depends on the introduction of a formalized 
language, becomes explicit with Leibniz. His ‘scientia generalis’ 
needs an artificial language.35 This language is to be constructed 
so that every concept is analytically reducible to some basic con­
cepts,36 so that, in turn, all complex concepts may be formed by 
combining these basic ones. To these basic concepts an alphabet of 
signs should be related in a one-to-one correspondence. Leibniz 
calls this artificial system the ‘calculus ratiocinator’, and works 
out a system of rules for it to transform the series of signs.37 
These rules fulfill the criterion of being independent of the mean­
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ing of the signs. The ‘scientia generalis’ has to perform two tasks:38 
(a) it is an ‘ars inveniendi’ insofar as still unknown statements can 
be generated by exhausting the formal possibilities for combining 
the basic signs; (b) it is an ‘ars iudicandi’ insofar as the truth of al­
ready known statements can be demonstrated by analyzing and 
reducing them to identical judgements.
4.2. The Leibnizian project of a ‘scientia generalis’ implies that a 
machine can be constructed with which new statements can be 
demonstrated. Leibniz himself indicates this when he speaks about 
the possibility of producing a combinatory calculus with a ma­
chine. It has already been mentioned that a calculus can be me­
chanically simulated insofar as its rules take the form of an algo­
rithm, that is, insofar as its operations can be described as an effec­
tive procedure which is to be performed in a finite number of 
steps. Hence the two tasks of the ‘scientia generalis’ may be de­
scribed as follows: (a) given an axiomatic system A, there will be 
an algorithm according to which all possible inferences can be 
derived mechanically within this system; (b) given an axiomatic 
system A and a theorem T, there will be an algorithm whereby it 
can be mechanically decided if T can be derived within A or not.

These assumptions characterize what may be called ‘the univer­
sal thinking machine’. I choose this metaphor as a way of charac­
terizing the assumption that all acts of knowledge can be carried 
out according to algorithms. Such an algorithmic operation can al­
ways, to use our present terminology, be written down as a com­
puter programme.
4.3. In the mathematical-logical discussions of the 20th century, 
the concept of algorithm is defined in terms of computability, enu­
merability and decidability.40 In certain respects, recursive enu­
merability can be interpreted as specifying the ‘ars inveniendi’, and 
decidability as specifying the ‘ars iudicandi’.41 Defining algorithms 
in this way, however, shows that decidability and enumerability 
are not valid for every possible calculus. Thus the impossibility of 
a universal thinking machine has been demonstrated. But the his­
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tory of the Leibnizian programme is not our theme here. I would 
rather turn to conclusions which may be drawn from the above 
sketch of the idea that reasoning can be schematized.

5. CONCLUSIONS

5.1. The 17th-century paradigm of technical action is valid not on­
ly for the natural sciences, but also for mathematics and logic. 
With the beginning of modem times, two strategies for testing the 
truth of statements emerge. On the one hand, the examination of 
the so-called ‘factual truths’ in the natural sciences has to be based 
on experimentation. On the other hand, the examination of the 
so-called ‘truths of reason’ in mathematics and logic has to be 
based on axiomatic-deductive derivation. Customarily, it is the 
new role of confirmation by experiment in the natural sciences 
(under the paradigm of reproducible technical operations) which is 
interpreted as the new element in the development of modern sci­
ence. This is to be understood in contrast to the axiomatic-deduc­
tive reasoning which has been given its classical form by the Greeks 
and which remained relatively unchanged up to the transition 
from the 19th to the 20th century. However, our explication gives 
a different picture. The logic of technical procedures gives its 
shape to 17th-century mathematics and logic in the form of a 
mechanizable calculus. The deductive method based on the ideal 
of mechanical deducibility through the pure syntactic transforma­
tion of series of symbols is the new element in the conception of a 
deductive process, which was not conceptualized by the ancient 
Greeks. Nevertheless, in contrast to David Hilbert’s later attempts 
to work out a complete axiomatic calculus, we cannot overlook 
the fact that the conception of a ‘calculus without interpretation’, 
just as a ‘sign without meaning’, is not to be found in the 17th 
century. The symbols of a 17th-century calculus were always 
thought of as representing states of affairs given independently of 
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the signs of the calculus. The technical goal of a 17-century cal­
culus consists precisely in simplifying the operations relating to 
complicated states of affairs by making them operations in calculi. 
This is to be done in such a way that, in principle, anyone at any 
time can perform any given operation in the same way, insofar as 
he or she has mastered the language of signs and its corresponding 
rules.
5.2. The rationalistic concept of reason is oriented towards the 
ideal of reasoning which can be mechanized. The guiding idea for 
rationalism, the theory of knowledge of the 17th century, was the 
methodical use of reason. While this idea was tied to the assump­
tion of a universal scientific language, which could be formalized, 
and to the assumption of a universal method of reasoning, which 
might be formulated according to algorithms, the paradigm of a 
mechanizable operation was also valid for the rationalistic concept 
of reason in general. A statement is rational if, in principle, it can 
be inferred even by a machine from other true statements. The 
truth of a proposition is then guaranteed by the correctness of its 
derivation. Technical producibility becomes the criterion of mod­
em rationality. This is made possible by a radical shift in the se­
mantic pattern, as a result of which signs are no longer encoded 
ciphers for the objects they refer to, but rather come to represent 
these objects according to convention. The modern epistemologi­
cal ideal presupposes representative symbolism. Knowledge is no 
longer oriented towards a hermeneutical model of the interpreta­
tion of signs as it was especially in the Natural Philosophy of the 
15th and 16th centuries, but, rather, it is oriented towards the 
model of forming and transforming signs by employing algorithms.
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GIDEON FREUDENTHAL

TOWARDS A SOCIAL HISTORY 
OF NEWTONIAN MECHANICS. 

BORIS HESSEN AND HENRYK GROSSMANN 
REVISITED

In the present paper I shall argue for a social history of science, 
different from an ‘externalist’ approach in that it explains the cog­
nitive content of science, too, and different from the approach of 
the ‘sociology of scientific knowledge’ in that it upholds the sci­
entific claim to objective knowledge. I shall present my argument 
in a discussion of the papers of Henryk Grossmann and Boris Hes­
sen which are both concerned with the scientific revolution of the 
17th century.

Henryk Grossmann’s paper, ‘Die gesellschaftlichen Grundlagen 
der mechanistischen Philosophic und die Manufaktur (1935) has 
not been translated into English, nor taken notice of. Boris Hes­
sen’s paper, ‘The Social and Economic Roots of Newton’s Princi- 
pia' (1931) is notoriously ill-reputed. Having been discussed for 
many years, the conclusion now seems clear: “No one who is seri­
ously engaged in the study of Newton finds his [Hessen’s] account 
useful as an illumination of the Principia.nl

Hessen’s argument, “science develops out of production”, is in­
terpreted to maintain “that the focus of scientific interest of 17th 
century England were responses to the technological needs of 
merging merchant capitalism and manufacture”.2 This “Hessen- 
thesis” suffers from “the naivety of crude forms of extemalism”.3 
This crude extemalism seems to me rather to characterize the in­
terpretation of Hessen’s essay than the essay itself. I shall in the 
following discuss the basic questions of Hessen’s paper and shall 
suggest a different interpretation, which not only avoids the crude
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forms of extemalism but also makes the concept ‘extemalism’ as 
well as its complementary concept ‘intemalism’ superfluous.

Hessen’s essay has five chapters. I shall dispense with a discus­
sion of Capter 1, ‘Marxist Theory of the Historical Process’ and 
Chapter 5, ‘The Machine-Wreckers of Newton’s Epoch and the 
Present-day Wreckers of Productive Forces’. The second chapter, 
‘The Economics, Physics, and Technology of Newton’s Period’, 
has received the greatest amount of attention. Hessen sums up the 
result of this investigation as follows:

This rough outline of the contents of the ‘Principia’ exhibits the complete coincidence of 
the physical thematics of the period, which arose out of the needs of economics and 
technique, with the main contents of the ‘Principia’... 4

Hessen therefore called the Principia a “survey of mechanics of the 
earth and the heavenly bodies”.

I shall leave this assertion uninterpreted for the moment and 
turn to Chapter 4 entitled: ‘Engels’ Conception of Energy and 
Newton’s Lack of the Law of Conservation of Energy.’

Hessen’s summary reads: “Thermodynamics not only received 
an impulse to its development from the steam machine, but, in 
fact, developed by the study of that machine.”5

Taking these two propositions of Hessen’s together, we obtain a 
thesis that ascribes to technology a three-fold significance for the 
development of science. First of all, the socio-economic develop­
ment expressed in and conditioned by the state of technology de­
termines a social interest in technology; these economic-techno­
logical problems thus constitute an ‘impulse’ for the development 
of science, and technology becomes the subject matter of scien­
tific study. As the subject of scientific study - this is the second 
important function of technology for science — the functioning of 
the machine determines the spectrum of specific questions that 
can be investigated.
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Finally, a third function of technology for the development of 
science must be considered. Whether certain questions can be an­
swered and how they can be answered also depends on the state 
of technology both as the subject matter of science and as an in­
strument of scientific research.

These three functions are of course not independent of one 
another. But the development of certain areas of technology was 
connected with their role in the social process of production quite 
independently of their later function in science. Hessen’s thesis on 
the importance of socio-economic interests should thus be seen in 
two different temporal aspects: first of all, the development of 
practical mechanics itself, which later became a prerequisite for 
science, as a reservoir of objects for study and of instruments for 
scientific work, and secondly, the engagement of science in study­
ing questions of technology. Both aspects are connected by the 
technological literature: the development of technology follows 
and entails an advancement of knowledge, and in the 16th century 
a large number of technological treatises appear, generalizing and 
systematizing a well-advanced knowledge. Hence looking for a 
synthesis between the craftsman, who did much but had no ideas, 
and the philosopher, who thought much and did little, misses the 
point.6

On this interpretation, the Hessen Thesis turns out to be com­
plementary to the study conducted independently by Henryk 
Grossmann, ‘Die gesellschaftlichen Grundlagen der mechanistischen 
Philosophic und die Manufaktur’.7 Grossmann argues that since 
the time of Leonardo da Vinci mechanics had developed through 
the study of machines. The best example of such a connection is 
of course Huygens’s Horologium Oscillatorium of 1675. But I 
want to point out the more general aspects as well. Grossmann 
believed that practical mechanics had provided fundamental theo­
retical prerequisites for theoretical mechanics. It had reduced the 
infinite multiplicity of forms of motion to a uniform driving force 
or engine by hitching different instruments to the same engine 
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and thus made possible a unified concept of driving force; which 
was first discussed in the technological literature; secondly it had 
equated the mechanics of the earth with that of the celestial 
bodies by constructing mechanical planetaria9 long before New­
tonian mechanics unified both areas with the universally applica­
ble three laws of motion. This thesis applies both to particular in­
sights as well as to general patterns of interpretation, e.g. the in­
terpretation of the world system according to the model of a me­
chanical clock.

The Hessen—Grossmann Thesis on the relationship between 
economic-technological development and the development of sci­
ence has thus three components:
(1) Economic-technological interests were the reason why prac­
tical mechanics reached a stage of development in certain areas 
which must be considered as a prerequisite for the development of 
scientific mechanics. This applies both to machines whose func­
tioning could be studied and to the scientific instruments.
(2) Practical mechanics and the corresponding literature developed 
paradigms of interpretation, which theoretical mechanics took up. 
(3) Economic-technological problems provide an impulse to deal 
with certain physical problems.

We can thus see that the usual criticism of the ‘externalist’ the­
sis does not refute the Hessen-Grossmann Thesis. For, against the 
externalist thesis it has been pointed out10 that technological in­
terests alone did not determine research. Electricity, for instance, 
was studied intensively although no economic interests were tied 
to this subject. I believe, however, that the Hessen—Grossmann 
Thesis is not only not refuted by this argument, but that, it can 
even explain why Newton’s Principia is a survey of the mechanics 
of the earth and the heavenly bodies but not of electricity, too.

The former were the areas in which practical mechanics had 
attained such a stage of development that its scientific analysis 
could succeed. This was not the case for electricity nor, for ex­
ample, in chemistry; Newton and others took an interest in both 
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these fields, but since practical production and the theoretical tra­
dition dependent on it had provided no prerequisites for the sci­
entific treatment of them, the necessary prerequisites had first to 
be created in scientific work itself. If the thesis that the develop­
ment of the study of electricity was dependent on the develop­
ment of appropriate instruments (J. Heilbron) is correct, then elec­
tricity and similar examples do not provide any argument against 
the Hessen—Grossmann Thesis; rather, they suggest that we for­
mulate the thesis even more generally. For, if the knowledge that 
can be gained depends on the instruments available then it is clear 
that the instruments applied — whether they are taken directly 
from social production or produced in the process of scientific 
work (this possibility, too, depends of course on the general state 
of technology) — are nothing external to theoretical work. On the 
contrary, they constitute precisely the basis of cognitive develop­
ment.

Let me now consider the question, which of the three aspects of 
the Hessen—Grossmann Thesis can at all be tested by an examina­
tion of the Principia itself.

It is clear from the start that we must be able to recognize the 
area of socio-economically important technological problems in 
the physical questions treated. This was done by Hessen and his 
results were supplemented by Merton and others.

The first and second components of the Hessen—Grossmann 
Thesis, namely the question to what extent Newton’s insights were 
conditioned by the state of technology, has received much less at­
tention. Moreover, most of the issues cannot be examined directly 
in Newton’s Principia. For instance, it is clear that Newton had to 
rely on the astronomical data of Flamsteed and others. The tech­
nological and the cognitive prerequisites for the work of the as­
tronomers cannot be studied in Newton’s book.

The situation is somewhat different when one asks to what ex­
tent technology as an object to be studied was a prerequisite for 
Newton’s mechanics. Here, too, it would be short-sighted to de­
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mand biographical evidence or descriptions of experiments per­
formed.

But especially if Newton did not himself study machines but 
rather relied on the studies of others who dealt with practical me­
chanical problems, then one might easily expect his appropria­
tion of traditional knowledge to show traces of the practical ques­
tions, the terminology, and the theories of the artisans and me­
chanics.

And this is indeed the case; Newton uses e.g. for the simple ma­
chines the common terminology of the technical literature, speak­
ing of ‘increasing force by reducing speed’ and the like. Modem 
studies comparing technical and scientific literature are still a ra­
rity; I am quite sure that studies of this kind would show that ear­
ly scientific terminology and conceptions build upon the techno­
logical literature.11

A further argument in support of this thesis is the following: If 
mechanics had not also been a theory of technology, then it would 
also be anything but obvious that theoretical mechanics can ex­
plain the functioning of machines. But even in the Principia, that 
is, at a time when no applied physics had been developed or put to 
use, Newton illustrated his laws of motion by applying them to 
explain the laws of the five simple machines, as well as such ma­
chines as “clocks and such like instruments made up from a com­
bination of wheels”.12 My point here is not the fact that mechan­
ics accounts for the function of machines but rather the fact that 
Newton was confident that it would. This conviction is comple­
mentary to his view as expressed in the preface to the Principia 
that rational mechanics is a mathematically exact theory of the 
functioning of machines.

So much for the Hessen-Grossmann Thesis. Before I turn to 
Hessen’s other thesis, which concerns the relationship between 
Newton’s work and the English Revolution, I would like to outline 
briefly some of the far-reaching consequences which can be drawn 
from this first complex of theses.
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We can interpret the relationship of theoretical to practical me­
chanics as follows: The subject matter of theoretical mechanics of 
the earth was not simply nature, but rather a machine constructed 
by man. The machine functions according to laws of nature, it is a 
natural object. It is also the embodiment of human knowledge and 
human purposes. It is of importance that one cannot construct a 
machine such as a water mill or a clock without possessing a rather 
advanced knowledge of the laws of nature, but one can construct 
it without knowing Newtonian mechanics, which explains the 
functioning of the machine much better than its constructor could 
have done. But the machine builders of Newton’s time did not 
draw their knowledge from nowhere. Many generations of special­
ists had inherited machines and the knowledge of how to build 
them from the respective previous generations and had increased 
this knowledge by more or less systematic investigations and em­
bodied it in the construction of improved machines.

One can even ask whether the transmission and development of 
knowledge in general cannot be much better interpreted and com­
prehended if one investigates in each case the dependence of trans­
mission, application, and development of knowledge in its depen­
dence on its material media, whether these be instruments or 
means of representation.

If one can furthermore explain the origin of new knowledge 
from the application of traditional, continually improved means of 
investigation as well as through the investigation of objectified 
knowledge - be it in the technical apparatus or in material repre­
sentations — then a theory can be conceived that interprets the 
transmission and development of scientific knowledge in a manner 
not fundamentally different from the transmission and develop­
ment of social means of production in general and which thus 
comprehends science as a particular element in the system of so­
cial labour: Hessen’s dictum, ‘science develops out of production’ 
could thus be supplemented by saying that science shares essential 
common characteristics of material production.13
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The third chapter of Hessen’s paper bears the title ‘The Class 
Struggle during the English Revolution and Newton’s Philosophi­
cal Outlook’.

The Principia, Hessen says, is also a ‘conception of the universe’, 
and he undertakes to explain how Newton’s compromise between 
materialism and religion expressed the views of his class, which 
supported the compromise of 1688, and also how Newton’s con­
cept of inert matter and of absolute space, in which material bo­
dies can be absolutely at rest, conditions his introduction of God 
into the system:

It is clear that such a conception of the modality of movement must inevitably lead to 
an introduction of an extrinsic motive force, and with Newton this role is filled by 
God.’4

Two questions must be distinguished here. The first concerns the 
relationship between Newton’s philosophical views and the socio­
political ideologies of his time; the second is whether Newton’s 
ideological commitment also had significance for the scientific 
content of his physics. The first question has been studied closely 
in recent years — especially by James and Margaret Jacob.15 These 
investigations have to a large extent confirmed Hessen’s judgement 
about Newton’s philosophical views and have provided rich mate­
rial on the use of his work to bolster the ideological positions of 
the factions supporting the compromise of 1688. But Hessen’s 
thesis goes a step farther: he maintains that ideological commit­
ments led to Newton’s conception of matter and of motion. Hes­
sen did not provide the necessary evidence of a connection be­
tween Newton’s ideological positions and his concepts of matter 
and space. The influence of the philosophical interpretation of 
Newtonian concepts on the ideologies of the time has been amply 
demonstrated by the Jacobs. Nevertheless, to demonstrate the sig­
nificance of the ideological position for the cognitive content of 
science, one has to show that Newton’s ideological commitments 
had an influence on the scientific theory itself and not only on its
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philosophical interpretation. I would like, therefore, to report 
briefly the results of a study that I published in 1982,16 in which I 
think have provided evidence for this claim. Let us then take up 
Newton’s Principia.

The first Definition in Newton’s Principia is the definition of 
‘mass’. It reads,

The quantity of matter is the measure of the same arising from its density and bulk con­
jointly.17

Ernst Mach rightly saw a circle in this definition, “since we can de­
fine density only as the mass of unit volume”.18

Such a seemingly trivial mistake by Newton must, I think, 
prompt the question whether it is possible to justify this definition 
in such a way that no circle is involved; and the possibility is easy 
to see if we take Newton’s specific version of atomism into ac­
count. When Newton undertook to explain why certain materials 
have a greater specific gravity than others, he wrote that the dif­
fering specific gravities of bodies prove the existence of a vacuum. 
A denser body is proportionately fuller than a less dense body. 
Newton’s argument is thus that the ultimate particles of all mate­
rials are absolutely dense and of equal volume; only the composi­
tion of bodies differs, that is, the relation between filled and emp­
ty volumes or the relation between the number of equal particles 
of matter and the amount of vacuum per unit of volume. New­
ton’s definition of the quantity of matter follows consistently 
from this consideration. The mass of a body is determined by its 
density - that is, by the number of particles per unit of volume - 
and by its bulk - that is, by the number of standard units of vol­
ume, multiplied by the mass of one standard particle.

A second example can characterize Newton’s atomistic theory 
more precisely and show its influence on his physics.

Newton, as is well known, uses two experiments to prove the 
existence of absolute space. First of all he cites an experiment that
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can actually be carried out - with a rotating bucket of water. A 
bucket filled with water is hung up on a twisted cord. The water 
and the bucket are at rest relative to one another. When the buck­
et is released, it begins to rotate as the cord unwinds, and it moves 
relatively to the water, which remains at rest. The surface of the 
water remains smooth. The motion is gradually imparted to the 
water until the water is moving just as fast as the bucket, that is, 
until it is again at rest relative to the bucket. At the same time the 
surface of the water takes on a concave shape, that is, the water re­
ceding from the axis of rotation climbs up the side of its contain­
er. It reaches its highest mark when the water is at rest relative to 
the bucket:

This ascent of the water shows its endeavor to recede from the axis of its motion; and 
the true and absolute circular motion of the water, which is here directly contrary to the 
relative, becomes known, and may be measured by this endeavor.1’

The experiment proves — so Newton believed — that there is a dif­
ference between relative and absolute motion, and an absolute 
motion is a motion relative to empty space. This latter interpreta­
tion is supported with a thought experiment: Two balls connected 
by a string rotate around their common center of gravity in other­
wise empty space. The balls are at rest in relation to one another, 
but the tension in the string (the effect of centrifugal forces) 
shows their motion with respect to empty, immovable, absolute 
space.

Again, it was Ernst Mach who criticized Newton’s conclusions. 
Mach doubted that centrifugal forces would in fact appear if space 
were really empty; he also questioned whether they would really 
not appear if - in our world - the heaven of fixed stars were ro­
tated around a body at rest.

The point here is that Newton did not suspect any difference 
between the two examples, that he presupposed that a phenome­
non occurring on a rotating body in our world system would also 
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occur even if there were only two bodies rotating in otherwise 
empty space. I propose therefore the thesis that Newton assumed 
that physical phenomena can not only be traced back to the pro­
perties of things’, but also that these properties can be attributed 
unchanged to each and every particle in empty space.

Let me briefly substantiate this assertion. Consider Newton’s 
characterization of the one property which cannot be formulated 
as the property of a single body: gravitation, which can only be 
formulated as mutual gravitation and thus presupposes the exis­
tence of at least two bodies.

In his ‘Regula Philosophandi’ Newton discusses the universal 
properties of the smallest parts of bodies, that is, those properties 
which fulfill two conditions:
(l)That they “admit neither intensification nor remission of de­
grees” and _
(2) that they “are found to belong to all bodies within reach o 
our experiments”.20

Newton then lists the qualities that meet these conditions, and 
these are extension, hardness, unpenetrability, mobility and (force 
of) inertia. Gravitation is not mentioned at first.

In a hand-written addendum to his personal copy of the first 
edition Newton later remarked:

Gravity is a quality of all bodies on which experiments can be conducted, and, existing 
in individual bodies in proportion to the quantity of matter, it cannot be intensified or 
remitted, and consequently by Hypothesis III [= regula III-G. F.) it is a property of all 

bodies.

Gravity, then, meets the requirements of a ‘universal property’. In 
the third edition of the Principia Newton however wrote:

Not that I affirm gravity to be essential to bodies. By their vis insita I mean nothing but 
their force of inertia. This is immutable. Their gravity is diminished as they recede from 

the earth.”
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The argument seems to be nonsensical; for it is not the ‘property’ 
gravity but rather its effect, the acceleration of the gravitating 
bodies, which diminishes with distance, that is, the formula for 

m • m’
gravitation is still valid: G=--------- . But Newton s argument in the 

r
third edition does make sense if we consider the reason given for 
the introduction of the criterion for a universal poperty: “and 
such (qualities) as are not liable to diminution can never be quite 
taken away.”22

Now, if essential properties are those which can be attributed to 
a single particle in empty space, then Newton is right in saying 
that gravitation is not an essential property, since a single particle 
does not gravitate. Inertia, on the other hand, is an essential pro­
perty, since in the lack of powers in empty space the single parti­
cle would preserve its state of motion.

Summing up, we can say that fundamental concepts of Newton­
ian mechanics depend on his interpretation of the analytic-syn­
thetic method as maintaining that phenomena should be traced 
back not merely to the properties of things or to simple laws but 
rather to those properties which belong to every body even as a 
single body independent of all others.

Is this view peculiar to Newton or was it shared by others? And 
how can it be justified?

Francis Bacon dealt with the origins of the analytic—synthetic 
method in his Novum Organum:

Now the human understanding is infected by the sight of what takes place in the me­
chanical arts, in which the alteration of bodies proceeds chiefly by composition or sep­
aration, and so imagines that something similar goes on in the universal nature of things. 
From this source has flowed the fiction of elements, and of their concourse for the for­
mation of natural bodies.23

Now I do not want to maintain here that the analytic—synthetic 
method was simply borrowed from ‘mechanical arts’, nor do I 
want to review the extensive literature on the development of this 
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method in various sciences under various interpretations. I merely 
want to stress two points:
(l)That Newton’s explanation of the method indeed agrees with 
the artisan tradition of ‘compounding’ and separating . For in 
practical mechanics it must be assumed practically that the proper­
ties of elements are independent of the system constructed by 
combining them.
(2) That not only Bacon but also many other scientists of the 17th 
century interpreted the method on the model of artisan proce­
dures.

But the analytic-synthetic method was supposed to be not just 
the method of mechanical arts and physics, but also the universal 
scientific method. Thomas Hobbes, for instance, introduced the 
method into his general methodology:

For everything is best understood by its constitutive parts (ex quibus rebus constituitur). 
For as in a watch, or some such small engine, the matter, figure, and motion of the 
wheels cannot well be known, except it be taken insunder and viewed in parts.24

Newton’s implicit presupposition is introduced by Hobbes expli­
citly, both in natural philosophy25 and in social philosophy. In De 
Cive Hobbes writes: “so to make a more curious search into the 
rights of states and duties of subjects, it is necessary, 1 say, not to 
take them insunder, but yet that they be so considered as if they 
were dissolved.”26

Now the purpose of Hobbes’s procedure is pretty obvious: 
Hobbes’s theory that the state originates in a contract of individ­
ual men with the sovereign, depends on the presupposition that 
before entering into the contract all men could live on their own 
and possessed all properties necessary to make a contract possible 
but not compelling. They must be able to live self-sufficiently and 
have freedom and reason. As a consequence, Hobbes must (as he 
points out himself):



206 GIDEON FREUDENTHAL

Consider men as if but even now sprung out of the earth and suddenly, like mushrooms, 
come to full maturity, without all kind of engagement to each other.3’

But is there any real connection between the analytic—synthetic 
method as applied in natural and in social philosophy? One con­
nection between natural and social philosophy lies in the fact that 
they have an object in common: Man. For as a member of society 
man is subject matter for social philosophy; as a living creature he 
is subject matter for natural philosophy. But some properties of 
human beings are even the special subject of mechanics, such as 
the ability of humans - just like gravity or the impact of a moving 
body — to set an unmoved body in motion. This ability of humans 
also makes a connection to practical mechanics, in which Bacon 
suspected the origins of the analytic-synthetic method and of 
atomism. For the transmission machines of the time could be driv­
en by water power or some other force of nature but also just as 
well by humans or animals. The concept of ‘force’ had to apply to 
all kinds of power sources. Even without going into the often as­
sumed anthropomorphic sources of the concept of force, we can 
ascertain an immediate connection between the analysis of human 
motions and that of general mechanical motions, that is, between 
physiology and mechanics. However, the question of the ability of 
humans to move has not only physical and physiological aspects; 
it also has moral and socio-political implications. For, the capacity 
of humans for arbitrary motion - and not like inanimate objects 
having merely the ability to be moved — was seen as the basis of 
their freedom. And the freedom of humans is, as we have seen, 
also one of the presuppositions of all contract theories of society.

To understand Newton’s position we must first consider the po­
sition of Descartes to which Newton refers. With his argument, 
Cogito ergo sum Descartes began a new chapter not only in episte­
mology but also in physiology. For, the ‘soul’, which was tradi­
tionally thought of as endowed with powers of sensation, motion, 
and thought (facultates sentiendi, movendi et intelligendi), was 
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now ascribed only the property of understanding, no longer the 
ability to move the body. This is, on the one hand, a revolution in 
physiology - as Descartes argues at the beginning of his La des­
cription du corps humain- on the other hand, it means that the 
willful motion of humans can no longer serve as a proof of th 
freedom. This position, which Leibniz also took up, is attacked by 
Newton. In an argument drafted for the discussion with Leibniz 
and oriented on Descartes, Newton defines: Phenomena I call 
whatever can be perceived, either things external which become 
known by the five senses, or things internal which we contemplate 
in our minds by thinking. As fire is hot and water is wet, and gold 
is heavy, and sun is light, I am and I think.- In the same connec­
tion Newton appealed to the “daily experience of all mankind ,

every man finding in himself a power of seeing with his eyes and moving his body by his 

will.2’

Human freedom is thus guaranteed by the fact that everyone can 
move his body by his will. But Hobbes’s and Leibniz’s argument 
that the will itself is determined by external motives also had to be 
refuted. The counter argument is that the human will could ac 
spontaneously even if there were no motives at all and the alterna­
tives were consequently indifferent: Samuel Clarke, representing 
Newton in the debate with Leibniz wrote.

But intelligent beings are agents; not passive, in being moved by motives, as a balance is 
by weights- but they have active powers and do move themselves, sometimes upon the 
view of strong motives, sometimes upon weak ones, and sometimes where things are ab­

solutely indifferent.30

Now both Clarke and Leibniz agree that absolutely indifferent sit­
uations can be realized only if we place an active principle, a will 
in empty space. The discussion of human freedom is thus carried 
out in the form of a discussion of whether God could act in empty 
space.



208 GIDEON FREUDENTHAL

It is not necessary to take up the additional arguments for and 
against this concept of freedom; in our context it is only impor­
tant to note that the concept of freedom which is grounded here 
demands that the will could act spontaneously in empty space. 
Only then is it possible to attribute this freedom to the will as an 
essential property. The spontaneity of the free will demands, how­
ever, that matter can be moved and that it is different from the 
active principle. The determination of the essential qualities of the 
active principle, of the will, thus conditions the determination of 
the essential qualities of the passive principle: passivity is thus as­
cribed to matter as an essential quality.

It is appropriate here to draw some conclusions from and make 
some explanations about this reconstruction of the Newtonian in­
terpretation of the analytic—synthetic method:
(1) First, I would like to point out that this interpretation applies 
only to the notion that qualities like inertia, etc. can be attributed 
to objects as essential properties. It does not necessarily concern 
the question of how these qualities are defined. The alternative 
given at the time between a concept of inertia as ‘inclinatio ad 
quietem ’ and the Newtonian concept of ‘conservation of the state 
of motion’, for instance, is not explained by this reconstruction. 
(2) Furthermore, to complete the demonstration of the philoso­
phical-physiological-ideological conditioning of Newton’s concept 
of matter and the concepts dependent on it (density, absolute 
space, etc.), it would be necessary to show that an alternative 
foundation of dynamics would have been possible in the 17th cen­
tury. I believe I have provided such a demonstration in the study 
mentioned earlier: I have shown there that Leibniz grounded his 
dynamics on the concept of the conservation of vis viva in systems 
of bodies and that one can derive the same laws of motion in his 
system as in Newton’s. It can also be shown that Leibniz explicitly 
relates all physical propositions to systems and criticizes the con­
cept of ultimate element. It can furthermore be shown that Leib­
niz rejected the English contract theories of society as well as 
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the corresponding concept of freedom. Finally, the differences 
touched on here can be traced back to differing social relations.

To put it briefly, it can, I believe, be shown that we are dealing 
with differing philosophical systems each of which is conditioned 
by social relations; within each of these differing foundations of 
dynamics are possible, which are however of equal value as phys­
ical theories.
(3) From these remarks it should not be concluded that socially 
conditioned philosophical systems determine immediately basic 
assumptions of physics. On the contrary, 1 have shown in the dis­
cussion of the Cogito-arguments of Descartes and Newton how 
many theoretical presuppositions of a special nature — for instance 
physiological notions - go into this supposedly ‘immediate experi­
ence’. Experience can neither be reduced to supposedly immediate 
sense perception nor to rigid, pre-given paradigms of interpreta­
tion. The point is, however, that the paradigm of interpretation 
that I have discussed includes the experiences of practical and 
theoretical mechanics as well as of physiological theories with 
their moral and social philosophical presuppositions and conse­
quences. There is of course no necessity that the paradigms of 
interpretation are always as rich as in this case, but there is also no 
reason to believe that this case is exceptional. The problems dis­
cussed here also played an important part, for instance, in the 
discovery of the principle of the conservation of energy, which 
was made in physiology and was connected with discussions about 
‘vital forces’ and physicalist materialism in general.

In conclusion I should explain briefly the conception of the de­
velopment of science touched on before and to compare it with 
earlier attempts at socio-historical interpretation and with the cri­
ticism of such attempts.

Critics of socio-historical interpretations of science - for in­
stance, Koyre - have, I think, rightly pointed out that such inter­
pretations do not affect the ‘scientific chain of thought’. I hope I 
have succeeded in showing that this need not always be the case.
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As is well known, there have already been a number of attempts 
to give a so-called ‘externalist’ explanation for the process of theo­
ry formation. I mention only the sociology of knowledge, Borke- 
nau, Sohn-Rethel and the ‘strong programme’in Edinburgh. How­
ever different these approaches are, they all suffer from at least 
one of three basic failings: they explain only very general charac­
teristics of theories, in relation to which any specific theory is 
indifferent; they do not indicate how a supposedly pre-given para­
digm of interpretation is connected with the formation of partic­
ular concepts; and finally, they cannot explain the possibility of 
acquiring objective knowledge.

When Zilsel - to mention one of the most serious attempts of 
this kind - explains the origin of an experimental-mathematical or 
experimental-logical method in terms of social history,31 his ex­
planation applies to a characteristic of all theories of modern sci­
ence, whether in physics, chemistry, biology, or any other science. 
The differences between the methods of the different disciplines 
as well as within one discipline both at one time and at successive 
points in time are not considered. The usefulness of this thesis for 
the investigation of any specific problem is correspondingly small. 
It is therefore not surprising that Zilsel was able to remain a con­
vinced empiricist.

The third failing mentioned above - which especially character­
izes the various forms of sociology of knowledge - lies in the con­
clusion that scientific knowledge is sociomorphic. When one ex­
plains the concept of a scientific law, of mathematics or logic as 
the result of a reflection of social relations, one stumbles into the 
quandaries of the traditional question of epistemology: how the 
subjective thought forms are to correspond to the laws of objec­
tive reality. It is not enough to claim that theories are generally 
underdetermined by experience and hence that different theories 
can in principle account for the same range of phenomena;32 it has 
to be shown in concreto that in a specific time such different the­
ories were or could have been conceptualized. It is only then that
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the concept of an ideology-laden theory representing objective 

knowledge makes sense. . ,
None of these objections can, 1 believe, be raised against 

conception I have outlined. If one considers scientific work .asa 
specific form of social labour and derives the acquisition bot 
particular knowledge and of paradigms of interpretation from_ ac­
tions dealing with structured objects within the framework of so­
cial relations, then relativism is excluded from the start. For what 
ever experiences contribute to the formation of a Para^g™ ° 
ternretation, the paradigm must be able successfully to structure 
experience. Even if one assumes the possibility of ai very^ong m- 
fluence on paradigms of interpretation by social and POlltc^e°’ 
logies as I have tried to show for Newton, the mterpreta ion must, 
nonetheless, account for physical experience. Ideology-laden con­
cepts and theories can be tested and developed further just as can 
any other concept.

Tel Aviv University
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HUBERT LAITKO

ON THE EMERGENCE
OF SCIENTIFIC DISCIPLINES

The study of the emergence processes of disciplines has become 
one of the preferred topics in Marxist science research during the 
last decade. It has always had some interaction with other trends 
in science research, but it has been not very strongly interrelated 
with them. Following an international trend (e.g. Geblewicz et al. 
[eds] 1973; Kotarbinski et al. [eds] 1976; Scriba 1979; for a bio­
graphical survey see Guntau 1982b, pp. 99-111), historians of sci­
ence in the GDR, in collaboration with specialists from various 
other areas have completed an investigation programme on disci­
pline emergence processes. Beginning with a symposium, ‘Zur Her- 
ausbildung wissenschaftlicher Disziplinen’, held in December 198- 
at Wilhelm Pieck University, Rostock, more than fifty case studies 
were elaborated and prepared for publication (in 1985; cf. Fahren­
bach and Koster 1983). The set of studies was divided into four 
groups: natural sciences, human sciences, technical or techno­
logical sciences, and social sciences. We recommended for the sin­
gle independent investigations, undertaken by individual authors 
in different institutional contexts, a conceptual framework and a 
- deliberately loosely constructed - research strategy (Guntau 
1982a; Laitko 1982). While our descriptive concepts were accept­
ed or criticized, but at least perceived by the majority of authors, 
the various authors nevertheless differed significantly in their 
methodological approaches. This is a fact which reduces the value 
of the resulting sample of case studies for comparative analysis, 
but the divergence of approaches drew our attention to many fea­
tures of the processes of discipline formation and confronted us 
with unsolved problems of adapting the categories of Marxist sci­
ence research to this field of investigation.

213

Imre Hronszky, Mdrta Feh^r and Balazs Dajka (eds). Scientific Knowledge Socialized, 

213-223.
© 1988 by Akademiai Kiado, Budapest, Hungary.



214 HUBERT LAITKO

Marxists have conceptualized science from the very beginning as 
a social phenomenon — in a period when other philosophies saw 
science as a cumulative result of independent individual genius or 
as a body of self-sufficient and self-developing ideas (Marx 1844, 
p. 531). During the first decades of a specialized Marxist science 
research, the pioneers of this area (Hessen, Bernal, Harig and oth­
ers) concentrated their effort on dependencies and interactions be­
tween science on the one hand, and the productive forces and 
modes of production, the ideological and political superstructure, 
and the cultural system of society on the other. The research 
methods developed in the course of this research trend were main­
ly appropriate for detecting global relations of the above-men­
tioned kind. The specific social relations of knowledge production, 
on the contrary, for a long time remained (with a few exceptions) 
outside the scope of systematic investigation — state of affairs 
which elucidates the fact that scientific disciplines as social sys­
tems of a medium level (between science as a totality and the indi­
vidual scientists and their microgroups) have been reflected in 
Marxist science research only at a relatively late stage. Meanwhile, 
they were always carefully investigated as systems of developing 
knowledge with their own concepts, methods, and world pictures. 
Scientific disciplines seem to be very suitable subjects for studies 
of the highly complex mediation between global characteristics of 
society and the processes of knowledge production including the 
behaviour of their actors — a mediation that forbids (apart from 
rare and therefore methodically valuable exceptions) any immedi­
ate and rigid correlation between the two aspects of society.

It is not intended here to sum up the results of the case study 
programme before their complete publication. Nevertheless, we 
shall try to formulate three general features of the problem as 
guidelines for further research. The results of the project are to be 
regarded as preliminary. We tend to the conclusion that — before 
possibly starting a new and more precise comparative study — it 
might be favourable to improve the conceptual base and the meth­
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odological equipment by profound and extended investigations of 
a small number of selected discipline genesis processes, just as 
Guntau did in the case of geology (Guntau 1984).

i

Scientific disciplines (or specialities; here no distinction is made 
between the meaning of the two terms) may be understood as sys­
tems of research activities with a stable orientation towards a given 
field of investigation (Laitko 1978). They can expand or reduce 
their areas and change their boundaries with neighbouring discip 
lines, but there must always remain some kind of continuity with 
the primary field. We regard a discipline as established if at least 
the following three components are given:
(1) a system of research activities, the participants of which com­
municate completely, and exchange ideas, methods and results, 
and so form a demarcated community in science;
(2) a mechanism that holds this system stable over time;
(3) a set of institutions that socially warrants the functioning of 
that mechanism and so the persistence of the whole (Whitley 
1975).

The formation of these three components represents the mam 
content of the discipline emergence process. When they are estab­
lished we may evaluate the genesis as completed and from that 
moment speak of the further development of the discipline on its 
own base. It is obviously impossible to identify the birth of a dis­
cipline with any single event in the history of science (Guntau 
1984, p. 12); rather than try, it seems far more plausible to con­
sider the emergence of a discipline as a complex and qualitatively 
peculiar process without sharp chronological boundaries. But if 
we go into details we find a tremendous variability among the 
single processes of discipline emergence; there is no regular step- 
by-step procedure but a wide range of possible sets of institutions 
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able to secure the existence of a discipline, sets which vary remark­
ably from country to country. Furthermore, in the course of dis­
cipline emergence processes we did not detect any typical differ­
ences between the four groups of sciences.

II

The beginning of a discipline genesis process may be caused by 
internal requirements as well as by external ones or by the coinci­
dence of both of them. The degree of accessibility to external in­
fluences is varying, as the former Starnberg group has already dem­
onstrated (Bohme et al. 1977). For instance, Scholz found in the 
genesis processes of chemical disciplines short but important peri­
ods, characterized by a full concentration on their own theoreti­
cal, methodical and institutional emancipation and a nearly com­
plete lack of interaction with other areas (Scholz 1983, p. 94). 
Therefore the idea that science develops according to changing so­
cial goals should be complemented by the hypothesis that science 
can accept only certain social needs, dependent on the given con­
ditions, and react to them by producing adequate intellectual 
means to satisfy them successfully. New disciplines, whether or 
not they are initiated by practical social needs, must always start 
from the body of existing knowledge and cannot be established 
beside it as a totally independent enterprise. All new branches of 
science grow out “of prior research or out of the extension of an 
established body of scientific and/or technical knowledge” (Mul- 
kay in Lemaine et al. [eds] 1976, p. 2). This affords an effective 
mechanism securing the unity of science in all its variability and 
protecting it from the peril of dissolving into isolated pragmatic 
enterprises. In their well-known study, Krohn and Schafer care­
fully traced the foregoing development in organic and general 
chemistry and in other branches of natural science as an indispens­
able requirement for the establishment of agricultural chemistry, 
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an effective scientific alternative to the concept of the so-called 
‘rational husbandry’ (Krohn and Schafer 1976, pp. 32-36). In a 
similar way, our project analyzes the relations of social require­
ments and the foregoing development of knowledge for the emer­
gence of geology, psychiatry and several technical disciplines. 
These last, including technical mechanics, mechanical engineering, 
technical thermodynamics, etc. offer especially striking examples 
of the importance of the above-mentioned dependency; for a long 
time many practical skills and practical experience were available 
in the respective areas of industry, but they could only be incor­
porated into the body of scientific knowledge when some funda­
mental natural sciences were mature enough to analyze the so­
phisticated technological reality with their conceptual means (Al­
bert et al. 1982; Buchheim 1980; Ivanov and Ce§ev 1977; Simo­
nenko 1981).

Another kind of external social influence is the incorporation of 
ideas and experience from social practice and general culture into 
the conceptual framework of the emerging discipline. The use of 
natural language is unavoidable before the new universe of scien­
tific concepts is established. Natural language is a very flexible me­
diator of ideas between science and other spheres of society. Espe­
cially in cases where an area of pre-scientific everyday or profes­
sional experience comes under investigation, the first conceptual 
equipment of the new discipline often contains a lot of terms ta­
ken from practical experience and from general intellectual - main­
ly philosophical - culture reconstructed and adapted to the ac­
cepted scientific approach. We do not have in mind here a passive 
influence, but the deliberate assimilation of everyday, professional 
and philosophical knowledge. This aspect seems to be important 
— to swamp science with practical experience that actually cannot 
be integrated into the body of scientific knowledge would be more 
a hindrance than a help to scientific progress. While professional 
experience originates from a particular branch of social activity, 
philosophical ideas are a kind of general abstract from the totality 
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of social life, and in order to be a creative element in the system of 
culture it is always favourable, if not indispensable, tor a scientific 
discipline not only to demarcate itself from, but also to connect it­
self with philosophy - an insight clearly formulated in an early 
work of F. Engels (Engels 1844, p. 551). Guntau has pointed out 
that the emerging geology acquired many experiences and words 
from the miners’ language - for instance (in German) ‘Gange’, 
‘Kliifte’, ‘Streichendes’, ‘Hangendes’, ‘Scharfen’ and so on; at the 
same time he stresses the decisive importance of the fundamental 
philosophical idea of evolution for the constitution of the con­
ceptual framework of geology (Guntau 1984, pp. 73—74). Similar 
features are to be seen in other disciplines.

A third kind of possible external influence is correlated with the 
construction of empirical observational and experimental proce­
dures for the new field. A lot of ‘know how’ (how to perform var­
ious procedures) comes from social practice, from craftsmanship 
and industry. The emergence of new specialities is often closely 
related to the invention of new equipment. For instance, the in­
vention of the eye speculum by Helmholtz and its implementation 
by the school of A. v. Graefe were of crucial importance for the 
separation of ophthalmology from surgery and its subsequent de­
velopment on its own foundation as a medical speciality (Fahren­
bach 1978, pp. 126-129). During the last century, it became usu­
al that advanced research technology used the most advanced 
methods offered by the existing level of the productive forces of 
society. The limiting factor for the emergence of new specialities 
in such cases is often the system of productive forces, as may be 
seen from the emergence of disciplines like semi-conductor physics 
or microelectronics. This is a trivial but fundamental relation by 
which science is integrated into the general development of so­
ciety.

The three above-mentioned simple kinds of external influences 
combine to form very sophisticated patterns, for they are medi­
ated by the internal social processes in the disciplinary communi­
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ties, by cross-disciplinary communication (new disciplines are of­
ten’bom in the strong interaction of some pre-existing ones), by 
the perception of the importance of the growing discipline in sci­
ence policy and the respective distribution of resources - man­
power and funds.

The whole picture is further complicated by the fact that there 
exist well-defined channels of influence which have also some dif­
fuse social impact on science, acting partially subconsciously as a 
kind of background effect.

in

Emerging disciplines are usually obliged to utilize the facilities af­
forded by their institutional environment. The use of pre-existent 
institutions may be more or less convenient in the first steps taken 
by the new inhabitant of the scientific world, but later on it is o 
vital importance for the young discipline to establish its own insti­
tutions. It is well known, for instance, how the foundation ot the 
Zeitschrift fur physikalische Chemie by Ostwald helped to con­
centrate disciplinary communication among physical chemists and 
thereby consolidate the disciplinary community, and how the es­
tablishment of Technical High Schools at the same level as the tra­
ditional universities sponsored the emergence of technical speciali­
ties Scientific institutions are not only internal social forms ot sci­
entific activity, but also a materialized expression of the attitude 
of society towards science.

National differences in the institutional systems of science 
reflect differences in the social conditions of the development 
of science. It seems that disciplines usually emerge in different 
countries almost simultaneously or, better, that disciplines as gen­
uine international systems of scientific activities are built up of na­
tional components that are influenced by different social condi­
tions, traditional as well as contemporary (Dolby 1976, pp. 6/ 
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72; Guntau 1984, pp. 37—61). It seems a rare event that a system 
should come to maturity in only one country, while the others 
have simply to imitate the model it affords.

Processes of discipline emergence become irreversible due to an 
extended selection process which includes the making of decisions, 
especially decisions about the establishment of institutions. At the 
frontiers of research dynamic systems of scientific activities always 
appear, demarcated from their environment for cognitive reasons, 
and existing informally as invisible colleges or formally as project 
organizations; and later, these systems dissolve again into their sci­
entific surroundings. Structures of this kind are candidates for pos­
sible disciplines.

The critical point in the discrimination of disciplines and proto- 
disciplinary transitory structures seems to be the existence of an 
institutionalized and, to a certain degree, standardized scientific 
training for students as a necessary component of every discipline, 
at least in the form of textbooks, lecture cycles, experimental ex­
ercises, examinations and so on. This aspect of discipline emer­
gence is often underestimated — as it was in most of the studies in 
our project as well — because we are accustomed to prefer to see 
teaching as an activity of knowledge distribution. But it is at the 
same time the reproduction of disciplinary research, combined 
with selected results and methods of other disciplines, and it turns 
to act as an instrument for assimilating newcomers: so the disci­
pline attains an internal reproduction cycle (or feedback) that war­
rants its stable existence over time by solving the problem of gen­
eration change in scientific manpower (Blauberg et al. 1978; 
Mirskij 1980).

In such a cycle, a double control is in action: the accepted way 
of training determines to a considerable extent the subsequent dis­
ciplinary research possibilities; the community of researchers tries 
to influence the curriculum for students in such a way that it suits 
as perfectly as possible their ideas about the desirable future of the 
discipline. The formation and institutionalization of their own re­
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production cycles in an indispensable part of the emergence of dis­
ciplines, and their genesis cannot be regarded as finished until this 
component is included.

The poor abstract given in this paper may suffice to show that 
social impacts touch discipline emergence processes not only at 
their periphery but at their centre, and that it is impossible to 
draw any unequivocal demarcation line between cognitive and so­
cial aspects as they are always dialectically intertwined. It there­
fore might not be a very fruitful approach to conceive of discipline 
genesis as a genuine cognitive process influenced by a social envi­
ronment. We will probably come nearer to the truth through inves­
tigating the emergence of a discipline as the formation of a new 
stable and self-reproducing system of scientitic activities the cog­
nitive and social aspects of which are only abstract moments of a 
far more complex reality.

Institut fur Theorie,
Geschichte und Organisation der Wissenschaft 
Akademie der Wissenschaften der DDR
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TREVOR J. PINCH

THE EXTERNALIZATION OF OBSERVATION: 
AN EXAMPLE FROM MODERN PHYSICS

INTRODUCTION

The sociology of scientific knowledge has recently seen the emer­
gence of several empirical studies of modern scientific practice. 
These studies, whether of episodes of scientific dispute1 or of in­
dividual laboratories,2 are characterized by their detailed accounts 
of the ‘nuts and bolts’ of scientific activity. Such work often dis­
plays the kind of sensitivity to the technical content of the science 
studied as is common in the history of science (indeed, some of 
this work has been referred to by historians as ‘history of science’ 
in all but name).3 Philosophers of science, too, are beginning to 
turn their attention to detailed analyses of scientific episodes in 
hope of obtaining a philosophy of science more commensurate 
with actual scientific practice.4 These new studies promise rich 
dividends in terms of our understanding of the production of sci­
entific knowledge.

The theoretical background of the new sociological work on sci­
ence has been provided by Bames, Bloor, Collins, Mulkay, Knorr- 
Cetina, and Latour and Woolgar.5 Notable are their attempts to 
formulate a sociology of scientific knowledge which treats the 
‘truth’ and ‘falsity’ of scientific beliefs as an actors’ achievement, 
rather than as a matter of epistemological maxim, or as an out­
come produced by the voice of Nature. In this paper I attempt to 
provide a framework whereby detailed empirical studies, informed 
by this tradition, can be compared. The comparison centers upon 
the notion of observation in science. The study drawn upon here 
— that of solar-neutrino observation — is only one of four cases in 
modem physics which I have researched.6 The observational pro-
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cess in this case, however, illustrates general features typical of all 
the other cases.7

SOLAR-NEUTRINO OBSERVATION

Solar neutrinos are produced as a by-product of the nuclear fusion 
reactions thought to occur in the core of the sun. The detection of 
solar neutrinos would confirm one of the basic tenets of stellar- 
evolution theory - that stars derive their energy from nuclear fu­
sion. All other observations of stars are based upon the detection 
of electromagnetic radiation. However, such radiation is produced 
at the surface while neutrinos have the advantage of being pro­
duced in the deep interior. Because neutrinos interact so little with 
matter (weak interaction only), they pass through the sun’s outer 
layers and arrive at the earth eight minutes after they are produced 
by nuclear fusion in the core of the sun. The small amount of in­
teraction displayed by neutrinos makes them ideal as a probe. The 
drawback is, they are exceedingly difficult to detect.

In 1964 it was shown that neutrinos of a rather high energy, 
from one branch of the pp-chain in the sun, might be detectable.8 
An experiment was constructed to try and detect these neutrinos, 
and in 1967 the first results were obtained. These results seemed 
to indicate that the expected flux of neutrinos was not present 
and subsequent observations over a decade have continued to in­
dicate a discrepancy between prediction and experimental result. 
This disrepancy, known as ‘the solar-neutrino problem’, consti­
tutes one of the outstanding problems of nuclear astrophysics 
today.

As a way of examining the observational situation, I will de­
scribe how solar neutrinos are observed (or not observed) in this 
experiment. Because neutrinos are (or,until recently, were thought 
to be) massless and chargeless particles which interact only via the 
weak interaction, an experimenter cannot in any straightforward 
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way ‘see’ solar neutrinos. The presence or absence of neutrinos can 
only indirectly be revealed with the aid of a sophisticated measur­
ing instrument. In this case, the apparatus is rather bizarre: it con­
sists of a 100,000-gallon tank of perchloroethylene (C2C14 - bet­
ter known as dry-cleaning fluid), located a mile under the earth in 
a vacant mineshaft. The C2C14 contains an isotope of chlorine 
(Cl37) with which neutrinos can interact. As a result of the interac­
tion (Cl37 + p ^Ar37 + e") a radioactive isotope of argon, Ar , is 
formed. The presence of Ar37 in the tank can be used as evidence 
of the passage of neutrinos. The tank must be located deep under 
the earth’s surface in order to shield it from cosmic rays which

* 9also trigger the reaction.
As with many observations in modem physics, the entities to be 

observed - in this case solar neutrinos - can only be detected by 
their interaction with other entities. We can say that case Ar 
serves as a surrogate for solar neutrinos. Rather than observe solar 
neutrinos the experimenter looks for the presence or absence ot 
Ar” atoms. Does this therefore mean that the experimenter actu­
ally observes Ar” atoms? No, in this case it does not mean this be­
cause the presence or absence of Ar" is only, in turn, indicated in­
directly. In practice what happens is that after a period of time 
(typically one month) the accumulated Ar” atoms are extracted 
from the tank of cleaning fluid by sweeping it with helium gas 
(Ar“ or Ar” is also added to the tank and acts as an argon carri­
er). The argon is collected on a supercooled charcoal trap and 
placed in a tiny Geiger counter where it decays with the emission 
of Auger electrons of characteristic energy. It is these electrons 
which the Geiger counter registers. Is it therefore the sound of 
Geiger-counter ‘clicks’ which are observed in this experiment? No, 
again further experimental work must be carried out. Some clicks 
will arise from quite other sources, for example the background 
radiation in the counter. In order to separate the signal from the 
background, sophisticated electronics and data analysis have to be 
employed. For instance, the energy and pulse-rise time of each
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count are recorded and the counter is surrounded by anticoinci­
dence devices. The ‘raw data’ for one experimental run are shown 
in Figure 1. Counts or ‘splodges’ within the window are deemed to 
be signal and those outside are deemed to be ‘noise’.

It is the visual inspection of plots similar to those shown in Fig­
ure 1, which provides the information from which the number of 
Ar” decay products detected can be derived. This in turn can be 
used to calculate the neutrino-induced events. Of course, the 
translation of graphical information into a meaningful observation 
of solar neutrinos is far from being a straightforward process. It 
depends upon a detailed knowledge of the physics of the detection 
process, an understanding of the working of the apparatus, and a 
body of statistical theory.
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EXTERNALIZATION OF OBSERVATION

It can be seen that the process of observation just described is 
highly mediated by experimental manipulations, practices, and 
processes of interpretation. The ‘splodges’ observed (and here we 
are ignoring all the observational issues associated with the observ­
ing agent being able to identify ‘splodges’ in the first place) can be 
given a meaning in terms of solar neutrinos only by reference to 
the other stages of detection. It seems that the process of observa­
tion has become refined in such a way that what we might call 
‘primitive sense perceptions’, or the output of an ‘inscription de­
vice’, forms only the last part of a chain of inference.1 As a way 
of describing the minimal role given to this last stage of observa­
tion, where the observing agent actually ‘sees’ something, I shall 
refer to the process of observation in science as the ‘extemaliza- 
tion of observation’. To use a biological metaphor: it seems that, 
in scientific observations, our internal biological receptors have be­
come externalized. It is as if the instruments of ordinary observa­
tion, our eyes and ears, get projected or externalized via the pro­
cess of scientific observation.11 In a very important sense the sci­
entist’s observations reside in the apparatus rather than in the im­
mediate visual or audible fields.12 Corresponding with this charac­
teristic of scientific observation, one finds that arguments over ob­
servations center not so much on the reliability of scientists’ sense 
perceptions, but rather on the reliability of the practices and as­
sumptions that went into the observation process. What matters is 
not what the experimenter ‘saw’, but rather such things as. How 
carefully were the practices followed? How good were the argu­
ments? How competent was the statistical analysis? How good 
were the computer programmes? and so on.

By this process of extemalization, observation becomes a ques­
tion of studying a chain of surrogate phenomena via a series of 
manipulations and interpretations, and this highlights the funda­
mental ambiguity concerning just what has been observed. For in­



230 TREVOR J. PINCH

stance, in the solar-neutrino example, has the experimenter ob­
served solar neutrinos, or Ar37 atoms, or Ar37 decay products, or 
Geiger-counter ‘clicks’, or ‘splodges’ on a graph? This ambiguity 
can be reflected in the production of different observational re­
ports of the experiment. For instance, if we look at scientific pa­
pers in which the results of the solar-neutrino experiment are 
given, we can find the following observational report:13

The upper limit of the product of the neutrino flux and the cross-sections for all sources 
of neutrinos was 3 X 10~3<s sec-1 per Cl” atom.

The result, in this case, is given in terms of the number of neut­
rino-induced events in the target (this is the product of the fluxes 
of neutrinos and the cross sections for their interactions with 
Cl37). However, other reports are possible. For instance, the fol­
lowing report can be found:

The average ”Ar production rate ... is 0.32+0.08 ”Ar atoms per day.14

In this case the report is of the number of Ar37 atoms formed 
rather than the number of neutrino-induced events. In some cases 
one can find more than one observational report given in the same 
paper.

In principle, one can imagine a whole range of different observa­
tional reports. For instance, the results of the experiment could be 
reported as: ‘splodges on a graph were observed’. Alternatively 
they could be reported as: ‘solar neutrinos were observed’. Of 
course the reports would also contain quantitative information, 
but for our purposes the numbers are irrelevant.

The difference between the possible observational reports of the 
experiment can be characterized by their degree of externality. As 
a way of illustrating this, let us take three hypothetical reports 
from the solar-neutrino experiment. We will assume the reports 
are as follows:
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(a) Splodges on a graph were observed.
(b) Ar37 atoms were observed.
(c) Solar neutrinos were observed.

These reports can be said to exhibit progressively increased exter­
nality in the transition from (a) to (c), in the sense that more and 
more of the observational situation must be encompassed in order 
to produce each report. For example, report (a), which is most 
‘proximal’ to the observing agent, refers to only a very small part 
of the observational process — namely, the interpretation of 
splodges on a graph. Report (b) is more ‘distal’ and encompasses 
more of the observational situation, since it deals in addition with 
the interpretation of that part of the observational process where­
by Ar37 atoms are extracted and counted. Report (c) is even more 
‘distal’ and includes not only the detector and associated equip­
ment, but also the core of the sun and the intervening passage of 
neutrinos from the core to the detector. It may at first seem 
slightly odd that the sun is included as part of the observational 
situation, but there is nothing unusual in including sources. After 
all, if we were talking about experiments in which decays from 
atomic systems were observed we would think it odd to exclude 
the atom itself from the observational situation.

EVIDENTIAL CONTEXT AND SIGNIFICANCE
OF OBSERVATIONS

When talking about observation in science one must always be 
aware that observations are usually made for some purpose, for 
example, to test a theory or another observation. One way of de­
scribing this is to refer to the evidential context of observations. 
The evidential context can include such things as a body of knowl­
edge, a theory, law or hypothesis, a classificatory scheme or one 
class of objects, a set of observations or one observation. A variety 
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of relationships is possible. For example, perhaps the observational 
report is similar, different, or better (in terms of errors) than other 
observations; perhaps it provides evidence for the existence or 
non-existence of a class of objects; or perhaps it confirms or re­
futes a hypothesis, law or theory.

Observational reports can be said to be ‘relevant’ only in terms 
of the evidential significance that can be ascribed to them. How­
ever, there is one very interesting property associated with eviden­
tial significance. This is that observational reports may take on 
significance in a variety of different evidential contexts. This can 
be illustrated by reference to the solar-neutrino example. When 
the results of the solar-neutrino experiment first became known, 
the neutrino-induced event rate reported was put into two differ­
ent evidential contexts. One context (and this was the primary 
one) was a test of the pp-chain (and the significance of the results 
were that they indicated the absence of the expected neutrinos). 
However, the results were also put in the context of a test of an­
other cycle of nuclear reactions which can occur in stars - the 
CNO-cycle. The significance of the results in this context was that 
they definitely ruled out the CNO-cycle in the sun.15

The variety of evidential contexts in which observational re­
ports can take on significance is related to the externalization of 
observation. It seems that the more externalized the observational 
report, the more the evidential context in which the observations 
will take on significance is specified. If we return to the hypothet­
ical observational reports in our solar-neutrino example, then we 
can see that reports (a) to (c) exhibit not only increased externali­
ty, but also increased specification of the evidential context. For 
example, report (a) of ‘splodges on a graph’ could take on signifi­
cance in a virtually infinite number of evidential contexts. No sci­
entist would make such a report alone because it could mean any­
thing. Report (b), of Ar37 atoms, does severely reduce the possible 
contexts, but it still leaves open many possibilities. For instance, 
one might be interested in the formation of Ar37 as part of a study 
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of the properties of Ar37 per se, or one might be interested in the 
purity of cleaning fluid with regard to Ar contamination when 
stored underground, or one may be interested in cosmic-ray inter­
actions (which also produce Ar ). Report (c), of solar neutrinos, 
makes it clear that the relevant evidential context is neutrinos pro­
duced in the sun. However, as we have seen already, although more 
highly specified than reports (a) and (b), there is still more than 
one context in which report (c) may take on significance. Indeed, 
if increased specificity were required, this could be obtained with 
yet another observational report of even greater externality. For 
example, the following report would suffice:

(d) The pp reactions were observed.

In this report a new observational entity, the pp-reactions, is in­
troduced. This report is of greater externality than all the previous 
ones and also specifies the evidential context to a greater extent. 
It can be seen that the increase in externality acts as a kind of 
‘focussing device’ - it focusses attention on one specific evidential 
context.

We will return to the evidential context and significance of ob­
servational reports below. It forms an important part of the analy­
sis, especially when it comes to understanding observational dis­
putes in science. As we shall see, such disputes can be understood 
in terms of attempts to change the evidential context and signifi­
cance of observational reports.

THEORY-LADENNESS OF OBSERVATIONS

The problem of the theory-ladenness of observations has been ex­
tensively discussed in the philosophy of science. What I want to 
suggest here is that the issues raised can fruitfully be reformulated 
within the analysis of externality.
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The attempt to distinguish between theoretical terms and observa­
tional terms within logical empiricist philosophies of science can 
be seen to be at the core of the problem of the theory-ladenness 
of observations.16 If observational terms are theory-laden then the 
separation between observational and theoretical terms breaks 
down. An example is provided by Hanson in his discussion of Gali­
leo’s observations of ‘craters’ on the moon’s surface. He writes:

Galileo often studied the Moon. It is pitted with holes and discontinuities; but to say of 
these they are craters - to say that the lunar surface is craterous - is to infuse theor­
etical astronomy into one’s observations... To speak of a concavity as a crater is to com­
mit oneself to its origin, to say that its creation was quick, violent, explosive...”

The term ‘crater’ then is not purely an observational term but has 
embedded in it theoretical notions. Achinstein, in an extension of 
Hanson’s discussion, points out that the problem is that terms are 
used by scientists sometimes in a theoretical way and sometimes in 
an observational way.18 I suggest that the analysis of externality 
provides a way of comparing scientists’ terms which takes us be­
yond the sterile characterization of terms as either theoretical or 
observational. For instance, different observational reports on the 
chain of externality can be said to be ‘observational’ in the sense 
that they refer to what scientists claim to observe. They are, how­
ever, also ‘theory-laden’ in the sense that some assumptions have 
to be employed in compiling such reports. Even the most base 
(lowest externality) of observational reports (e.g., counting 
splodges on a graph) requires assumptions (e.g., concerning the 
separability of individual splodges).

The term ‘theory-laden’ is, however, not directly equivalent to 
the term ‘externality’. As mentioned earlier, externality is defined 
in terms of the amount of observational situation which must be 
encompassed in compiling the report. The more external the re­
port the more assumptions about the observational situation must 
be included. For example, when making an observational report of 
‘solar neutrinos’, that is one of high externality, assumptions must 
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be made about the interaction of neutrinos with Cl37 (this will in­
volve, for instance, weak-interaction theory - a highly formalized 
theory); about the chemical properties of argon (for instance, that 
argon ions will readily become free atoms) and about the counting 
of Ar37 decays (e.g. that Ar37 decays can unambiguously be sepa­
rated from other pulses in the counter). There are many other 
assumptions contained within the complicated web of practice and 
inference which constitutes the observational situation in this case. 
Many such assumptions will be embodied in the craft practices of 
operating this particular piece of experimental equipment. For 
example, the tank must be cleaned in a certain way to avoid 
contamination. We can say that reports of high externality are 
heavily theory-laden, but we are then using ‘theory’ in a very 
special way. As has been emphasized, high externality reports of­
ten incorporate assumptions about the working of the apparatus at 
lower degrees of externality. These assumptions need not be the­
oretical in any traditional sense (e.g., general, systematic, for­
malized knowledge). For instance, the assumption that shot blast­
ing is the best way of cleaning the tank is embedded in an observa­
tional report of ‘solar neutrinos’, but it constitutes an aspect more 
of ‘craft-practice-ladenness’ than theory-ladenness. The dif­
fering degrees of externality of observational reports do not corre­
spond in any straightforward way with differing degrees of theory- 
ladenness when ‘theory’ is taken to mean systematic formalized 
knowledge.19

OBSERVATIONAL DISPUTES

The fruitfulness of the analysis developed thus far can be seen in 
cases where observational reports come into dispute. It is impor­
tant to look at such disputes, because it is during such episodes 
that the taken-for-granted practices of science often come out 
into the open. There have now been a number of excellent socio­
logical studies of controversies over experimental claims in science. 
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My intention here is not to add to these studies, but rather to 
recast aspects of their findings in terms of the analysis developed 
above.20 What these studies have shown is that, during observa­
tional disputes, challenges to the background assumptions which 
have gone into the observation are made. Because the results are 
only as good as the assumptions used to get them, to doubt the 
assumptions is, in effect, to doubt the results. And, as we have 
seen, there are plenty of candidate assumptions which can be 
called into question.

Philosophers of science are more than familiar with this prop­
erty of scientific observation through the Duhem—Quine thesis.21 
Since observational statements depend on a network of assump­
tions, the logical force of a recalcitrant observational statement 
can always be removed by a change elsewhere in the network. Es­
sentially, the sociological studies describe scientists’ attempts to 
remove the force of recalcitrant observations by challenging back­
ground assumptions in the observational process. In most scientific 
practice, background assumptions are routinely accepted. For ex­
ample, every time a laboratory balance is used to weigh something 
(we are in a poorly-funded lab which cannot afford electronic bal­
ances!) we take it for granted that the air pressure acting on each 
side of the balance pan is the same. Although this means that all 
reports of weighings have such built-in assumptions, one would 
not expect this to be important, or even to be noted. It is taken as 
part of the ceteris paribus clause of experimental claims. It is only 
during a controversy over an observation that such background as­
sumptions come into the foreground.

This process of challenging background assumptions can be il­
lustrated by drawing once more upon the solar-neutrino case. 
When the solar-neutrino results were first reported, many attempts 
were made to see what had gone wrong with the observation — it 
had, after all, come out against one of the mainstay theories of as­
trophysics. One response to the results was to challenge the taken- 
for-granted assumption in the observation process that weak-inter- 
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action theory could be used to calculate the capture of neutrinos 
by Cl37. Bandyopadhyay proposed a modified weak-mteraction 
theory which indicated a much smaller cross section for this cap­
ture - thus explaining the failure to detect the expected neutrino 
flux.22 . , .

One way of understanding challenges to assumptions made in 
the observation process is to see such challenges as attempts to 
change the evidential context of the observational report. For ex­
ample, if Bandyopadhyay’s challenge to the solar-neutrino results 
had been sustained, then the appropriate evidential context for in­
terpreting the results would have been weak-interaction theory 
rather than solar neutrinos. The results would still have been sig­
nificant because they would have indicated that the standard theo­
ry of weak interactions needed to be replaced by Bandyopadhyay s 
own theory. However, the context would have been changed. An­
other response to the solar-neutrino results was to question the ar­
gon chemistry. Jacobs published a paper in Nature suggesting that 
perchloroethylene could in certain circumstances form polymers, 
thus trapping Ar” ions in the tank and preventing them from 
forming neutral atoms, and hence from being extracted It Ja­
cobs was correct, then the evidential context of the results would 
have been switched away from solar neutrinos to argon chem- 
istry

Although I have mentioned only two such challenges, a variety 
of background assumptions in the solar-neutrino observational 
process have been questioned over the years25 In this particular 
case none of the challenges has been successful, and the expen- 
menter has been able to maintain that the appropriate evidential 
context for the results is the testing of solar-neutrino flux predic-

I would now like to consider what happens to the externality ot 
reports during the course of a challenge to background assump­
tions It will readily be seen that a successful challenge has the ef­
fect of changing the externality of the observational report. For
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Figure 2. The potential change in externality and evidential context 
of Bandyopadhyay’s challenge

example, in the solar-neutrino case, a successful challenge to as­
sumptions about weak-interaction theory means that observational 
reports of ‘solar neutrinos’ can no longer be sustained. This is be­
cause it now will not be legitimate to extrapolate information from 
the observation of Ar37 atoms to draw conclusions about solar 
neutrinos, since, with a different weak-interaction theory, solar 
neutrinos cannot be expected to produce Ar37 atoms in this ex­
periment. Or, to put it another way, Ar37 will no longer be an ap- 
propiate surrogate for solar neutrinos. However, a change to an 
observational report of lower externality might not raise any dif­
ficulties. For example, observational reports which refer to Ar” 
atoms and splodges on a graph will still be valid: it is just that 
these cannot now be translated into reports on solar neutrinos. 
The chain of inference will have been broken (see Figure 2).26

If we look at the challenge to the argon chemistry we can see 
that a similar switch in the externality of the report is entailed. 
Because Ar” atoms cannot be extracted from the tank, reports 
which refer to ‘solar neutrinos’ or ‘Ar” atoms’ will no longer be
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Figure 3. The potential change in externality and evidential context 
of Jacobs’ challenge

correct. However, a report with lower externality can still be sus- 
tanied. Thus, a report of ‘splodges on a graph’ can still stand; but 
splodges cannot be translated into reports of Ar37 atoms or solar 
neutrinos. Splodges are no longer an appropriate surrogate for 
Ar37 atoms. The chain has again been broken, but in this case at 
one step lower externality than in the weak-interaction challenge 
(see Figure 3). Again, the effect of the challenge is to leave a re­
sidue of correct observational reports, but these are now at a lower 
level of externality. Hence, Figures 2 and 3 show that both chal­
lenges reduce the externality of observational reports and change 
the evidential context.

THE EXPERIMENTER’S DILEMMA

If observation is highly externalized and a number of different re­
ports with different levels of externality are available from any sin­
gle experiment, the question immediately arises as to how an ex­
perimenter decides which report to give. The characteristics of re­
ports of high and low externality are summarized in Table 1.
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LOW EXTERNALITY HIGH EXTERNALITY

low specificity of evidential context high specificity of evidential context 
likely to be trivial likely to be profound
likely to be correct likely to be risky

Table 1. Characteristics of observation reports

It can be seen that an experimenter, when reporting observations, 
is faced with something of a dilemma. Reports of high externality 
will stand greater chance of making a contribution to the wide cor­
pus of knowledge in view of their high evidential specificity, but 
such reports will also be risky. They are risky because they involve 
so many aspects of the observational situation and thus give more 
grounds for possible criticisms. On the other hand, reports of low 
externality are less risky and more likely to gain acceptability - 
however, they sacrifice profundity. They are relevant to so many 
evidential contexts that for all intents and purposes they are use­
less.

The dilemma for the experimenter is the choice between wheth­
er to go for a safe low-level report which stands little chance of 
being challenged, or to be more bold and risk a high-level report 
which emphasizes the profundity of the observations for some spe­
cific evidential context. Interestingly enough, these options, when 
recast in terms of epistemology can be seen as the traditional ones 
which philosophers of science have emphasized.27 We can say that 
a report of low externality corresponds to maximum veracity, 
while one of high externality corresponds to maximum theoretical 
significance. There is a tension between the need for profundity 
and the need for veracity. The observational reports of maximum 
veracity are likely to be the most trivial while the most profound 
reports run the risk of being shown to be false.

My concern here has not been with epistemology.28 The pur­
pose in developing the analysis of externality and evidential sig­
nificance of observational reports has been more descriptive than 



THE EXTERNALIZATION OF OBSERVATION 241

epistemological. I have attempted to give a means of empirically 
comparing episodes of scientific development, and in particular 
observational disputes. And, as we have seen already, the con­
cepts of externality and evidential significance can be given empir­
ical reference. In order to extend the sociological analysis some of 
the factors constraining choices of observational report, and influ­
encing how such reports are ‘negotiated out’ during the course of 
controversies need to be given. Some of the relevant factors have 
been identified in other studies and it is not my intention here to 
extend the analysis in this direction.29 Elsewhere I have shown 
the fruitfulness of the notions of externality and evidential con­
text in understanding issues of personal warrantability in science 
and black-box instrumentation.30

University of York

NOTES

1 See for example the studies by Collins, Harvey, Pickering, Pinch, and Travis collected 
in H.M. Collins (ed.), Knowledge and Controversy, Social Studies of Science, Vol. 11 

(1981), 1-158. , O11 .
2 See for instance B. Latour and S. Woolgar, Laboratory Life (London and Beverly Hills. 
Sage, 1979) and K. D. Knorr-Cetina, The Manufacture of Knowledge: An Essay on the 
Constructivist and Contextual Nature of Science (Oxford: Pergamon Press, 1981).
3 Sec M Rudwick, ‘Report of Meeting “New Perspectives in the History and Sociology 
of Scientific Knowledge” ’, Society for Social Studies of Science Newsletter, Vol. 5 
(1980), 43; and S. Shapin, ‘History of Science and its Sociological Reconstructions his­
tory of Science, Vol. 20 (1982), 157-211.
4 T. Nickles, ‘ERISS and Internal Sociology of Science’, paper presented to the Sixth 
Annual Meeting of the Society for Social Studies of Science (Atlanta, Georgia, 5-7 
November 1981); D.Shapere, ‘The Concept of Observation in Science and in Philoso­
phy’, Philosophy of Science, Vol. 49 (1982), 458-515; D. Gooding, ‘The Making of 
Meaning: Experimental Realism and the Reference of Scientific Terms’, paper presented 
to the joint meeting of the British Society for the Philosophy of Science and the British 
Society for the History of Science on ‘The Acceptance and Rejection of Scientific 1 heo- 
ries’ (Leicester, 28-30 March 1983); and 1. Hacking, Representing and Intervening 
(Cambridge: Cambridge University Press, 1983).



242 TREVOR J. PINCH

5 See B. Barnes, Scientific Knowledge and Sociological Theory (London: Routledge and 
Kegan Paul, 1974); D. Bloor, Knowledge and Social Imagery (London: Routledge and 
Kegan Paul, 1976); H.M. Collins, Changing Order (London and Beverly Hills: Sage 
1985); M. Mulkay, Science and the Sociology of Knowledge (London: George Allen and 
Unwin, 1979); K. D. Knorr-Cetina, Op. cit., note 2; and B. Latour and S. Woolgar, Op. 
cit. ,note 2.
6 The other three cases researched are: measurements of solar oblateness, measurements 
of global solar oscillations, and the detection of high fluxes of gravitational radiation. 
Nearly all the scientists who have made contributions to the debate have been interview­
ed. For some of the results of the study see T. J. Pinch, 'Theoreticians and the Produc­
tion of Experimental Anomaly: The Case of Solar Neutrinos’, in K. Knorr, R. Krohn and 
R. Whitley (eds), The Social Process of Scientific Investigation, Sociology of the Sciences 
Yearbook, Vol. 4 (Dordrecht: Reidel, 1980), pp. 77- 106; Pinch, ‘The Sun-Set: On the 
Presentation of Certainty in Scientific Life’, Social Studies of Science, Vol. 11 (1981), 
131-158; Pinch, ‘Towards an Analysis of Scientific Observation: The Externality and 
Evidential Significance of Observational Reports in Physics’, Social Studies of Science, 
Vol. 15 (1985); Pinch, ‘Theory Testing in Science - The Case of Solar Neutrinos: Do 
Crucial Experiments Test Theories or Theorists?’, Philosophy of the Social Sciences 
(1985); Pinch, Confronting Nature (Dordrecht: Reidel, 1985).
1 All the cases are, however, of astrophysical phenomena observed from earth. How far 
this analysis extends to other areas and other epochs is an open question. Stevan Shapin 
has suggested to me that similar processes can be seen at work in the debate between 
Boyle and Hobbes over the working of Boyle’s air pump - see S. Schaffer and S. Shapin, 
‘Leviathan and the Air Pump: Hobbes, Boyle and the Politics of Experiment’, paper pre­
sented to the joint meeting of the British Society for the Philosophy of Science and the 
British Society for the History of Science on ‘The Acceptance and Rejection of Scien­
tific Theories’ (Leicester, 28-30 March 1983). David Gooding, drawing upon his studies 
of Faraday, has developed ideas which are in some ways similar to those of the present 
paper see his ‘Empiricism in Practice: Teleology, Economy and Observation in Fara­
day’s Physics’, Isis, Vol. 73 (1982),46-67.
’ The pp or proton-proton chain is thought to be the predominant series of nuclear reac­
tions in the sun. The neutrinos detected in this experiment come predominantly from 
the reaction: Bs ♦ Be8 + e+ + v.
’ The experiment is located in a mineshaft in Lead, South Dakota.
10 The importance of inscription devices in the analysis of science is emphasized by 
Bruno Latour: see Latour and Woolgar, Op. cit., note 2, and B. Latour, ‘Visualisation 
and Cognition: An Introduction to the Debates’, paper presented to the STS Seminar 
(Paris, L’Ecole des Mines, 12 14 December 1983).
11 I am grateful to Robert Cohen for pointing out the fruitfulness of this metaphor.
12 This meshes well with Bachclard’s description of observation as ‘phenomenotech- 
nique’. See G. Bachelard, The Philosophy of No (New York: Orion Press, 1972). For an 
extension of Bachelard’s ideas to scientific instrumentation, see Latour and Woolgar, 
Op. cit., note 2.



THE EXTERNALIZATION OF OBSERVATION 243

13 R. Davis, D.S. Hanner and K.C. Hoffman, ‘Search for Neutrinos from the Sun’, 
Physical Review Letters, Vol. 20 (1968), 1205-1209, at 1205.
14 R. Davis and J. Evans, ‘Neutrinos from the Sun’, in J. A. Eddy (ed.), The New Solar 
Physics (Boulder, Col.: Westview Press, 1978), pp. 35-58 at 43
” See, for instance, J.N.Bahcall, N.A.Bahcall and G. Shaviv, ‘Present Status of the 
Theoretical Predictions for the "Cl Experiment’, Physical Review Letters, Vol. 20 

(1968), 1209-1212. _ ,
16 For further discussion of this problem, see R. E. Grandy (ed.), Theories and Observa­
tion In Science (Englewood Cliffs, NJ: Prentice Hall, 1973).
17 N R. Hanson, Patterns of Discovery (Cambridge: CUP, 1958), p. 56.
>» P. Achinstein, Concepts of Science: A Philosophical Analysis (Baltimore, Md. and 
London: Johns Hopkins University Press, 1968), p. 181.
*’ It so happens that in the solar-neutrino case (and in the other three cases I have 
examined) increased externality corresponds with increased theory-ladenness. Also in­
creased externality seems to correspond with an increase in the number of conjectural 
theories. This, however, may be true only for astronomical-type observations. In general 
astronomical sources are not subject to experimental control. For another discussion of 
degrees of theory-ladenness, see W. V. O. Quine, ‘Grades of Theoreticity , in L. Foster 
and J. W. Swanson (eds), Experience and Theory (Boston, Mass.: University of Massa­

chusetts Press, 1970), pp- 1-17.
20 See for example, the studies referred to in note 1.
21 See S.G. Harding (ed.), Can Theories Be Refuted? Essays On the Duhem-Qutne 

Thesis (Dordrecht: Reidel, 1976). . _
22 P. Bandyopadhyay, ‘Solar Neutrinos and the 37C1 Neutrino Absorption Experiment , 
Jorunal of Physics, A, Vol. 5 (1972), L19-L23. , nopsi
23 K. C. Jacobs, ‘Chemistry of the Solar Neutrino Problem , Nature, Vol. 256 (1975), 

” °in discussing these challenges, I am assuming that they produce a sufficient effect to 

change the context. Some challenges to background assumptions will, for instance, only 
have the effect of slightly changing the numerical result expressed in the observational 

^Mostly it was assumptions in astrophysical theory which came under attack - in 
other words, the challenge was mounted at high externality, in the more conjectural 

^For a philosophical analysis of these causal observational chains, see K. F. Schaffner, 

‘Correspondence Rules’, Philosophy of Science, Vol. 36 (1969), 280-290
27 Popper’s philosophy, for instance, can be ragarded as placing the emphasis upon the­
oretical boldness, while inductivists and logical empiricists place greater emphasis upon 
the veracity of observational statements.
28 Some epistemological remarks on this problem are made by Shapere,Op. err., note 4. 
He suggests that scientists should always give their ‘strongest’ description (maximum ex- 



244 TREVOR J. PINCH

temality in my terminology) and ‘retreat’ to other descriptions only when reason for 
doubt arises. The problem with this suggestion is that what counts as ‘doubt’ depends on 
the particular context of the experiment. Indeed, during experimental controversies 
everything can be doubted, including the competence of the experimenter. In any case, 
it seems that scientists do not always offer the highest externality observational reports 
- if this were the case, Davis would have expressed his results in terms of the pp-chain 
rather than a neutrino event rate.
29 See, for instance, the studies referred to in note 1.
30 See Pinch, ‘Towards an Analysis of Scientific Observation’, Op. cit., note 6, and 
Pinch, Confronting Nature, op. cit., note 6.



ANGUS R. H. GELLATLY

INFLUENCES ON THE CONCEPTION 
OF LOGIC AND MIND

INTRODUCTION

In this paper I shall bring together two sets of ideas concerned 
with different aspects of the relationship between logic and the 
mind. One set of ideas is found within recent work on cognitive 
psychology, or cognitive science; the other set is due to sociologists 
writing about logic from a relativist stance. To illustrate my argu­
ment I will make use of a number of by now quite well-known ex­
periments on cross-cultural differences in cognition and on cogni­
tive development. This choice is not arbitrary, for as has been re­
cognized in the literature, the two fields of enquiry have for some 
time been converging onto theoretical and methodological issues 
of common concern (Laboratory of Comparative Human Cogni­
tion, 1979). One of those issues is the relationship between logic 
and mind and the methodological problems that surround its in­
vestigation. My purpose will be to use the empirical examples to 
open up questions about the relationship and in particular to cast 
doubt upon the conception of it in which logic is held to be de­
scriptive of mental processes.

Speculations about logic and mind have, of course, a long histo­
ry, and the diversity of modern approaches to logic allows for all 
kinds of variations on the major positions. As a result one cannot 
readily provide a neat characterization of each and every view 
about logic and its relevance to mind. Yet for present purposes a 
dichotomy must be established between, on the one hand, the 
view of logic in which the validity of a step in reasoning is held al­
ways to be a matter of social convention and, on the other hand, 
those views of logic according to which the validity, or necessity,
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of such steps is held to be determinable on the basis of self-evi­
dently rational criteria. To put it in other terms, the distinction is 
between logic as a never-ending process of social invention and 
logic as discovery. The latter half of the distinction covers both 
the case where the supposed discovery is of pre-existent Platonic 
relationships and that where it is the discovery of remote conse­
quences of linguistic conventions, such as exponents of the theory 
of analytical validity might hold. This view of logic as discovery of 
one sort or another is far and away the most prevalent one in our 
society. So much so that for many people the idea that the validi­
ty of a step in reasoning could be determined by social conven­
tion may be thoroughly repugnant. The desire to ratify our most 
basic achievements by reference to some set of objective standards 
that are external to society and ourselves is a deep one. The per­
vasiveness of the desire, as expressed in the discovery view of logic, 
is one of the influences referred to in my title. Another and relat­
ed influence is the esteem in which logical thinking and abstract 
thought in general are held.

Because, on what may be called the standard view, logic is seen 
not as a product of social practices but as the achievement of in­
dividual minds, there is a temptation to take it for a blueprint of 
the actual workings of the mind. Once this is assumed, then formal 
logic itself can be called on to provide a rigorous-looking descrip­
tion of mental functioning. The temptation to go down this path 
is made all the stronger because of the added credibility that ac­
crues to theories couched in abstract terms. The abstract tends to 
be considered not as one among many modes of discourse but as a 
distinctly basic mode. It has the power therefore to attract credibi­
lity to a theory that makes use of it.

The contention of this paper then is that conceptions of the re­
lationship between logic and mind have been overly subject to the 
influence of the view of logic as discovery and description of pre­
existing abstract relationships. In addition, a second influence has 
been the high standing of abstractly, or formally, stated theories.
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RELATIVISM

In a recent exposition of relativism as it applies to logic, Barnes 
and Bloor (1982), writing in the context of the strong programme 
for the sociology of knowledge, note that an important line of ar­
gument by which rationalists oppose relativism is to assert that all 
cultures share a common core of true beliefs and rationally-justi­
fied patterns of inference. These beliefs and inferences supposedly 
are acknowledged everywhere because they rest on objective and 
universally recognized criteria of truth and rationality, the exist­
ence of which is held to refute relativism.

If correct, such a claim would indeed be the undoing of rela­
tivism. Barnes and Bloor, however, resist the claim. With respect to 
the putative rationally-justified patterns of inference, they pomt 
out that rationalists have rarely felt a need to offer empirical evid­
ence of such universally recognized patterns. Even if such evidence 
were available, they continue, it would not help the rationalist 
case. This would be so because it can be argued that justifications 
of deductive inference always presuppose what they are intended 
to prove (e.g. Haack 1976). If, therefore, there are universally ac­
cepted inference patterns their acceptance cannot be justified ra­
tionally but only explained causally. One such form of explana­
tion would be a nativist one: the disposition to accept the infer­
ence pattern would be a result of the way our brains are organized. 
But, maintain Barnes and Bloor, to explain acceptance of the pat­
tern in biological terms is no less discomforting for the rationalist 
than to explain it in terms of conventional social practices. In 
either case acceptability is being provided with a causal explana­
tion not a rational justification.

Although Barnes and Bloor want to block the appeal to biolog­
ical organization, this is a move commonly made by rationalists at 
some point or other. For instance, Fodor (1975, 1980) argues 
that it would be impossible for an individual to develop logical 
powers not present at birth, so that therefore logic must be innate.
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The evolution of innate dispositions to accept deductive patterns 
might even be seen as rationalism at the evolutionary level, where 
the patterns are somehow immanent in the world. In Piaget’s the­
ory, by contrast, it is the individual who in the course of his adap­
tation to the environment discovers the immanent logic for him­
self, rather than the species in the course of its adaptation. Either 
way, whether one opts for a nativist or an acquisitional account, 
logical competence is commonly explained in terms of the way the 
mind, or brain, operates. This belief that people are able to make 
valid inferences because their minds are appropriately structured 
can be referred to as the doctrine of mental logic. It is a doctrine 
that is often explicitly stated and even more frequently implicitly 
assumed.

Whether rationalists should be allowed to make appeal to an in­
nate mental logic, or whether, as Barnes and Bloor argue, they 
should not remains undecided. Nonetheless, there is still a need to 
investigate the evidence pertaining to universal patterns of infer­
ence. For the relativist position to be secured, it will be necessary 
to demonstrate that the relevant empirical data are far from com­
patible with the notion of universally accepted inferences, and to 
explain how this ceases to be surprising once the conventional na­
ture of logic is borne in mind (see Bloor 1983). In what follows, 
emphasis will be given to the view of logic as social convention. It 
will be demonstrated that examples of inference making are not 
self-evident but that their identification depends on the applica­
tion of mutable criteria. The attributions of logicality on which all 
forms of the doctrine of mental logic rest are, it will be argued, 
reflections of the interests of those who make them.

MENTAL LOGIC

There is a long-standing division of opinion as to whether formal 
logic is descriptive of the thinking process or merely normative. It 
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is the first of these beliefs that is known as the doctrine of mental 
logic. Johnson-Laird (1983) suggests that all psychologists who 
have considered human beings capable of rational thought have 
subscribed to some or other version of the doctrine. It appears to 
express an idea that is readily available in the culture and which 
one may fall back on even unwittingly. An extreme version of it 
was propounded by Piaget, for whom cognitive development was 
essentially the child’s construction for himself of a series of in­
creasingly powerful logics. For those individuals who achieved it, 
the process concluded in the stage of formal operations, by which 
point the individual was supposed to have equipped himself with 
the full propositional logic. “Reasoning is nothing more than the 
propositional calculus itself” (Inhelder and Piaget 1958, p. 305). 
In the original theory this was taken to mean the ability to reason 
logically about any subject matter at all, since the formal-opera­
tions thinker supposedly dealt with logical relations rather than 
their concrete realizations. However, Piaget (1972) radically wa­
tered down this claim. He conceded that the form al-operations 
thinker might only reason logically in respect of matters which 
were of interest to him and in which he possessed some expertise.

The importance of this dilution of Piaget’s position on formal 
operations is enormous, for it immediately raises the problem of 
what criteria need to be satisfied before an individual can be cred­
ited with a mental logic. If the logic only manifests itself in partic­
ular circumstances, how may those circumstances be identified. 
How, on any occasion, can it be known that a person is really rea­
soning rather than, for instance, remembering how things ought to 
be done? What is gained by the positing of a mental logic whose 
manifestations are so unreliable? As we shall see, these are crucial 
questions to answer. They also bear on what is the most common­
ly voiced objection to mental logic.

Henle (1962) remarks that the mere existence of errors in rea­
soning, of contradictions and fallacies, is frequently taken as con­
clusive evidence that logic cannot be descriptive of thinking pro­
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cesses. She goes on to point out, however, that there are alterna­
tive means for coping with the problem of error. For instance, 
both Kant and Boole were of the opinion that errors resulted from 
interference with the laws of right reasoning, and that the laws 
were those of valid deductive inference. In contemporary jargon, 
this would be to postulate a competence-performance distinction 
where formal logic describes a model of competence. (Henle 
[1981] remarks that the distinction should be expanded to include 
cognitive processes but does not elaborate the point.)

In her discussion of errors, Henle provides examples of the kind 
of interference with reasoning which might give rise to them. She 
refers to data collected from American students who were given 
syllogisms, many of them difficult ones, to evaluate.

In many cases, Henle claims, the errors they make can be shown 
to result not from faulty reasoning but from factors such as the 
omission of a premiss, the slipping in of an additional premiss, 
or illicit conversion of premisses (e.g. restating particular premisses 
as universals from which the conclusion followed). In other words, 
subjects in these cases were reasoning validly but had set them­
selves to solve the wrong problems. The working of their mental 
logic could be seen if care was taken to reconstruct the actual 
course of their reasoning. Of course, this strategy is not possible 
for all errors since there is not always sufficient information in the 
subject’s answer to allow reconstruction. However, Henle argues 
that such cases are sufficiently numerous to justify the inductive 
conclusion that all errors could in principle be explained in a simi­
lar fashion. We will return later to Henle’s defence of mental logic 
and to her claim that errors in reasoning are seen not to occur if 
chains of reasoning are properly reconstructed. For the present, 
we turn to Johson-Laird’s critique of the doctrine.
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CRITIQUE OF MENTAL LOGIC

Johnson-Laird (1983) identifies six main problems with the doc­
trine of mental logic. Each is summarized below but for our pur­
poses some are of greater interest than others.
(1) People commit errors in deductive reasoning. Attempts can be 
made to explain these away as Henle does, but it is difficult to as­
sess such attempts.
(2) If there is a logic in the mind, one has to ask which logic it is. 
Modem logicians have formulated many different logics and, at 
least at present, there is no way of demonstrating which one might 
be represented in the mind. There seems presently no convincing 
reason to assume a particular one, as Piaget assumed the proposi­
tional calculus.
(3) Even if one could determine which logic was relevant, there 
would still be the problem of discovering its representation in the 
mind since any logic can be formulated in more than one way.
(4) If there is a mental logic where does it come from? Piaget gives 
an answer to this question but his theory has come in for heavy 
criticism (see below). The sole alternative currently on offer is 
Fodor’s innatism, for which the only evidence is the weakness of 
its competitors.
(5) There is considerable evidence (see Johnson-Laird 1983) that 
the deductive reasoning of adults in our society is not immune to 
the content of logical problems. As Piaget was forced to recognize, 
there are no perfect formal-operations thinkers. But if cognitive 
development is not an advance towards full formal operations, 
what is it the development of and how are we to predict when log­
ical competence will manifest itself?
(6) Logic tells us whether a conclusion follows validly from a set 
of premisses. However, any set of premisses implies an infinite 
number of valid conclusions and clearly people do not draw an in­
finite number of conclusions. The doctrine of mental logic tells us 
nothing about which conclusions will in fact be drawn. Johnson- 
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Laird (1983) formulates certain principles that could govern which 
inferences speakers actually make during conversation, but his for­
mulation is independent of any requirements for a mental logic. 
It does, on the other hand, include Grice’s (1975) maxim for dis­
course, according to which speakers do not state the obvious, and 
also a convention of not stating the trivial.

This last point, that logic cannot tell us which inferences will 
be drawn, also connects to the previously noted difficulty of 
knowing when logical competence will be displayed. For example, 
with some pairs of premisses it is very difficult to see what valid 
conclusion follows, as the following example of Johnson-Laird’s 
demonstrates: All of the bankers are athletes; None of the council­
lors are bankers. Subjects given such premiss pairs tend to pro­
duce erroneous conclusions, and while it may be possible to show, 
a la Henle, that such errors can be given a rational reconstruction, 
this does not tell us why subjects failed to draw the valid conclu­
sion: Some of the athletes are not councillors, in the first place. 
And since with easier premiss pairs subjects demonstrate their fa­
cility at solving syllogisms, it will not do to appeal to Piaget’s re­
vised theory that formal operations are available only for types of 
reasoning familiar to the subject.

We can see therefore that Johnson-Laird has raised some for­
midable difficulties for any version of the doctrine of mental logic. 
In the next section, we will consider some relevant empirical data 
on comparative cognition. Before moving on to examine the em­
pirical evidence it may be helpful to recapitulate the three main 
points so far:
(1) Rationalists sometimes attempt to refute relativism by claim­
ing that there is a core of universally accepted patterns of infer­
ence.
(2) This claim suggests the existence of some form of mental logic, 
whether innate or acquired.
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(3) Henle tries to show that the notion of a mental logic can be 
sustained by arguing that reasoning is never faulty although it may 
at times operate on the wrong input.

COMPARATIVE COGNITION OF THE SYLLOGISM

Of the many comparisons that have been made between industrial­
ized and traditional peoples, one of the most hotly debated has 
been that concerning whether or not the two groups share the 
same cognitive processes. A commitment to mental logic could be 
sustained in either case. An innatist like Fodor would presumably 
argue that people in all cultures must share the same processes of 
mental logic. Piaget, on the other hand, is free to suggest that tra­
ditional cultures may not promote mastery of formal operations, 
and that therefore there may be cultural differences in mental log­
ic (Piaget 1966). Cross-cultural tests of many aspects of Piaget’s 
theory have been carried out in recent years, but for present pur­
poses I want to concentrate on studies that were not designed with 
the theory specifically in mind but that can be shown to have im­
plications for any version of mental logic.

Scribner (1977) summarizes a number of experiments, starting 
with Luria’s pioneering study of the Uzbeks, in which compari­
sons were made between non-literate and unschooled members of 
traditional societies, those with some degree of schooling, and con­
trol subjects in industrialized societies. In all cases, the subjects 
were required to reason about simple verbal syllogisms (e.g., In 
the far north all bears are white. Novaya Zemlya is in the far 
north. What colour are the bears there?). Similar results were ob­
tained with a variety of non-literate populations. In all cases, non­
literate and unschooled subjects performed at an extremely low 
level. By contrast, there was very little variation between schooled 
subjects in different cultures. As little as two or three years of 
schooling make for a dramatic improvement in performance, al­
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though whether this is attributable to schooling per se or to the 
acquisition of literacy is not readily decidable.

When the performance of non-literates was examined in detail, 
all the kinds of errors that Henle found using more difficult syl­
logisms were present on a grand scale. Subjects tended to misre­
member premisses, to import personal and general knowledge, and 
to confuse quantifiers. But what distinguished them most marked­
ly from schooled subjects was their habit of using imported knowl­
edge to convert the problem from the hypothetical to the factual 
(e.g., I don’t know. You should ask people who have been there 
and seen bears).

Scribner explains the performance of the non-literate subjects 
in a manner reminiscent of Henle. Casual observation of their daily 
life and conversation convince her that the people are capable of 
verbal reasoning, even involving hypotheticals. Like Henle, she 
claims that where it is possible to reconstruct a subject’s reasoning 
it is always found to have been faultless. The low level of ‘correct’ 
responses she attributes to lack of familiarity with the ‘genre’ of 
language in which the syllogisms are posed. Problems of this kind 
require near-verbatim memorizing of premisses, attention to logi­
cal relations and disregard for content, and reasoning that is com­
pletely disembedded from real-life context and concerns. Because 
non-literates are not accustomed to practice their mental skills in 
this manner they do not show themselves to good effect, Scribner 
claims.

At first sight then, there may seem to be nothing here that need 
embarrass any version of mental logic. However, a number of 
points can be made.

First, the rationalist claim that all cultures share a common core 
of accepted patterns of inference has not been substantiated. Non- 
literates refuse to endorse all manner of, to our schooled minds, 
straightforward inferences. The fact that they spontaneously say 
things which we consider to be examples of the very same infer­
ence patterns does not mitigate this fact. They do not have a con­
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cept of the inference pattern itself as valid and necessary. What has 
been reported is that in their thinking they sometimes take steps 
which we would also be inclined to take and would want to clas­
sify as conforming to particular patterns. Yet which steps are and 
are not agreeable to both groups is contingent on factors such as 
schooling and literacy.

These same objections could in principle have been raised 
against Henle’s interpretation of her subjects’ errors, but matters 
are that much more clear-cut with the cross-cultural comparison. 
What both Henle and Scribner do is to examine the behaviour of 
their subjects and to select certain aspects that they feel able to 
classify as logical. These can then be explained by appeal to a 
mental logic, while all other aspects of the behaviour are given al­
ternative explanations or ignored altogether. Henle (1962) spe­
cifically points out that only deductive reasoning is governed by 
mental logic, not free association or fantasy or other kinds of 
thinking. Of course this makes her position impregnable since the 
only way of identifying examples of deductive thinking is by see­
ing if they conform to an acceptable inference pattern. The prob­
lem is the same as that of having formal operations that only 
sometimes come into play, as in the diluted form of Piaget s the­
ory. In either case, a mental logic is attributed to the individual in 
order to explain behaviours whose only common feature is that 
they are judged to be in conformity with the logic. Where be­
haviour might be deemed to demonstrate illogicality it is simply 
dismissed as irrelevant. For example, when Henle’s subjects, who 
certainly ought to have known better, illicitly convert premisses.

The thrust of the argument is that we attribute inferences, or 
logical behaviour, to other people as we judge appropriate. And 
what we judge to be an appropriate case will reflect our various 
interests and commitments. For example: Whenever I place a suit­
case at the top of the stairs, my dog flattens himself on his stom­
ach by the front door, apparently anxious not to miss out on 
any excursion. Has he made an inference? Does he have a mental 
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logic? Could his behaviour be explained on a simpler model like 
conditioning? The answers one gives will be determined by one’s 
prior commitments, concerning in this case various features of hu­
man and canine cognition. The same point is made forcefully in 
the following example from the psychology of cognitive develop­
ment.

THE DEVELOPMENT OF TRANSITIVITY

A transitive inference is one in which two pieces of information 
(A > B, B > C) are combined to yield a conclusion (A > C). Piaget 
(Inhelder and Piaget 1956) has argued that pre-operatiohal child­
ren, below the age of seven or eight, are unable to make such in­
ferences because they lack the necessary mental logic. He de­
monstrated the deficiency in two ways. First, a child was pre­
sented with two sticks, A being longer than B. Then stick A was 
removed and B was shown together with a shorter stick C. The 
child was then asked how A compared with C but was typically 
unable to answer correctly. In the second, active, test a child was 
shown a tower of blocks on a table and was asked to build a sec­
ond tower of the same height on the floor. A stick of the same 
length as the first tower from top to bottom was lying around, and 
the purpose of the experiment was to see if the child would make 
spontaneous use of it as a measuring device. Would he, in other 
words, construct a transitive sequence (A = B, B = C, A = C)? Or 
would he rely on unreliable by-eye comparisons of the heights of 
the towers?

While pre-operational children do usually fail both inference 
tasks, it could still be that they are capable of making transitive in­
ferences under other conditions. Bryant and Trabasso (1971) ar­
gued that failure on the passive task might reflect failure to re­
member the premisses (A > B, B> C) rather than an inability to 
draw the correct conclusion. They gave children intensive training 
on the premisses of a series involving five sticks (A > B, B > C, 
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C > D, D > E). Only when the children had passed a test of mem­
ory for the premisses were they asked to make the crucial compar­
ison between B and D, and it turned out that even four year olds 
performed well. Bryant and Trabasso therefore concluded that 
transitive inferences could be made a lot earlier than Piaget had 
suggested. ... , w

This conclusion did not, however, go uncnticized. Younniss 
and Furth (1973) objected to a number of features of Bryant and 
Trabasso’s study. In particular, they suggested that during the 
training period children formed an ordered mental image of the 
series of sticks and read off the comparison of B and D from it. 
Such a procedure, they argued, involves only a ‘sub-logical infer­
ence True operative transitivity, such as is called for m the tower­
construction task, is not available to the pre-operational child. In 
other words, supporters of Piaget’s theoiy countered the claim of 
Bryant and Trabasso by seeking to establish a definition of infer­
ence making that would rule out the offending case.

Trabasso (1977) responded to this attempted narrowing of the 
definition of inference making by trying to show that it would ex­
clude more than was desirable. Far from denying that young child­
ren used imagery to reach their conclusions, he presented evidence 
that this was a typical strategy for adults also. He argued that the 
rules of logic do not provide an adequate model of inference mak­
ing. If the inferences of the children were to be judged inadmissi­
ble, so too would have to be many apparent instances of inference 
making by adults. Both children and adults were said to display an 
‘implicit’ sense of transitivity in their ability to construct an or­
dered mental image during the training on the premisses. Further­
more, Bryant and Kopytnyska (1976) were able to demonstrate 
a degree of operative transitivity even in four year olds. They 
showed that children who failed on the tower-construction test 
would sometimes make spontaneous use of a measuring stick to 
compare the depths of two holes drilled in blocks of wood. That 
is, when the temptation to make visual comparisons was excluded 
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some children revealed a spontaneous understanding of measure­
ment and transitivity.

Between them, therefore, Bryant and Trabassohave argued that 
the restricted definition of transitive inference fails to capture the 
psychological reality of how inferences are made, that it excludes 
too much, and that anyway it fails to draw an absolute distinction 
between pre-operational and supposedly more advanced children.

A further defence of the Piagetian position was mounted by 
Breslow (1981) along two fronts. On the one hand, he tried to de­
monstrate that success on the Bryant and Trabasso five-stick prob­
lem can be achieved without even an implicit form of inferential 
thinking. While on the other hand, he argued that for a child to be 
credited with a true understanding of the concept of transitivity 
he must not only be able to solve appropriate problems but must 
also have a grasp of the underlying necessity of the operation. 
That is, part of Breslow’s strategy has been to seek a further re­
finement of the notion of transitivity that will allow him to main­
tain the required distinction between pre-operational and more ad­
vanced children.

To date there have been no relevant reports of pre-operational 
children exhibiting a grasp of inferential necessity. Yet how could 
such tests be made? Presumably a grasp of necessity can only be 
unambiguously displayed through acceptance of the validity of a 
syllogism with abstract or factually false content. For necessity is 
equivalent to formal validity, and this is the only circumstance in 
which the validity and truth content of a syllogism are separated. 
However, if failure on such a test was taken as evidence that a sub­
ject lacked the relevant concept of necessity, then, as we have 
seen, this would have to be held true of non-literate adults also. 
For they do not accede to hypothetical arguments concerning ab­
stract or unfamiliar content. We have the choice of attributing the 
power of inference making to both non-literates and young chil­
dren or of taking the stricter line advocated by Breslow and deny­
ing it to both of them. What we decide depends on what we are 



INFLUENCES ON THE'CONCEPTION OF LOGIC AND MIND 259

prepared to classify as an instance of inference making. For the ra­
tionalist, who asserts the existence of universally acceptable in­
ference patterns, neither alternative offers any encouragement. If 
one follows Breslow’s criterion, then the cross-cultural data flatly 
contradict the assertion. While, on the other hand, I have already 
argued with respect to the Scribner and Henle position that sim­
ply finding instances of what we might want to classify as infer­
ence making cannot be taken as support for the rationalist asser­
tion.

The point is, and it seems that the debates surrounding the em­
pirical work do not so much prove it as exemplify it, that the no­
tion of an inference pattern is a culture-specific one arising from 
particular social practices and language games, or language ‘genres’. 
We can attribute or not attribute inferences to children and non­
literates (even perhaps to dogs!). What we cannot do is force them 
to operate our conventions and join in our unfamiliar games. 
Which, in brief, is the relativist position on logic. That what con­
stitutes a valid step in reasoning is to be determined by convention 
not on the basis of self-evidently rational criteria.

THE SOCIAL STANDING OF LOGIC

It is probably the case that no conclusive disproof of mental logic 
is possible. The best one can do is to call into question the plausi­
bility of the idea and its utility. The present argument has been of 
this sort. It functions against a background of the proposal that 
steps in logic and their accompanying sense of compulsion are 
matters of social convention (Bloor 1983; Barnes and Bloor 1982). 
Examples have been given that demonstrate the problematic na­
ture of attributions of logicality, or the identification of instances 
of inference making. Because the notions of deductive inference 
and deductive validity are themselves based in social convention, 
because in other words the terms refer to socially sustained catego­
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ries, there is always a possibility of disagreement over any future 
application. Just as a newly discovered species of animal may be 
judged readily assimilable to or dangerously subversive of estab­
lished taxonomic categories, so any new experimental outcome in 
cognitive psychology may or may not result in a perceived need to 
make adjustments in the way categories of logical ability are de­
fined and interrelated. A graphic example of this process of nego­
tiation and renegotiation occurs in the case of the work on transi­
tive inference. It shows that inference patterns are no more to 
be found in nature than are phyla or species; all are examples of 
social categories of discrimination with which we interpret the 
world. For this reason, it should be noted, an experimental result 
that may be accepted as unproblematic at one time may become 
problematic if developments elsewhere force alterations to be 
made in the classificatory network.

The above amounts to a provocative claim both about the real­
ity of mental logic and about the nature of logic itself. Inference 
patterns are not commonly thought of as cultural conventions. On 
the contrary, the symbolic formalism in which they receive their 
canonical representation tends to be regarded as somehow more 
fundamental than any natural language representation. It is seen 
as approximating more closely to some ideal, rather than as sim­
ply one more case which interested parties agree to call an instance 
of the pattern. Even in the theory of analytical validity, once the 
meanings of terms have been fixed by linguistic convention, in­
ference schemata are supposed to carry their own necessity with­
in them. To argue the opposite, to deny that the discipline of logic 
brings us into contact with something outside of ourselves, is to 
venture a heresy. The effort to understand logic as social conven­
tion may be interpreted as an attempt at debasement. For it is 
from precisely that promise of contact with something external 
and objective that the credibility and high esteem of abstraction 
and formalization derive. For example, Dasen (1974) tells us how 
willingly cross-cultural psychologists turned to Piaget’s theory 
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with its talk of structural properties of the mind that could be de­
scribed by models drawn from logic and mathematics. The use ot 
such terminology served to underwrite the claim of the unforma­
lized theory to be a culturally unbiassed account of a universal 
process of cognitive development. In fact it seems likely that the 
persisting appeal of all forms of mental logic owes something to 
the mystique of the very term itself. To ‘explain’ a piece of reason­
ing by reference to a set of internalized rules of logic has the ring 
of a move away from the more complex to the less complex. As in 
all cases of ‘psychologism’, mere redescription has the guise of 
simplification.

There is one last point that perhaps requires further emphasis. 
Anyone who is impressed with the doctrine of mental logic will 
want to ask how, if there is no such thing, deductive reasoning 
takes place at all. If inference schemata and, by implication, in­
ference rules are only part of our way of talking about things, how 
can reasoning that accords with them ever come about? Several 
possibilities have already been suggested. Behaviour that might be 
judged to exhibit inference making could be a result of condition­
ing or of recollection, it might be based upon mental images or 
upon the making of analogies, or it might be generated in almost 
any way at all. A concrete example has been developed in detail 
by Johnson-Laird (1983). He reports a programme which when 
presented with pairs of premisses computes what, if any, valid and 
non-trivial conclusions can be drawn from them. The programme 
has no inference schemata or inference rules built into it. It oper­
ates by constructing models, or instantiations, ot the premisses, 
then proposing conclusions which it tries to falsify by testing them 
against the models. Construction of models and generation of pos­
sible conclusions is guided by the principles alluded to earlier; but 
these principles are not rules of inference, rather, like Gnce s 
maxim, they have the force of conventions. The important point 
is that the programme, given a pair of premisses, can compute 
what may be classified as a deduction. But it does so by means of
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a whole series of varied operations, not through applications of an 
inbuilt logic of deduction. In this respect it resembles the young 
subjects of Bryant and Trabasso. Its performance also mimics that 
of educated adults working with premiss pairs, and Johnson-Laird 
proposes it as a model of actual human cognition.

Whether or not this claim can be sustained remains to be seen. 
It may be that in Johnson-Laird’s brand of cognitive science es­
teem for the computer replaces esteem for logic as a principal 
source of cultural bias. Be that as it may, relativist ideas about the 
conventionalism of logic and research into cognitive psychology 
can be seen to complement each other in building a case against 
the existence of either mental logic or of a common core of ration­
ally-justified patterns of inference.

University of Keele
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KATHY WILKES

‘EXTERNAL’ FACTORS IN THE DEVELOPMENT
OF PSYCHOLOGY IN THE WEST

“Psychology has a long past but a short history”
(Ebbinghaus)

I. INTRODUCTION

The ‘long past’ is the past of common-sense psychology. Older 
than Homer, it is often as brilliant as Proust or Dostoyevsky. Its 
theoretical past, also thousands of years old, dates back to the phi­
losophy of thought and action of the ancient Greeks.

Scientific psychology has the ‘short history’. William James, 
1867: “It seems to me that perhaps the time has come for psy­
chology to begin to be a science.”1 More firmly, Wundt, 1874: 
“The work I here present to the public is an attempt to mark out 
a new domain of science” (1904). Wundt founded his Leipzig lab­
oratory in 1879; in 1891 Cattell became the world’s first Professor 
of Psychology, at Columbia. Since then:

The oldest science in the world has suddenly expanded its factual content and the ranks 
of its scholars at a rate exceeding all other sciences. No other science, in no other cen­
tury, has moved with such swiftness, confusion, and vigor. (Jaynes in Henle et al. leds) 
1973, p.x.)

The short history has been a merry one.
This history owes much to ‘external’ rather than ‘internal’ fac­

tors. Now: the internal/external distinction is a blurred one. More­
over, sciences can be influenced by internal and external consid­
erations on at least three levels: (1) at the empirical (observational 
or experimental) level; (2) at the level where theories are con­
structed and assessed, and where methodological principles and
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scientific norms are discussed and chosen; (3) at the metaphysical 
or metatheoretical level, where principles and assumptions of 
which the protagonists may be entirely unconscious condition the­
oretical endeavours. (See Leias 1985 for elaboration of this tri­
partite structure.) Especially at the level of metatheory it will be 
difficult to judge the extent to which the implicit metaphysical 
presuppositions are due to intemal/rational, or to external/social, 
factors. However, I have no space to do more than rely on an in­
tuitive grasp of the broad outlines of the intemal/extemal distinc­
tion; that should suffice for present purposes.

One more preliminary comment: I shall not in general discuss 
the numerous external factors which affect psychology no more 
than other sciences. I am concerned with influences that affect or 
have affected psychology disproportionately, and shall examine 
three of these: (a) the impact of other disciplines, (b) the role of 
national and school differences, and (c) the demand made of psy­
chology that it should be applicable.

II. OTHER DISCIPLINES

1. Physiology and physics: early days
Wundt, and most other German founders of psychology (e.g., 
Brentano, Stumpf,G. E. Muller, Ebbinghaus, Kulpe, Kohler, Stem) 
held chairs of philosophy even when they had trained as physi­
ologists. Ben-David and Collins2 have analyzed the reasons for 
this; I need not rehearse their arguments. Briefly: in Germany al­
most all research was conducted in universities, and in universities 
run on traditional rigid departmental lines; physiology was popular 
but very oversubscribed, philosophy was less popular and had 
space; so ex-physiologists migrated to philosophy departments - 
but brought to their new home and their emerging science the 
methods, scientific values, and shapes of theory construction, of 
their former discipline. Their physiological background is a mani-
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festly ‘external’ factor which helps explain much of the internal 
content of the new science, particularly at the empirical and the­
oretical levels.

Emphasizing the numbers of physiologists among the founders 
of psychology tells but part of the story, though. It conceals a 
deeper influence, from the highest in the hierarchy of the sciences:

The rejected child of drab philosophy and lowborn physiology, [psychology 1 has some­
times persuaded itself that actually it was the child of highborn physics. It identified 
with the aspirations of the physical sciences, and, consequently, acquired an idealized 
version of the parental image as a super-ego, especially concerning scientific morality, 
i.e., the ‘right’ way for a scientist to behave. (Watson 1973, p. 20.)

Now according to Freud, superegos can influence an individual 
both directly - by setting standards, prescriptions, models, 
norms - and indirectly, by colouring his reactions and presupposi­
tions. So we find here. Physics not only influenced the empirical 
and theoretical levels of psychology, by setting the ‘idealized’ 
standard of morality, method, experimentation, and theory con­
struction; it also provided an ontology and a metaphysics, which, 
without always being made explicit, supplied a metatheoretical 
framework that conditioned theory construction.

For such as Helmholtz, Thorndike and others, physics was un­
challengeable. Its basic metaphor was the Newtonian universe of 
elemental particles attracting and repelling one another in strict 
accordance with mechanical laws - a model that had fuelled the 
atomistic associationism of generations of British philosopher­
psychologists, and which seemed to be working excellently for 
chemistry. Wundt’s structuralism adopted the model without ques­
tion (Wundt had worked for a year [1858] with Helmholtz, whose 
influence over all German science was overwhelming). The psychol­
ogist’s task, Wundt wrote, is threefold:

The first is the analysis of composite processes; the second is the demonstration of the 
combinations into which the elements discovered by analysis enter; the third is the in-
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vestigation of the laws that are operative in the formation of such combinations. (Wundt 
1897, 1907, p. 28.)

Thus the prestige of physics fostered, on the metatheoretical level, 
an atomistic ontology for structuralism; and later for functional­
ism and even Watson’s behaviourism. Nor was this all. As physics 
altered its ontological presuppositions, new models and metaphors 
became available to psychology. The new idea of the force field 
was one of the factors that inspired the Gestalt school — Kohler, 
of course, had studied with Max Planck in Berlin, and there picked 
up field physics.

There was another metatheoretical influence from the same 
source. Helmholtz had studied both physics and medicine, and had 
no doubt but that the latter could be grounded in the former. This 
reductionist attitude spread to all early psychological theories. The 
assumption was that physical reductionism was achievable; or, if 
not that, at least that physical and psychological worlds could be 
reduced to one, for which the laws of physics could be adopted 
(cf. Fechner’s panpsychist monism); or, if not that, at least that 
there would be strong psycho-physical isomorphism, as Gestalt 
theory stresses. Never before or since can there have been such 
faith in the unity of science, a faith heavily conditioning the 
emerging discipline’s choice of ontology, theoretical law, and 
methodology.

In sum, the impact of physics upon the origins of psychology is 
such, especially at metatheoretical and theoretical levels, that, al­
though entertaining, “it is forbidding to speculate about what 
might have happened had [it] had to start its career against a back­
ground of modem quantum theory’’. (Oldfield 1960, p. 33.)

2. Physics: the twentieth century
The analogical application of ontologies, concepts, models, princi­
ples, norms and methods of popular physical theories has contin­
ued unabated in psychology. In the 20th century the most striking
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single instance of the physical sciences acting as psychology’s su­
perego is seen in Watson’s insistence on what he took to be the 
method - in drastically unmodified form - of natural science. 
(Here I exploit MacKenzie’s 1977 analysis.)

However far other psychologists had gone towards adopting the 
methods of natural science, none had yet rejected in toto both the 
use of introspection (despite increasing dissatisfaction with it) and 
all ‘mental’ phenomena. Watson did both. It seemed — not only to 
Watson — that introspectionism and subjectivism had led to sterile 
and profitless inter-school rivalry. Moreover, both when Watson 
declared his revolution (in “the most important book ever writ­
ten”),3 and as behaviourism started to dominate American psycho­
logy, positivism and logical positivism were entering their heyday: 
claiming that the posit of unobservables was unintelligible, and/or 
that all scientific theories should do was provide the most econom­
ical classification of observables, and/or that whatever could not 
be confirmed or disconfirmed was meaningless. Operationism was 
all the rage, combined with stringent hypothetico-deductivism. 
Watson eagerly adopted these positivistic methodological trends:4

The behaviorist asks: Why don’t we make what we can observe the real field of psychol­
ogy? Let us limit ourselves to things that can be observed, and formulate laws concern­
ing only those things ... His sole object is to gather facts about behavior - verify his 
data - subject them both to logic and mathematics (the tools of every scientist)... Ex­
perimental technique, the accumulation of facts by that technique, occasional tentative 
consolidation of these facts into a theory or an hypothesis, describe our procedure in sci­
ence. Judged upon this basis,behaviorism is a true natural science. (Watson 1924, p. 5 ff.)

Behaviourism, in fact, was “a serious attempt to develop a science 
on methodological principles alone” (MacKenzie Op. cit., p. 154). 
It cannot be called a theory, there were no shared views on such 
things as what was learned, nor how, nor what sorts of theoretical 
conceptions were appropriate. The methodological principles 
chosen were those of the physical sciences. Here we see the super­
ego virtually vanquishing the identity of the new science.
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3. Applied, science
Watson expelled the mental; to assist his immensely counter-intui­
tive programme, he exploited the analogy of the switching circuits 
of telephone exchanges. Later, as ‘information’ replaced ‘energy’ 
as the main concern of technology, psychology seized upon a far 
more powerful metaphor: the computer. Again the technology 
came first. Servomechanisms were in use before psychology heed­
ed them; it was rather when the military, during the war, asked 
psychologists to help design these machines to make them ‘user 
friendly’ that their potential significance was recognized. The sig­
nificance was great. Notions like ‘purpose’, ‘goal’ and the like, 
blackballed by behaviourism, could be rehabilitated because of 
their manifestly innocent use in feedback mechanisms.

Now, as all know, the computer metaphor dominates; but it 
came from outside — an external factor having an immense impact 
on all three levels. Metatheoretical: the presupposition that mind 
and brain can indeed be understood by analogy to a computer. 
Theoretical: the computer model redefined the domain of psy­
chology, supplied new ways of conceptualizing the subject mat­
ter, and offered a new methodology of research. Empirical: count­
less experiments are concerned to devise computer programmes to 
simulate human activity.5

4. Opposition to the superego
The impact of the physical sciences has not gone unchallenged, 
even at the beginning. Ebbinghaus, for example, criticized asso- 
ciationist psychology precisely for its reliance on physical and 
chemical analogies. James, even though he said that psychology 
should “begin to be a science”, clearly had a non-Germanic view 
of ‘science’:

... what one may call a microscopic psychology has arisen in Germany, carried on by ex­
perimental methods, asking of course every moment for introspective data, but eliminat­
ing their uncertainty by operating on a large scale and taking statistical means. This 
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method taxes patience to the utmost, and could hardly have arisen in a country whose 
natives can be bored. Such Germans as Weber, Fechner, Vierordt, and Wundt obviously 

cannot... (James 1890, p. 192.)

James wanted science to be practical, to speak to personal con­
cerns; we shall look at the pragmatism in American psychology 
shortly.

Today there are almost 40 subdivisions of the American Psycho­
logical Association; over half of all professional psychologists work 
in applied fields. Thus it is not clear that there is a single study 
called ‘psychology’, and the debate over which science (if any)to 
emulate has become far more restricted in scope. Koch, for in­
stance, suggests that Wundt and James were wrong to claim scien­
tific status for psychology at all:

To persist in the use of this highly charged metaphor is to schackle these fields of study 
with exceedingly unrealistic expectations ... The inevitable heuristic effect is the enac­
tion of imitation science rather than the generation of significant knowledge ... It is a 
deadly form of role-playing. (Koch 1974, p. 25.)

Or, equally forcefully, if it emulates physical science psychology 
“resembles the duckling that has imprinted on the football” (Lip­
sey 1974, p. 409).

Whether any of the serious branches of what Koch prefers to 
call ‘psychological studies’ will get far without the leading-strings 
of natural science is, however, unclear. Although this century has 
seen more man-hours put into psychology than were put into phys­
ics up to the time of Einstein, progress still eludes. It is important 
to note, too, that superegos are invariably distorted. This has cer­
tainly been the case here; the rationality and purity of physics, 
ascribed to it by psychologists seeking to emulate (or despairing of 
emulating) it, have been grossly exaggerated. Physics is now, and 
has been for some time, in intriguing theoretical and metatheoret- 
ical/metaphysical chaos. Philosophers of physics are turning to em­
phasize messy practice rather than abstract theory, phenomenolog­
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ical rather than fundamental laws, the role of models and approxi­
mations, the variety of explanations and methods.6 Arguably, the 
present might be precisely the right time for the physical sciences 
to supply useful methodological and theoretical leading-strings for 
psychology. This ‘external’ factor can still contribute powerfully 
to the ‘internal’ working of psychological theory.

5. Philosophy: early days
I have suggested that philosophy had a useful external role in Ger­
many in the 19th century supplying academic (departmental) re­
spectability for the new science. Otherwise, the positive impact of 
philosophy was relatively slight. Certainly the pragmatic philoso­
phy of such as Dewey jibed well with the move in America to­
wards functionalism, while Germany’s phenomenological philo­
sophy sat well with structuralism. No doubt, too, the philosophi­
cal training of philosopher-psychologists like Kohler, Wertheimer 
and Stem gave their work a theoretical sophistication that it might 
otherwise have lacked. There was also a (dubiously positive) influ­
ence at the metatheoretical level from centuries of philosophical 
metaphysics: “the study of the history of the behavioural sciences 
is the story of attempts to transcend Cartesian dualism, the doc­
trine of primary and secondary qualities, and the banishment of 
final causes from science” (Young 1966, p. 21). Philosophy seems 
to have supplied doctrines, dogmas, metaphysical presuppositions, 
in the framework of which the new science was semi-consciously 
trapped - whether the framework was Cartesian dualism or 
Hegelian idealism. (Another speculation, almost as unimaginable 
as Oldfield’s fantasy of psychology starting up against a back­
ground of modern quantum theory, is of it developing against 
the background of Aristotle’s picture of man and his place in na­
ture .)

An influence from philosophy that hits the ‘internal’ develop­
ment of psychology at the theoretical level can be found, but it is 



‘EXTERNAL’ FACTORS IN THE DEVELOPMENT OF PSYCHOLOGY 273

a negative and obstructive one. It is illustrated in Thorndike’s com­
plaint:

[Descartes’] physiological theories have all been sloughed off by science long ago. No one 
ever quotes him as an authority in morphology or physiology ... Yet his theory of the 
nature of the mind is still upheld by not a few, and the differences between his doctrines 
of imagination, memory, and of the emotions, and those of many present-day psycho­
logical books, are comparatively unimportant (Thorndike 1898.)

Thorndike’s comment could be repeated over and over again - not 
just about Descartes, but about other philosophers theorizing 
about the human mind. Predictably: for centuries philosophy had 
provided the only theoretical psychology that there was. Unsur­
prisingly, it took a long time to slough off.

6. Philosophy: the present
Philosophy now, too, serves rather to brake than foster scientific 
psychology. Whereas established sciences such as physics are 
treated with respect by lay philosophers, and few venture into the 
philosophy of physics, biology or chemistry without some scien­
tific training, psychology has seemed a game that anyone can play. 
There is no ‘philosophical physics’, but there is allegedly a ‘phil­
osophical psychology’; no philosophical theories of velocity or 
momentum, but plenty of such ‘theories’ of action or of percep­
tion. Physics, chemistry and biology have provoked important 
studies of central issues in the philosophy of science; but practical­
ly none of these topics have been considered by philosophers 
studying the mind, even when they describe their work as ‘philos­
ophy of psychology’ - yet they are vital to the science.

The problem is the Tong past’ of psychology. It is brute fact 
that we have a sophisticated, rich and flexible folk psychology in 
terms of which all of us - layman and scientist alike - can ex­
plain and predict individual occasions of behaviour. There is no 
comparably-rich ‘folk physics’ or ‘folk biology’. Folk psychology 
(the legitimate object of study for the philosophy of mind) thus 
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typically gets fused or confused with scientific psychology. Yet 
the differences in aims, methods, explananda, and explanantia are 
so great that the two are not even rivals. (For fuller defence of this 
polemical point see Wilkes 1984.) So long as philosophers fail to 
accept the independence of scientific from everyday psychology, 
philosophy will continue to misunderstand, and thus to obstruct, 
the progress of the science.

HL NATIONAL AND SCHOOL DIFFERENCES

All would agree that psychology is radically fragmented. “No psy­
chologist of course agrees with any other psychologist, but they all 
have strong views about learning, reinforcement and John B. Wat­
son” (Hebb 1974, p. 73). The discipline abounds in partial and 
underdetermined mini-theories, variously incompatible or incom­
mensurable with one another. Of the many internal and external 
reasons for this, I consider next the fact of national and school dif­
ferences. Again I shall abbreviate discussion by exploiting the arti­
cle by Ben-David and Collins (Op. cit.).

1. National differences
Wundt made Germany the capital of the empire of psychology in 
its early days. The list of those from the US and UK who studied 
under him includes almost all the great figures of the 19th cen­
tury. Perhaps it is only James’s work, the short-lived functionalist 
theory, and the behaviourism that quickly overtook functionalism, 
that can be called indigenous American schools; while France and 
Britain scarcely developed ‘schools’ at all.

There were great differences between German and other uni­
versities, which affected the style and nature of research. Germany 
had a long tradition of university- and department-based re­
search, where the authority of the professor in his particular field 
of expertise was unchallenged, and the importance of theory em-
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phasized. As we have seen, the physiological background of the 
early psychologists pervaded their work. In France much research 
was conducted in academic institutions, but the most prestigious 
of all was the College de France, with no students and hence with 
little opportunity to develop ‘schools’. Experimental psychologists 
did not hail from physiology departments; in French universities 
physiology had room to expand. (The main psychological tradi­
tion in France was anyway towards pathological and clinical psy­
chiatry.) Moreover, academic prestige there was not tied so closely 
to expertise in a specific field: France s greatest early experimental 
psychologist, Binet, was in the ‘dilettante’ tradition of Galton, 
dabbling effectively in anything that seized his interest. In Britain 
almost all physiological or psychological research was conducted 
outside the (few) universities, by those with independent means. 
Indeed, as late as 1949 psychology was still an unusual university 
course (after an unsatisfactory decade at Oxford from 1906, 
McDougall emigrated to the more congenial atmosphere of the 
US). America had at first no research tradition; the first graduate 
schools, which required research, were not founded until 1876. 
When research did get under way, the hierarchical German defer 
ence to professors never crossed the Atlantic, given the American 
pride in egalitarianism - James was said to be shockingly informal, 
and his distaste for the authoritarian organization at Leipzig was 
not his alone. Nor was theory regarded as so central. Titchener 
(British, but in this respect thoroughly American) once remarked: 
“Facts are all-important. Carry your theories lightly.” Yet Tit­
chener was one of those associated with ‘a theory’ - his adapta­
tion of Wundtian structuralism kept a version of that school thriv­
ing in the US.

Indeed, the practicality that we associate with Amenca at the 
time encouraged people to ‘carry theories lightly’. The pragmatic 
philosophy of James and Dewey gave, one might say, a theoretical 
justification, at the metatheoretical level, to the relative neglect of 
pure theory. But even without this philosophical validation, prag­



276 KATHY WILKES

matism would have dominated. We need not rehearse the social 
and political factors in ‘the melting-pot of America’ that fostered 
this. What seemed essential were theories that could be used, fitted 
to social, personal and political concerns: the ‘is—for’ of American 
psychology rather than the ‘is’ of the German. Thus functionalism 
was adapted - adapted from structuralism - to tackle problems of 
education, mental health, development, adjustment, individual dif­
ferences. (Wundt, hearing that his former pupil Cattell was re­
searching into individual differences, remarked ‘ganz Amerika- 
nisch’.) And it was no accident that behaviourism took off so fast: 
it was a methodology that could obviously, and swiftly, be applied.

The general trend in the stabler society of Germany was indeed 
to study the static adult mind. (Wundt wrote: “the whole task of 
psychology can therefore be summed up in these two problems: 
(1) What are the elements of consciousness? (2) What combina­
tion do these elements undergo and what laws govern these com­
binations? ’) This was backed — as philosophical pragmatism in 
America backed the move to functionalism, behaviourism, and de­
velopmental and social psychology - by a phenomenological phil­
osophical tradition which lent itself well to the methodological 
and contentual subjectivism that flourished steadily in Germany. 
Although there were exceptions on both sides (e.g., Buhler at 
Wurzburg, working on developmental problems, and Titchener at 
Cornell, keeping structuralism thriving), the simplifying ‘is/is-for’ 
distinction remains helpful.

The wars naturally exaggerated the splits. Weimer (1974) notes 
that Wundt was known as a staunch German patriot, which made 
American psychologists anxious to distance themselves from his 
tutelage — and which helps explain the embracing of behaviour­
ism, that least-German of all methodologies. Emigres were of 
course welcomed; so the Gestalt school, fleeing Naziism, became 
strongly entrenched in the US. However fewer members of the im­
portant Leipzig ‘Ganzheit’, ‘holistic psychology’ school (repre­
sented by Krueger, Sander, and Volkelt) emigrated; and their 
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work challenged much of Gestalt theory. Thus they were barely 
translated or known in the US — and receive only scant mention in 
American histories of psychology. Buhler was close to the Ganz- 
heit school in his theoretical orientation, and, despite the interest 
his work should have held for developmental psychologists in the 
US, when he eventually fled there he was able to get a place only 
at a very obscure college. Perhaps he should not, in 1930 before he 
had to leave Germany, have refused Boring’s offer of a job at Har­
vard: he is almost written out of Borings history, arguably the 
most authoritative history we have.7

2. Fragmentation
Such schisms, between countries and between university depart­
ments in those countries, fomented the fragmentation of the dis­
cipline which we inherit today. Cross-fertilization came mainly 
from the physical movement of scholars (especially with the dia­
spora of German scholars in the war period); there was little fruit­
ful ‘internal’ theoretical discussion between the various schools. 
The science, “unique in the extent to which its institutionalization 
preceded its content and its methods preceded its problems 
(Koch Op. cit., p. 15) has always lacked agreement about its sub­
ject matter, conceptual apparatus, and what count as ‘critical ex­
periments’. Consider the difference in theoretical constructs in its 
early days:

... we have the voluntaristic system of Wundt with its emphasis on will, the act psychol­
ogy of Brentano stressing the basic importance of the intentionalism of psychical acts, 
the structuralistic psychology of Titchener glorifying sensation as the key to mental life, 
the psychoanalytic psychology of Freud elevating the unconscious wish to similar status, 
the hormic psychology of McDougall organized around the concept of instinct or innate 
propensity, the behaviouristic system of Watson with its focus on reflexes and condition­
ing, and still other systems based upon such varied central ideas as that of the principle 
of association or the concept of self or the notion of a Gestalt. (Klein 1970, p. 222 f.)

Indeed, even when the various schools seemed to be working with­
in the same research tradition, with similar constructs, appearances 
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often deceived. The anomaly of the question of imageless thought 
split Leipzig/Comell and Wurzburg; both schools employed intro­
spection, but had different techniques — so whereas Wurzburg nev­
er found images for thought, Cornell did. Analogously, Wundt’s 
school confirmed his tridimensional theory of feeling, other 
schools did not. Furthermore, theories determine the domain of 
research; so Wundt assigned to his ‘Volkerpsychologie’ the higher 
cognitive processes, because they resisted the introspective meth­
od; more dramatically, Watsonian behaviourism excluded the men­
tal altogether.

Thus in the astonishingly fertile period between 1900 and 1914, 
the main schools were unintegrated and mutually isolated. Yet 
those years were fruitful indeed. Gestalt, Wundtian structuralism, 
and the Wurzburg school were energetically thriving in Germany. 
Titchener kept structuralism a force to be reckoned with in the 
US, and functionalism in America had not yet been overtaken by 
behaviourism, which was starting on its meteoric path; there, too, 
the first textbook of social psychology was published, and re­
search into individual differences was also getting under way. Else­
where: Binet had invented psychological testing, Freud was pub­
lishing the first formulations of psychoanalysis, and Pavlov had 
discovered the conditioned reflex. Yet, as Warren (1971) notes, 
the only well-documented important cross-fertilization was the 
impact of Pavlov on behaviourism. And even then, as he and 
MacKenzie (Op. cit.) both argue, Watson adopted the conditioned 
reflex without study of Pavlovian theory. To the behaviourists 
- and Watson discovered the conditioned reflex belatedly (not 
until 1916) - it was just an objective method for studying be­
haviour: used piecemeal, and unrelated to specific problems or to 
any theoretical framework. Indeed, it was rash of Watson in 1916 
to promote tlie method of conditioning so wholeheartedly, for by 
then it had received no empirical support except by Russian sci­
entists, whose publications were inaccessible to Watson.
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But Watson never minded criticism, because he completely ig­
nored it. Titchener literally annihilated him in a devastating ar­
ticle written in 1914;8 there is no evidence that any behaviourist 
bothered to read it. However, such neglect of argument and the­
oretical sophistication restricted the spread of behaviourism. None 
of the German emigres of the late thirties had been converted to 
behaviourism, but were found still to be working in Gestalt theory, 
field theory, or psychodynamics. This is unsurprising - the Gestalt 
school had independently produced its own infinitely more com­
pelling and penetrating attack on analytical introspectionism (Wat­
son had just junked it), and the atheoretical nature of the school 
would have been anathema to the Germans. British psychologists, 
too, although less committed to theory than their German coun­
terparts, were unimpressed by Watson when he came to lecture in 
1920. Behaviourism remained an American peculiarity for a long 
time.

All in all, the fragmentation between countries and schools 
worked to preclude the sort of creative internal interaction for 
which we hope when examining the growth of a science.

Matters have not improved much since. There is the same tend­
ency to focus on specific problems which one’s theory decrees to 
be the important ones, and the varieties of theoretical orientation 
make inter-school debate virtually impossible. The new behaviour­
ists continue to ignore criticism as light-heartedly as did Watson. 
Skinner, when asked about Chomsky’s merciless criticism of Ver­
bal Behavior (a review which he did not read for ten years, and 
then only because his students told him he should) and of Beyond 
Freedom and Dignity (which he has not read) remarked: “Well, 
if he’s right, I’m wrong, and if I’m right, he’s wrong, but I can view 
that with equanimity. It seems he can’t” (Cohen 1977, p. 281). 
Such equanimity, though, is hard to distinguish from refusal to 
debate.

That is a dramatic schism. More generally, Hudson remarks of 
psychologists:
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... they often aren’t (involved in the same discipline]. The latent metaphorical systems 
are different, the language is different, all the assumptions are different, and what counts 
as a decent piece of research is different ... And, certainly, they don’t have the same con­
ceptual apparatus - they don’t use the same system of ideas. (Ibid., p. 168.)

IV. APPLICATION

We expect the sciences to get behind and beyond the deliverances 
of common sense, enabling us to do more than lay wisdom allows. 
Thus, meteorology provides a more accurate forecast than can 
‘Red sky at night ...’ rules of thumb, even for the experienced sail­
or; and biology and botany have transformed farming. We need 
not rehearse applications of the physical sciences. Not unnaturally, 
the same has been demanded of psychology, only with greater in­
tensity; for whereas only a few of us, most of the time, need ac­
curate weather forecasts, all of us have to deal with other people 
daily. It is not prima facie unreasonable to ask a scientific psy­
chology to assist us with such pressing questions as education, 
motivation, achievement, aggression, mental health, crime, penal 
reform, policing policies, marriage counselling, racism, or unem­
ployment.

The pragmatic tenor of the American Zeitgeist fostered from 
the start in the US theories that seemed to have direct relevance to 
human and social problems. Part of the attraction of behaviourism 
was its manifest ease of application — indeed, Watson was himself 
one of the first to benefit, when he had to leave academic life and 
take to advertizing.9 But early on, in America, psychologists of all 
schools were invited by business and industry to advise on adver­
tizing, consumer reaction, personnel management, management 
consultancy, and the like.

This demand for applicability led to psychology finally getting 
institutional recognition and respectability in Britain, and (in 
1941) an independent programme in German universities: when 
the war effort required psychologists. They were needed, as we
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have seen, to help design user-friendly servomechanistic devices; 
but also to study problems of behaviour under stress, achievement 
motivation, leadership selection, small-group interaction, propa­
ganda and morale, ‘national character , etc. After the war came 
more problems, with the displaced, fugitives, camp survivors, trau­
matized or shocked or brain-injured soldiers, the bereaved and 
orphaned, all needing attention or treatment, and thousands of 
discharged soldiers wanting career guidance. Since applied psy­
chology presupposes theory to apply, departments of psychology 
sprang up or expanded, and joined the mainstream of academic 
life.

The pressure has since intensified tenfold. Increasing numbers 
of students enroll in university psychology courses, often with ex­
pectations that are harshly disrupted when, if the department 
takes seriously the adjective ‘Experimental’ before the magnet 
term ‘Psychology’, they find themselves studying the Norway rat. 
Disenchantment with the Norway rat has encouraged the mush­
rooming of bastard offshoots like ‘humanistic psychology’, ‘en­
counter groups’, ‘sensitivity groups’, ‘Be-Ins’ (sic), and the like. 
The sale of popularizing magazines has boomed. Doctors and 
nurses, lawyers, teachers, architects, policemen, town planners, 
business managers, probation officers, social workers, clergymen, 
speech therapists, personnel managers, communications engineers 
(the list could continue), all ask for a psychology component in 
their training. More than half of all professional psychologists, as 
noted earlier, work in applied fields. Further, the cold war has 
poured even more money into psychology than did the hot war; 
anyone who doubts this should read the incredible story docu­
mented by Schefflin and Opton (1978) of the CIA’s waste of 
dollars in its hunt for techniques of behaviour control, ‘brain­
washing’, conditioning, and ‘truth drugs’, or its research - if the 
dangerous and amateurish bumbling can be so called - into the 
effects of sensory deprivation and of drugs of all kinds.
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Applied psychology in general needs theory to apply. (The qual­
ification ‘in general’ is needed; the techniques of behaviour mod­
ification inspired by behaviourism are often more efficacious than 
the merits of classical behaviourism would suggest.) But there is 
little or no theory to apply — least of all in social psychology, 
where the pressure is most strongly felt. So we find the expensive 
and ludicrous swings of fashion from one to another school of 
thought in child rearing, education, penology, policing, housing, 
and the care of the maladjusted or depressed — again the list could 
continue. This is not just a philosopher’s sneer about another dis­
cipline; cf. Liam Hudson:

The discipline’s health is suspect ... it has failed to produce a coherent body of scientific 
law; and its fruits, unmistakably, have about them an air of triviality. Attempts to jus­
tify psychological research in terms of its social utility at present lead inexorably to 
bathos. There is little we have produced in the last fifty years that is, in any sense of that 
complex word, ‘relevant’. (Hudson 1972, p. 40 f.)

Apparent applicability, though, militates against the development 
and assessment of theory. This is — as usual! — easiest seen in be­
haviourism. I have noted already that Watson, and Skinner, seem 
untroubled by critical disagreement. Koch, sounding exasperated, 
writes: “In my humble opinion, behaviorism is finished. If there 
is residual motility, it is only that the corpse does not understand 
my arguments” {Op. cit., p. 4). It is more probable, though, that 
the ‘corpse’ is just uninterested in the arguments:

... it’s basically trivial and wouldn’t be taken seriously by anyone if it weren’t for the 
fact that it fills a certain role for those who are accepting the system ... you cannot find 
a substantive thesis that’s even worth discussing, let alone refuting ... the appeal and the 
acceptance has to do with other matters: namely, that the system, though quite vacuous, 
does provide a kind of aura of acceptability for techniques of control and coercion that 
are very naturally sought in situations where people have to be controlled, coerced and 
guided. (Chomsky in Cohen Op. cit., p. 97.)
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It is ‘natural’ to seek scientific assistance for the interpersonal 
problems that surround us; natural again not to inquire too closely 
into the theoretical credentials of the assistance provided. But 
given the fragmentation of the field, the absence of theoretical 
consensus, the lack of anything resembling a Kuhnian paradigm or 
a Lakatosian research programme, only a dedication to extreme in­
strumentalism would allow one to endorse the present state of the 
game. And instrumentalism, whatever its viability in quantum me­
chanics, has yet to be defended with respect to a psychology aim­
ing to be a science.

V. CONCLUSIONS

The applied tail is wagging the theoretical dog. While the field re­
mains so disunited, the demand for ‘relevant’ research militates 
against the pursuit of theory that might foster greater theoretical 
consensus. Moreover, the demand might be mislocated: maybe for 
relevance we should be looking rather to common-sense psychol­
ogy — which, with its thousands of years of development, is in­
finitely more sophisticated, penetrating, and profound in its own 
domain than is the century-old science in its domain. (Proust — or 
Euripides — provide better understanding of ‘the whole man’ than 
any scientist.)

Newton was happy to describe himself — however inadequate 
we may find the description — as one of those he called the ‘dry 
calculators and drudges’; and he revolutionized the field. Before 
his time the physical world seemed no easier, more organized or 
homogeneous, than does the psychological domain today. The sug­
gestion is not that ‘psychology awaits its Newton’. It is rather that 
psychology needs to return to its original ambition of emulating 
the physical sciences, looking to them particularly for hints about 
winning greater consensus on conceptual apparatus, taxonomies of 
explananda and explanantia, the demands of realism and the pos­
sibilities of instrumentalism, the nature of explanation, the forma­
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tion and assessment of theories. It is surely no accident that the 
real and solid achievements in psychology have largely come from 
physiological psychology, where it is evidently easier to emulate 
Newton’s dry drudgery. Pure, rather than applied, psychology is 
what we need today, and that requires ‘external’ influences from 
the established natural sciences, not the fragmenting pressures of 
school rivalries and social demands.10

St. Hilda’s College, Oxford

NOTES

1 See H. James (1920), p. 263.
2 Ben-David and Collins (1966). I am grateful to David Bloor for this reference.
3 See Woodworth (1931), p. 97. This reference is owed to MacKenzie, Op. cit.
4 It should be noted that there was a mutual influence between behaviourism and the 
Vienna Circle. See Bergmann (1954).
5 Later again the powerful mathematical theory of information was picked up and ex­
ploited; but this too preceded its adoption by psychologists, having been independently 
developed by Shannon in the Bell telephone laboratories in 1949.
6 See, for example, the recent books by van Fraassen (1980), Cartwright (1983), and 
Hacking (1983).
7 It seems to some that little has changed today: “in the United States there is an all too 
common dismissal of work in psychology in other countries as quaint, odd, or irrelevant. 
National differences, negligible in such paradigmatic sciences as physics and chemistry, 
assume great importance in psychology” (Watson Op. cit., p. 15).
8 Titchener (1914). I owe the reference to Weimer and Palermo (1973).
’ There was also a highly laudable product of behaviourism’s flagrant insistence upon its 
applicability. At just the same time as the rise of behaviourism the eugenics movement 
was gaining immense popularity in the US, and this was an extremely dangerous move­
ment: it advocated immigration control and the compulsory repatriation of those from 
‘inferior’ races, and asserted the moral and intellectual superiority of whites. Watson’s 
famous boast that he could take any child, no matter what its racial or social back­
ground, and turn it into anything from a judge to a thief, must have come to many as a 
breath of fresh air and helps account for part of the popularity of behaviourism.
10 I am grateful for the discussion of an earlier version of this paper at the Veszprem 
conference in August 1984, and particularly to the criticisms of David Bloor and Srdjan 
Leias. 1 should comment that at the request of the editors the present paper has to be 
half its intended length; anyone who wishes to sec the fuller arguments in the unexpur­
gated version should write asking for a copy.
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ANNE-MARIE moulin

NORMATIVE AND DESCRIPTIVE ISSUES 
IN THE ANALYSIS OF MEDICAL LANGUAGE

The other day, Robert Cohen recalled sarcastically Pearsons aph­
orism about natural and human laws. The first would be descrip­
tive and the second prescriptive. I should say that scientific laws 
are altogether natural and human in medicine, descriptive and pre­
scriptive; descriptive means are in fact normative: any description 
generally involves the reference to values external to the descrip­
tive framework. My claim is here that these two aspects are never 
so exclusive of each other, and that two ‘styles of thought’, in var­
ious degrees, are most of the time associated. I should add that, 
still more generally, the styles of thought are simultaneously sug­
gestive, on the basis of different conceptual contexts that can be 
successively put forth but are in some way present at the same 
time. The shift of viewpoint is therefore never such a revolution­
ary one, never an absolute breakthrough, it is only a different way 
of focussing some aspects of phenomena. I am not advocating am­
biguity but complexity of meanings. If description must be ‘thick 
(in the sense Y. Elkana used the term), it is surely interwoven with 
non-descriptive elements, namely values.

I shall try to analyze here an example drawn from the field in 
which I am currently working, history of medicine and more es­
pecially the history of medical immunology. It has been a big de­
bate for philosophers of science to know whether medical con­
cepts were descriptive or normative. Mere descriptivism was at a 
loss to explain the phenomenon of disease, and reference to values 
was, on the other hand, cumbersome and often confusing. That is 
why such themes as disease, illness and sickness have been recently 
nicely differentiated to offer different criteria and a wide spec-
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trum of denominations to describe and investigate various classes 
of pathological phenomena.

One alternative was to distinguish the biological as the descrip­
tive, the medical as the normative (and secondarily prescriptive). 
Blood circulation is a biological phenomenon when it refers to 
blood pressure, myocardial irrigation, nodal tissue activation and 
so on. It is a medical phenomenon if it is connected with boundary 
limits such as running, climbing stairs, coping with stress, and so 
on, when it is connected with having or not having pain in the 
chest, dysponea, etc. This is very close to opposing biological and 
clinical languages. But this distinction is easily blurred. Clinical 
language always refers to what we know or think about coronary 
circulation, or about hemodynamics understood through cardiac 
catheterization, and many other items. It appears to be more real­
istic to consider that several languages always coexist, where de­
scriptive and evaluative elements are intertwined. (I prefer to avoid 
the term ‘level’ which provides too much laxity and tears apart 
what should remain united.) These languages are located along a 
continuous line, an imaginary line of course, between two poles, 
perception and action. At one end, an ideal language would de­
scribe the human body as a coherent system of actions and reac­
tions, possibly in mechanistic terms, all elements of which would 
be described with the minimum cost of primary laws and defini­
tions. At the opposite end, another language would focus on the 
inadequacies and defects, even the ‘holes’ of the system, to know 
how to improve or induce health. The second language would be 
exquisitely sensitive to the shifts of meaning and redundancies in 
the system, which elude the first approach.

That nexus of both languages explains why many scientists take 
- for various reasons - different meanings for the same words for 
granted, or reuse old concepts with fresh definitions. Words are 
trapped in numerous and various conceptual networks. But how 
can we define the alarm rates and the critical levels? Now my ex­
ample.
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FROM ONE SYSTEM TO ANOTHER

Bacteriology supplied medicine, at the end of the 19th century, 
with the triumphant model of the theory of germ disease. The 
model held very strongly for three generations and was the leading 
one for investigations in medicine until the Second World War. Im­
munology has now succeeded and sometimes superseded bacteriol­
ogy as one of the main biological trends in medical research ac­
cording to several criteria like money invested in grants, number of 
people working in the field, and so on. What does all this mean.

Bacteriology first emphasized the importance of bacteria as 
the cause of disease. Immunology actually emphasizes the opposite 
view that a failure of the organism is always at the root of disease 
Nevertheless it is obvious that bacteriological and immunological 
knowledge coexisted in some obscure way and that phenomena 
acknowledged as bacteriological (bacterial agglutination for in­
stance bacteria versus antibody) might have been labelled im­
munological as well (antibody against bacteria)’ It does not mean 
that things have evolved, only the values available for their de­
scription have changed. (It is exactly the same if angina pectoris is 
viewed from the viewpoint of human comfort.)

When bacteriology began, it seemed as if any disease could be 
soon explained in terms of bacteria, inside the framework of the 
so-called Koch postulates. It was a time where clinical medicine 
and laboratory knowledge came to a crossroads and struggled to­
gether for supremacy over medical language. By the end of the 
19th century clinical medicine had begun to exhaust its resources 
and it was the turn of the lab to suggest novelties to improve diag­
nosis and prognosis. Still it supposed that laboratory language was 
adequate to describe new pathological phenomena viewed in a new 
way. Clinical medicine had once overcome numerous drawbacks, 
and physicians had progressively accustomed themselves to de­
scriptions of disease founded broadly on functional symptoms and 
anatomopathological data that allowed checking on the former.
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Accordingly, laboratory work suggested a new language. First it 
suggested a shift of size. Important events took place on the slide, 
in a two-dimensional space and on a microscopic scale, and no 
longer in the three-dimensional body. The crucial question was: 
was anything liable to be translated into the new language? Some 
disorders seemed to be easily amenable. Intra-vascular thrombosis 
was due to blood cell agglutination, for instance. But it was hardly 
a specific statement. Many doubts remained as to the adequacy of 
the new language and delayed the widespread use of such neolo­
gisms. What exactly did bacterial serology mean? Which reality do 
these aggregates of bacteria indicate? Does it trivially mean that 
people are sick, which is a truism? Or does it mean something more 
specific, that it is a type of disease that might have escaped the 
most clever physician had he lacked laboratory tools? Does it 
mean more, that medicine is victoriously waging war on bacteria? 
Or is it of no consequence for the issue of the conflict? What 
about serology positive non-sick people (‘healthy carriers’)? What 
about long-lasting positive serologies long after recovery?

The big success of bacteriology seems to be due to the substitu­
tion of a dry description of a causal mechanism, bacterial damage, 
for an everflowing description of symptoms. But this new de­
scriptive language, however fascinating it might be, was in fact full 
of obscurities and misunderstandings.

The choice ot bacteria as the main agent of disease was widely 
inspired by the fact that bacterial cultures were currently available 
and therefore liable to be modified through the action of many re­
agents, most of all chemical agents. The advent of vaccination, 
from this viewpoint, was important in concentrating on bacteria 
and the modified strain, and not on the host’s reactions (clearly 
non-descriptive reasons). The immunological point of view did not 
prevail because emphasizing the importance of the host’s reactions 
was to emphasize the variability of reactions (i.e. idiosyncrasy), 
something it was utterly impossible to control. An immunological 
interpretation would have impaired the programmatic value of 
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bacteriological language and made unlikely the presupposed effi­
ciency of therapeutic procedures like serotherapy. A descriptive 
system can only hold on if it has some ‘positive’ values, if it in­
volves pleasant expectations. Immunology has become more im­
portant now that the host himself is considered as potentially 
transformable. Bacteriology once monopolized all the possibilities 
of systematization in the system of medical knowledge. Immu­
nology is now competing. But in so doing, it takes advantage of 
concepts and denominations which early biologists would have 
rejected.

The switch was a switch of functions. As in a kaleidoscope, 
some aspects were stressed that had previously been forgotten, but 
had all the same been parts of the whole. Rationality switched to 
new trends and functions.

THE EXAMPLE OF RECEPTORS

From this point of view, reductionism is never so integral as it 
claims to be. A fair example is the notion of receptor that was 
used by the biologist Paul Ehrlich in a strong reductionist way. 
Ehrlich’s theory was the following. All cells are endowed with 
receptors still called lateral chains (German Seiteketten) and these 
chains are able to fix specifically food, drugs, poisons and all kinds 
of metabolic products. On first analysis, it meant that any biolog­
ical phenomena including disease (disfunctions or toxic damage) 
could be explained on the basis of chemical interactions, chemical 
molecules interacting together with the nice precision of Tock and 
key’, a metaphor by the way that is still flourishing in biology. It 
meant that receptors could act with the exquisite specificity of 
chemical molecules (base plus acid, salt plus acid ...). This type of 
approach was at the same time goal-oriented, since it could justify 
the mode of action of experimental drugs in the treatment of dis­
eases.
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Paul Ehrlich himself called attention to some other meanings far 
exceeding the strictly reductionist one. He admitted that he did 
not know exactly how many receptors there were on the cell wall, 
what they were and where they were. He nevertheless urged the 
necessity of establishing the repertoire of receptors, without giv­
ing any methodological clue as to the way of proceeding, but in­
sisting that some of these receptors must have the function of con­
necting other receptors and conferring unity on the organism.

Far from attacking him as a reductionist, his adversaries at­
tacked Ehrlich, the father of immunochemistry, on the grounds 
that he forged new receptors when he badly needed them, and 
that these receptors were nothing but pure fiction, as floating and 
immaterial as metaphysical entities. They suggested alternative ap­
proaches like concentrating on physical or biological phenomena, 
approaches which could avail themselves of physical laws con­
cerned with electric charges, the ionic nature of molecules, and so 
on. These laws were supposed to be applicable not only to re­
stricted local phenomena occurring in human or animal bodies, 
but to whole living organisms. It was the time of Loeb’s experi­
ments at the Rockefeller Institute, the study of the experimental 
conditions of cellular life: temperature, salinity, pH and so on. 
That was another sort of reductionism, a physical one, one might 
say, and maybe reductionisms are hierarchically ordered, the phys­
ical one being above the chemical. But that is not my point. I 
should like to indicate that none of these supposed reductionist 
approaches was jusqu’au boutiste, and the physical approach 
leaned on such arguments as the importance of considering the 
whole system, and not particular or local reactions.

My claim now is that no so-called style of thought is exclusive 
of the others. The style of one type of approach is often empha­
sized by means of rhetoric, and for programmatic purposes. This 
would-be descriptive approach is always prescriptive and norma­
tive, due to the fact that any discourse (and especially medical 
discourse) is bound to enunciate clearly what should be done.
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This explains why those categories assumed to be strongly re­
ductionist, like the modem concept of receptor, for instance, are 
nevertheless liable to be used in various contexts. And it is not 
unusual that they are utilized by some authors in a non-reduc- 
tionist way. A fair example is still the concept of receptor. After 
Ehrlich’s death, this concept was sufficiently alive to cope with 
new discoveries about blood groups long before immunochemical 
developments, and helped to establish a futurist classification of 
humans according to serological criteria. Broadly, it provided the 
main outline of the theoretical framework of blood group immu­
nology until the fifties.

In the next decades, receptors, which had just begun to be inter­
preted in the context of the new stereochemistry, were once more 
called to contribute when immunologists, at odds with the too 
numerous cell lines involved in immunity, tried to sketch a global 
picture of what they called the immune system. Receptors, what­
ever their correct chemical denotation might be, were once more 
utilized as an operator of intelligibility, and the more eagerly be­
cause they were supposed to be neutral descriptive categories. The 
‘immune system’ was described as a web of receptors, each of 
them interacting with other receptors endowed with complemen­
tary structures and vice versa. The immune system was described 
as a functional network and this idea afforded the new system 
far-reaching powers of self-regulation and fair adaptation. The 
‘receptor’ idea had been loose enough (or polytypic?) to au­
thorize theoretical leaps, so that a new immunology could emerge, 
without having to dismiss all the old fads — thanks to re-employed 
material. This has something to do with the tricks of architecture 
— using the former builders’ foundation stones — or with the tech­
nology of palimpsest.

In the same vein, it appears to me to be illegitimate to consider 
some sciences, like physiology, to be mostly descriptive, and some, 
like medicine, to be inescapably normative or prescriptive. There 
are no pure descriptive or normative concepts. There are descrip­
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tions oriented towards different values, like well-being in medi­
cine, selective consequences in theories of evolution, and so on. 
The choice of these values orientates the discourse and eventually 
permits some practical applications. One of these values may be 
the importance of understanding phenomena as an integrated 
whole, the ‘holistic’ claim that is never completely put aside, even 
in overtly restricted local research. Referring to these values, some 
fields of course may cross or overlap. This is the case with the re­
cent predominant importance granted to the ‘individual’ in biol­
ogy (leucocyte groups, graft rejection, genetic polymorphism,etc.). 
Biology often meets medicine in this respect, but they do not 
coincide; some of their values coincide, but never all of them. 
There is no full-fledged parallelism either.

The supposedly merely descriptive category drawn from hard 
sciences (e.g. receptor) derives part of its magical power of persua­
sion from the fact that it integrates the explanation in a general 
and more loose-meaning network of concepts. In that meaning, 
such categories can be called historical; they function thanks to 
their historical scientific background. Concepts not only designate 
things which they stand for, but involve the whole scientific field 
of which they are a part.

This ‘effect of complementarity’ explains that the same scientist 
can be applauded as a rigorous scholar and deprecated as a quack 
at the same time. There are numerous scientists with regard to 
whom contemporaries were hard put to decide whether they were 
geniuses or fools. And possibly they were both. I do not intend to 
give a genuine detailed case study here, only to suggest that any 
number of case studies, if carefully and thoroughly investigated, 
would reveal a jumble of meanings.
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LATENCY AND POTENTIALITIES

To put to rest the claim that the reductionist style is a thoroughly 
coherent and progressive one, I should add, as a conclusion, that 
science has daily something to do with reductionist terms that 
were first programmatic terms and have become secondarily ma­
terialized. A well-known example is the gene, whose material 
nature was denied long before the discovery of chromosomes and 
nuclear acids. Antibodies are another example: their nature was 
debated for two generations, until it was finally proved that they 
were gamma-globulins. Materialization deprives these terms of a 
part of their potential meaning. Some prominent functions have, 
thus, to be attached to other terms whose boundaries are not so 
strict, ones that offer new opportunities for understanding regula­
tions and overall anomalies. In close proximity to the honourable 
terms dignified by a long development, we find some badly de­
termined entities characterized by suffixes: ‘-ioid’, ‘-like’, or 
prefixes such as ‘pseudo-’: pseudo-genes, immunoglobulin-like... 
Functions are as important as substances. To get back to my for­
mer example, the idea (by no means experimental) of the immune 
system was put forth only when immunochemistry was far ad­
vanced, when many immunological substances had been chemi­
cally identified, so that one could fear that the whole field was 
crowded with compact material things hindering any new insight 
into phenomena. In fact, there followed an outburst of theoretical 
views and general models.

Does all this suggest a kaleidoscopic image of scientific develop­
ment? To do so would be to confer too much dignity to the Ge­
stalt paradigm. But the kaleidoscopic comparison suggests more 
than the Kuhnian shift to a new vision. It suggests the importance 
of the latent meanings and potentialities of a system, these latent 
meanings interacting with the manifest. How can one scientific 
worker shift from one picture to another? This matter is crucial to 
understanding and improving the shortcomings of experimental re­
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search. The main drawback in contemporary biology is repetition 
and dull reproduction. The social control, the budget lines that are 
so often mentioned lead to the adoption of a strategy of experi­
ments that are carefully planned and should obtain expected and 
clear-cut results, in conformity with the programme of grant ap­
plications. One of the major difficulties lies in planning exciting 
experiments for which the findings are altogether unexpected and 
promising. There is a risk, on the other hand that, if an experiment 
is interesting, it is often not immediately reproducible.

This is why styles of thought, if they were absolute, would be 
redundant. What once made them successful would make them 
faulty. But history is there to show that there never was such ab­
solutism, and epistemology confirms it.

C.N.R.S., Paris
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SCIENTIFIC CHANGE, RATIONALITY, 
INCOMMENSURABILITY





CRAIG DILWORTH

THE GESTALT MODEL 
OF SCIENTIFIC PROGRESS

The Gestalt Model takes its beginning from the idea that scientific 
theories are not entities which are either true or false — entities in­
tended to provide us with knowledge about reality — but that they 
are conceptual schemes or frameworks which are more or less ap­
plicable, and which are intended rather to provide us with an un­
derstanding of reality. On this view, theories are to constitute a 
background against which one can make sense of the world, and 
are not simply to provide factual claims describing a world which 
we take in all essential respects to be unproblematic.

The basic structure of this conception of science - the Perspec- 
tivist conception - was in fact formed independently of the Ge­
stalt Model. On the Perspectivist view theories are conceived to be 
conceptual perspectives, which are analyzable in terms of five fun­
damental notions. These are: (i) intended domain, (ii) logical si­
multaneity, (iii) perspectival incompatibility, (iv) sameness of cat­
egory, and (v) relative acceptability. Thus, in terms of these no­
tions, conceptual perspectives are to be such that, when they in­
volve differing predicates from the same category, they cannot be 
applied logically simultaneously to the same intended domain 
without conflict ensuing. When this occurs, it is also to be in cer­
tain cases possible to obtain evidence for judging which of the 
perspectives is in fact better applicable to their common domain. 
Thus this conception is intended not only to provide an account 
of theory conflict, but, among other things, also to afford an in­
terpretation of Kuhn’s and Feyerabend’s notions of incommen­
surability (here: difference of perspective) which explicitly avoids 
the relativism to which many believed their views to lead.
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The role of the Gestalt Model has been to introduce the Per­
spectivist conception in such a way as to provide it with an intui­
tive basis. Gestalt switch phenomena are particularly suitable for 
this task, for they exhibit features corresponding to all of the basic 
notions in the Perspectivist view of theories. At the same time 
however, they are disanalogous in certain respects, most particular­
ly in their being perceptual psychological phenomena, where sci­
entific theories seen as conceptual perspectives are not ways of 
perceiving, and involve psychological states only incidentally. Al­
so, in being relatively simple, Gestalt phenomena do not afford the 
possibilities for elaboration that are available once one moves over 
to the more abstract core of the Perspectivist view.

In the above duck-rabbit figure, which has earlier functioned 
as the Gestalt Model (cf. Dilworth 1978 and 1981), the basic no­
tions of the Perspectivist conception are reflected as follows. The 
notion of distinct conceptual perspectives having the same in­
tended domain is manifest in the idea of there being a duck con­
cept and a rabbit concept each of which is to apply to one and the 
same duck—rabbit figure. Logical simultaneity is captured in the 
fact that both concepts cannot be applied at the same time by the 
same person; and this incompatibility is in turn the counterpart of 
the perspectival incompatibility of conflicting scientific theories 
seen as conceptual perspectives. It may be seen that such incom­
patibility would not arise here were one to consider applying, say, 
the concepts ‘duck’ and ‘red’ to the figure, but requires that the 
concepts applied be similar in an important respect. This may be 
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expressed by saying that, in order for conflict to ensue, the con­
cepts involved must be of the same category. And finally, it is 
meaningful to speak of either the duck or rabbit concept as being 
the better applicable to the figure, in which case e.g. the notch on 
the figure’s right-hand side might constitute a decisive factor in 
favour of the better applicability of the rabbit concept (in which 
the notch represents the rabbit’s mouth). We might then say that 
the relative acceptability of the rabbit concept is greater than that 
of the duck concept, and that its adoption would constitute an in­
stance of epistemological progress.

It should perhaps be noted that the above presentation of the 
Gestalt Model is not intended to afford an explanation of Gestalt 
switch phenomena themselves, but to introduce certain notions 
which are subsequently to be employed in an explanation of the­
ory change in science. Thus, for example, when two Gestalt con­
cepts are suggested to be of the same category, the term ‘category’ 
is only being used for lack of a better word, and no claim is being 
made as to whether our inability to see the figure under both as­
pects simultaneously is a matter of conceptual necessity or of 
mere psychological fact.

An important aspect of the model, which has not been empha­
sized before, is the way in which it allows us to conceive of two 
fundamentally disparate concepts’ having one and the same do­
main of application. On extensionalist views, such as those which 
take their basis either in first-order logic or intuitive set theory, 
there is no natural way of conceiving how different predicates or 
concepts from the same category might have the same referent or 
intended domain. In the case of approaches based on first-order 
logic, this contributes to what has been called the problem of 
meaning Variance; and in the case of intuitive set theory, it leads 
directly to the problem of delineating the intended domain. 
(These specific issues are discussed in some detail in Dilworth 
1981 and 1982, respectively.) These problems, which are really 
different manifestations of the same problem, ultimately lead to 
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relativism, for if conceptually disparate theories have different 
domains of application, it makes little sense to try to compare 
them to see which is the superior.

In the present approach, on the other hand, the idea of there 
being a shared intended domain plays an integral role. With the aid 
of the Gestalt Model, a natural means is provided for conceiving 
how two conceptually distinct theories, which might well involve 
the same terms with different meanings, can nevertheless be ap­
plied to one and the same state of affairs. In this way it becomes 
meaningful to speak of the comparison of such theories as regards 
how well they respectively take account of their common domain. 
Relativism can then be avoided in principle through the positing of 
a rational process of adjudication; and the subsequent transition 
from one theory to its successor as a consequence of such a pro­
cess may be viewed as constituting an instance of scientific pro­
gress.

While the Gestalt Model is thus capable of providing an intuitive 
understanding of such fundamental notions of the Perspectivist 
conception as ‘intended domain’, the further development of the 
Perspectivist view has gone beyond what can be directly repre­
sented by the model. Where the different ‘perspectives’ in the 
Gestalt switch case involve relatively simple concepts like ‘duck’ 
and ‘rabbit’, in the case of scientific theories what are involved are 
rather idealized models. The relation between such models, in ap­
plication, should thus be characterizable in terms of the five basic 
notions introduced via the Gestalt Model. But in being more com­
plex, conceptual perspectives conceived as applied idealized mod­
els, allow of an elaboration of the Perspectivist view which goes 
beyond the simpler case.

A first step in such an elaboration consists in conceiving of the 
‘categories’ manifest in the Gestalt Model as being quantifiable 
- that is, as being parameters. By seeing them in this way, one can 
retain the structure of the simpler case, and at the same time both 
speak of measurements as playing a role in determining the appli­
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cability of the perspective(s) in question, and describe perspectives 
themselves partly in terms of mathematical equations. This latter 
move allows one then to go on to depict the relation between cer­
tain perspectives as being that of reduction in the case where the 
equations of one perspective give results identical to those of 
another when certain parameters occurring in the former are given 
limiting values.

Due to the fact that this elaboration does seem to go beyond 
what can be characterized in terms of the Gestalt Model, and in or­
der to show how the whole of the Perspectivist view developed 
thus far was to apply to actual science, it was presented in Scien­
tific Progress in the context of a case study. The case chosen was 
from the kinetic theory of gases, and involved the application of 
the ideal gas model and van der Waals’s model to the gas laws.

As should be clear from the above, what was intended here was 
not that features of Gestalt switch phenomena should manifest 
themselves in the example but that all of the hitherto developed 
notions of the Perspectivist view be applicable to it. As it turns 
out, however, some Gestalt features — mainly of a psychological 
nature — which are not connected to the basis of the Perspectivist 
view are in fact in keeping with what transpires in certain scientific 
cases. Such features are often linked to psychological and sociolog­
ical aspects of science, such as the ability of an individual scientist 
mentally to switch back and forth between competing theories, 
and the role of argumentation in theory change, as will be treated 
below. But the investigation of the extent to which such features 
of science can be captured on the Gestalt Model lies outside the 
‘intended domain’ of the Perspectivist view, and does not directly 
affect it.

What does affect the Perspectivist view here, however, is wheth­
er its basic notions are in fact applicable to the example. In this 
regard, it has been suggested by others that there is no conflict in 
the simultaneous application of the ideal gas model and that of 
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van der Waals, and that as a consequence the notion of perspec- 
tival incompatibility is not applicable to this case.

It seems that the motivation for this suggestion lies in the fact 
that van der Waals’s model is developed from the ideal gas model, 
and both models characterize gases in essentially the same way, 
namely, as consisting of multitudes of tiny particles in rapid mo­
tion. But a closer look at the characterizations of the two models 
reveals that they in fact exclude one another. On the ideal gas 
model the particles or molecules are taken to have zero volume, 
while on van der Waals’s model they have some positive volume (to 
account for the resultant volume of the liquid when the gas under­
goes a change of state). Also, where in the case of the ideal gas 
model there are no attractive forces operating between the mole­
cules, in the van der Waals case there is such a force, which binds 
the molecules together when they pass sufficiently close to one 
another at a sufficiently low speed. The effect of either of these 
two differences of characterization is that one cannot apply both 
models simultaneously to the same gas — one cannot depict one 
and the same gas as consisting of molecules which both do and do 
not have negligible volume, or which both do and do not experi­
ence an attractive force with respect to one another. In other 
words, the two models, in application, are perspectivally incompa­
tible.

It is important in considering the Perspectivist conception to 
distinguish this sort of incompatibility - perspectival incompatibi­
lity - from the incompatibility of the results which may be sug­
gested by competing perspectives. In the context of the Perspec­
tivist view, it is in principle possible for conceptually distinct the­
ories to be perspectivally incompatible while suggesting precisely 
the same results, though this sate of affairs seldom obtains in ac­
tual science.

In the case of the ideal gas model and that of van der Waals, 
both sorts of incompatibility are manifest. Not only are these 
models perspectivally incompatible in application, due to the dif­
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ferent ways in which they characterize gases themselves, but they 
are also incompatible as regards the experimental results they re­
spectively suggest. According to the ideal gas model, gases should 
obey Boyle’s law; according to van der Waals’s model, they should 
obey van der Waals’s law. And both laws, though approximately 
similar, cannot be correct of the same gases.

These two sorts of incompatibility are both reflected in the 
Gestalt Model, the latter coming under the notion of relative ac­
ceptability. On the model as it has been presented in earlier work, 
the relative acceptability of competing perspectives may be judged 
in terms of their relative scope, accuracy and simplicity.

The scope of a perspective consists of those states of affairs to 
which it more or less applies. This may be understood in the con­
text of the duck-rabbit by imagining the drawing to be one of a 
whole body which, let us say, clearly resembles a duck more than 
a rabbit. In this case we should consider the scope of the duck 
concept to be greater than that of the rabbit concept, for it can 
account for the whole of the larger figure, whereas the rabbit con­
cept only has application to the figure’s head. More complicated 
examples can also be imagined where, e.g., what are first seen as 
two distinct figures merge into one. (This example, and its con­
verse, were suggested in correspondence by Dr. H. Brown.) In such 
a case we could say that the scope of the concept applied to the 
larger figure is broader than the scopes of the concepts applied to 
its parts.

In the context of the kinetic theory, the scope of the ideal gas 
model includes the behaviour of gases at non-critical pressures and 
temperatures. The scope of van der Waals’s model, on the other 
hand, is broader. Not only does it apply to those states of affairs 
to which the ideal gas model is more or less applicable, but it can 
also be used to account for gases’ undergoing changes of state, 
which lies quite beyond what is possible on the ideal gas model.

Accuracy is similar to scope, and in certain cases the difference 
between them may be a matter of degree. Since a perspective need 
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not apply exactly to a state of affairs in order for that state of af­
fairs to fall within its scope, two perspectives may have the same 
scope in spite of their differing in their characterizations of the 
outcomes of identical operations. This would provide a clear in­
stance of the second sort of incompatibility treated above, that is, 
incompatibility of results. This is reflected in the Gestalt Model by 
the notch in the duck—rabbit being a ‘result’ of the rabbit concept 
but not of the duck concept. Though both concepts are roughly 
applicable to the whole of the duck—rabbit, for the sake of illus­
tration we might say that the rabbit concept is nevertheless the 
more accurate.

This notion too is applicable to the kinetic theory case. We may 
say that van der Waals’s model, in application, is more accurate 
than the ideal gas model in those situations falling under the 
scopes of both of them. Not only does van der Waals’s model have 
the broader scope, but it suggests more accurate results than does 
the ideal gas model when applied to gases at non-critical pressures 
and temperatures.

The notion of simplicity can be captured on the Gestalt Model 
by considering the supporter of the duck concept as claiming, in 
order to save appearances on his view, that the duck-rabbit figure 
is nevertheless that of a duck — one which has been struck in the 
back of the head! In these circumstances we should say that the 
rabbit concept is simpler than the duck concept, in that it does 
not require this sort of sophistication in order to portray the fig­
ure accurately. We note, too, that the duck concept can be made 
just as accurate as the rabbit concept, but only with a concomitant 
loss of simplicity, and that the notion of simplicity presented here 
is to be conceived as varying inversely to ad hocness.

As in the presentation of the main concepts of the Perspectivist 
conception via the Gestalt Model, the intention here has only been 
to give an intuitive idea of the role these notions ultimately are to 
play. In the context of the Perspectivist conception itself, these 
notions may become more refined — ‘accuracy’, for instance, is
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there treated in terms of the measurement of parameters related in 
mathematical equations.

It might also be noted that the notions of scope, accuracy and 
simplicity, even in their more developed form, are by no means in­
tended to provide an algorithm for theory choice. They are in­
tended rather to indicate important criteria in terms of which 
theory choice may be made. Different researchers may give une­
qual weight to these criteria, and it may even be the case that they 
do not agree on how certain of the notions are to be applied in 
certain cases. For example, one researcher may consider a partic­
ular emendation to be clearly ad hoc, while another thinks other­
wise; or one may believe the scope of a theory to be strictly lim­
ited, while the other believes that further research could result in 
its being broadened. In this way, argumentation might arise. But 
the main point being suggested here is that the reasoning behind 
the ultimate choice of a theory, whether or not it involves actual 
argument, may to a large extent be understood in terms of some 
combination of the present notions of relative scope, accuracy and 
simplicity.

The question of argumentation in the case of theory choice is 
closely connected to the distinction drawn here between, on the 
one hand, being able to shift from seeing the Gestalt Model under 
one aspect to seeing it under another, and, on the other hand, 
judging one of the two aspects to afford a better representation of 
the figure itself. Being able to see the two aspects may be likened 
in the case of scientific theories to being able to understand two 
different theories. Though this point is not central to the Perspec- 
tivist view, it may nevertheless be mentioned that once this under­
standing is obtained, a scientist can conceptually move from think­
ing in terms of one of the theories to thinking in terms of the 
other, in a way which is quite analogous to one’s shifting from one 
Gestalt aspect to another. This kind of conceptual shift is not de­
pendent on argumentation. What often may be dependent on argu­
mentation, however, is the judgement as to which of the theories 
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or perspectives is the superior. And this sort of argumentation can 
be represented in the context of the Gestalt Model as involving the 
relative applicability of the different aspects of the Gestalt switch 
figure. Thus the Gestalt Model seen as an analogy in its own right 
actually seems to be better able to handle the issue of argumenta­
tion and theory change than has been thought by some commenta­
tors.

The fact that different researchers may, within the context of 
the Perspectivist view, value the criteria of choice of perspective 
differently is of interest in connection with the distinction be­
tween instrumentalist and realist views of scientific theory. Though 
the intention has been that the Perspectivist conception should be 
capable of embracing both the instrumentalist and realist posi­
tions, some readers have thought the view actually to be implicitly 
instrumentalist, while others have claimed it to be fundamentally 
realist!

If we look at the instrumentalist—realist distinction in relation 
to a choice between two perspectivally incompatible perspectives, 
then the criteria of choice employed by the realist will require his 
considering the extent to which, to the best of his knowledge, the 
respective perspectives depict a physically possible reality. His in­
terest is in having a theory which comes as close as possible to de­
picting what may be a real causal mechanism responsible for the 
laws the theory is thought to explain.

The instrumentalist, on the other hand, feels free to choose 
whichever of the incompatible perspectives that best serves his 
purposes of the moment, which may be, e.g., the prediction of the 
outcome of a particular experiment. Thus, on some one occasion, 
he may choose a perspective which is highly accurate in just that 
area in which he is interested, and ignore another perspective with 
a much wider scope. And where the realist may highly value sim­
plicity as an indicator of the plausibility of a perspective as a can­
didate for depicting the true nature of a certain aspect of reality, 
the instrumentalist might well adopt a theory with ad hoc ele­
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ments, so long as its lack of simplicity does not hinder its func­
tioning as a tool for providing him with the particular information 
he is seeking.

The particle and wave theories of light may be used to illustrate 
certain differences between instrumentalism and realism as seen on 
the Perspectivist view. Each theory is itself a conceptual perspec­
tive sharing with the other an intended domain consisting of cer­
tain light phenomena. Due to their respectively characterizing light 
in contrary ways, the two theories cannot be applied logically si­
multaneously to their common domain — that is, they are perspec- 
tivally incompatible. They are also incompatible as regards the re­
sults they suggest of certain operations, such as those involved in 
the slit-screen experiment and observations of the photo-electric 
effect; however, the relative acceptability of neither theory is 
clearly greater than that of the other.

For the instrumentalist, the fact that the particle and wave the­
ories are perspectivally incompatible is of no great concern. 
Though he cannot employ them simultaneously (cf. the comple­
mentarity principle), he may nevertheless use either of them at 
will, and at any one time may be expected to use the one which is 
e.g. the most accurate with regard to the particular phenomena he 
is investigating. Thus, for example, if his interest is in diffraction 
phenomena, he could be expected to use the wave theory; if it 
is in phenomena involving energy transformation, the particle 
theory.

The realist, on the other hand, is primarily concerned to learn 
about the true nature of light, and thereby be able to explain all 
of the various phenomena associated with it. While he recognizes 
that light manifests itself as though it were both continuous (wave 
theory) and discontinuous (particle theory), he admits that, given 
the fundamental principles in terms of which we conceive of phys­
ical reality, it cannot actually be both. He thus sees the perspec- 
tival incompatibility of the two theories to be highly problematic, 
for it represents what is presently seen as an ontological impossibi­
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lity. However, the fact that neither of the theories has been clearly 
shown to be the more acceptable means that the realist has insuf­
ficient grounds for abandoning either, for the theory abandoned 
might equally well turn out to have an important bearing on what 
the nature of light really is.

The direct application of the Gestalt Model in its present form 
to the wave-particle case might suggest that light itself can be 
both continuous and discontinuous, if these states are taken in 
analogy to those of being a duck aspect and a rabbit aspect of the 
duck—rabbit. The figure may be considered to be, at one and the 
same time, a picture of both a duck and a rabbit, though it does 
not manifest itself as both simultaneously to the person viewing it. 
It would thus be more in keeping with the Perspectivist view to 
take as the model a situation, say, where one sees something which 
looks as though it might be a real duck or rabbit. For the instru­
mentalist then, it may be treated as either, so long as it is in some 
sense useful to do so; while for the realist, more importance is put 
on the unresolved question of whether the entity actually is a 
duck or a rabbit, or perhaps neither.

In the above ways then the Perspectivist view may be seen to 
be in keeping with both the realist and the instrumentalist concep­
tions of scientific theory. And though the primary role of the 
Gestalt Model has been to afford an intuitive introduction to the 
Perspectivist view, in certain situations it may be applied by itself, 
and thereby provide its own insight into a particular aspect of sci­
ence.

Stockholm
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PETER JANICH

TRUTH AS SUCCESS OF ACTION.
THE CONSTRUCTIVE APPROACH IN THE PHILOSOPHY 

OF SCIENCE

Philosophy of science now reveals such a variety of approaches 
that a general judgement on it seems to be impossible. Paul Feyer- 
abend’s maxim ‘anything goes’ - intended to forbid imposing phil­
osophical postulations upon science or scientists - has apparently 
been applied to philosophical work itself. Despite this, I see a de­
ficit in present-day philosophy of science in general, a pragmatic 
deficit for that matter, in a very literal sense. Little attention is 
paid to the fact that doing scientific research is acting purpose­
fully. More specifically, research in physics essentially offers the 
clearcut prototype of purposeful actions, namely the poietic ac­
tions of manufacturing or craftsmanship.

My paper argues against a double ‘descriptivism’ in present-day 
philosophy of science in the following sense. Roughly speaking, it 
is held that philosophy of science describes science, and science 
describes nature; the philosophical description analyzes in what 
sense the scientific description describes nature. I do not, however, 
intend to go into a detailed critique of this double descriptivism, 
rather I am trying to present the main outlines of an alternative 
philosophical approach which, to translate a common German ex­
pression into English, is called ‘constructive philosophy of sci­
ence’, and is sometimes termed ‘constructivism’ by its critics. 
I hope that the positive results of this way of philosophizing will 
reveal deficiencies or even mistakes in the concurring approaches 
and may help to avoid them.
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1. A THEORY OF TRUTH

In the first part of this paper, I intend to sketch the outline of a 
theory of truth which could properly be called a pragmatic or an 
instrumentalist theory of truth. However, these labels are mislead­
ing if they recall the philosophy of American Pragmatism (or the 
Pragmaticism of C. S. Peirce). In order to exclude such connota­
tions, the proposal ought to be regarded in its own right. Begin­
ning with everyday language, we distinguish two forms of knowl­
edge. We know, on the one hand, how things are and, on the other 
hand, how things work (or ought to be done). Knowledge of the 
first form is formulated in statements which describe facts like 
‘this rose is red’ or ‘the woods in Germany are dying’, whereas the 
second form of knowledge consists of abilities, skills, methods or 
strategies.

As I am interested in scientific knowledge, I restrict myself to 
such knowledge as can be represented linguistically. Therefore, we 
have to characterize these two forms of knowledge with respect to 
the sentences which represent them. What is it that distinguishes 
sentences which contain knowledge about the world as it is — so 
to say, in itself and independent of human actions - from sen­
tences which concern ‘know-how’? (For the sake of brevity, let 
me keep to the terms ‘world knowledge’ and ‘know-how’ in the 
following.)

A glance at the linguistic representation of knowledge seems to 
make the difference between ‘world knowledge’ and ‘know-how’ 
disappear because each of these can be regarded as being part of 
the other. On the other hand, know-how can be subsumed under 
world knowledge which then contains human actions: one de­
scribes how one has to act in order to be successful. Or, on the 
other hand, world knowledge can be subsumed under know-how: 
one knows how to describe the world adequately. (A preference 
for one or the other subsumption has a lot to do with personal 
temperament: the rather phlegmatic, passive or fatalist character 
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prefers the view that we have first to know how the world is in 
order to be able to act in it: this is the temperament fitting all 
forms of empiricism and analytic philosophy. The more sanguine, 
active or optimistic character prefers the view that we have first to 
act in order to know — by success or lack of success how the 
world is: this is the temperament adhering to different forms of 
pragmatism, instrumentalism and relativism. Both claim to be ra­
tional and undogmatic.)

But, fortunately, neither is there a problem of the chicken or 
the egg’, nor is it necessary to make a decision on grounds of per­
sonal taste or temperament. For there are at least two clear criteria 
for distinguishing world knowledge and know-how.
(1) Without loss of information, one can linguistically represent 
know-how by descriptive and prescriptive sentences (think of rec­
ipes or of instructions for use). World knowledge, on the other 
hand, can never be packed into the form of instructions.
(2) Any discussion about the truth of a sentence representing 
know-how can logically be traced back in a finite number of steps 
to a sentence the truth of which can definitely be decided by mere 
acting, that is, by a non-linguistic action. In other words, know­
how sentences can be founded in a finite number of steps or argu­
ments without circularities or gaps.

In contrast to this, K. Popper’s so-called Fries trilemma and its 
elaboration towards the Miinchhausen trilemma by Hans Albert 
hold for world-knowledge sentences: any argumentative founda­
tion of a scientific theory ends up either with dogmatism or a logi­
cal circle or infinite regress.

This second difference between world knowledge and know­
how - a conclusive decidability of the truth of sentences - is a 
main motive for constructive philosophy of science and its atti­
tude towards natural science. Roughly speaking, this approach 
consists in the attempt to trace back logically and methodological­
ly ascientific knowledge to elementary actions, that is to say, to 
those manufacturing procedures which bring about the instru­
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ments and laboratory equipment of physics and chemistry and 
which are the prototypes of rational know-how. This rationality 
is the rationality of a successful choice of means for (explicitly 
known) ends.

2. PROTOPHYSICS

In the second part of my paper I try to draw the consequences of 
the above on a foundation of physics.

The tradition of modem philosophy of science urges one to 
think of scientific know-how only with respect to experience. 
Accordingly, experience tells us what actions are successful under 
what conditions. But this is one of the points which reveal the 
pragmatic defect of a descriptivistic philosophy. If scientific 
knowledge as opposed to everyday knowledge is to be based on 
repeatable procedures under reproducible conditions there have to 
be instruments or, in general, some apparatus like measuring tools 
and other laboratory equipment. I first discuss the question of 
which kind of know-how concerns the reproducibility of data 
gained by measurement. As data are supposed to contain ‘empiri­
cal information about objects to be measured, reproducibility is 
not a property of the object which is controlled by a measuring in­
strument but a property of the instrument itself. The so-called ob­
jectivity gained by measurement is nothing but the reproducibility 
of a few relevant properties of measuring tools. Our problem now 
reads: what really does make one measuring tool equal to another 
of the same parameter in such a way that the same object leads to 
the same data when obtained by the two measuring tools? 1 leave 
aside empiristic oddities such as, for instance, the proposal that 
clocks should be controlled by means of other clocks and in the 
hope that those logical circles do not cause any trouble if hidden 
in the cloud of an entire complex theory. The answer to my ques­
tion (What know-how brings about measuring tools as to make 
empirical data possible?) is given by constructive protophysics.
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Protophysics is a non-descriptivistic, or to be more precise, a nor­
mative theory. It consists of systems of norms which prescribe 
properties of measuring instruments as the technical goal of their 
production.

The question as to which goals have to be pursued in order to 
make the relevant properties of measuring tools reproducible is 
again blocked by an empiristic theory. From H. v. Helmholtz till 
R. Carnap and C. G. Hempel, measurements are said to be reduci­
ble to the counting of the units of magnitude measured. Despite 
the practical use of acknowledged definitions of - say - the me­
ter, the second and the kilogram, the reproducibility of units is a 
matter of empirical knowledge on the basis only of already suc­
cessful measurement. The empiristic answer to the question ‘What 
makes measurement possible?’ is therefore circular and epistemo­
logically worthless.

As opposed to this tradition, the normative operational defini­
tions of protophysics are founded in the discovery of the German 
philosopher Hugo Dingier that homogeneous forms are reproduci­
ble without control by measurement. Unfortunately Dingier did 
not succeed in elaborating this programme to an extent which 
could provide success against his empiristic competitors. This has 
been done but by philosophers of the constructivist school.

According to my own work on protophysics a brief sketch of 
this approach runs as follows: I distinguish instructions like ‘Close 
the door!’ or ‘Bring these two bodies into touch!’ from norms like 
‘Produce a homogeneous surface, motion or consistency of a 
body!’ by the criterion that an instruction says what to do, where­
as the norms say what goal to pursue, what state of affairs to real­
ize, nota bene without saying by which means or actions.

Geometry, kinematics and dynamics are regarded as normative 
theories of the measurement of length, duration and mass. In 
contrast to the formalist or axiomaticist view they are not treated 
as formal and axiomatic theories which later are applied by phys­
icists but are built up on the basis of norms prescribing the pro­
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duction of homogeneous forms of space, time and matter, namely 
the forms of flat surfaces, straight edges, rectangular coins, uni­
form motion and uniform density.

These homogeneous forms are reproducible in a methodically 
strict sense, and the reproducibility can even be logically proved. 
As it would require a lot of technical discourse I prefer to illus­
trate this reproducibility in the strict sense by an example: think 
of sets of weights as they are used in pharmacies together with 
symmetric scales. And let us presuppose that the measurement of 
volume is protophysically established - a presupposition which is 
fulfilled in the articles and books by P. Lorenzen, R. Inhetveen 
and myself. Then you can calibrate sets of weights by means of 
measurement of volume (mass-ratio equals ratio of volume of two 
bodies) as long as you know that your weights are made of a 
homogeneous material. This knowledge, however, can be provided 
as basic know-how by the norm to produce a body, any two arbit­
rarily chosen parts of which are undistinguishable on a symmetric 
scale or any other symmetric machine acting on those parts as long 
as they have the same volume. The consequence of reproducibility 
of homogeneous forms of space, time and matter is known to 
everybody: in practice it does not matter whether we use sets of 
weights made of iron, silver, or even different quantities of water. 
The mass-ratio of two bodies of the same homogeneous material 
depends only on the ratio of their volume. By analogy ratios of 
lengths or durations do not depend on the particular yardstick or 
clock in use. In geometry, which is regarded as the theory of length 
measurement, the analogous reproducibility means that any homo­
geneous, that is, even surface, operationally defined as surface, 
two fitting counterparts or plaster casts of which fit each other 
when brought into touch, and any four rectangular coins fit if 
brought in touch at their edges. And protophysical kinematics is 
based on the norm of uniform motion saying that two machines 
are clocks if parts of them (the pointers or hands) move at a con­
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stant ratio of velocities if repeated independent of the starting 
positions of their hands.

The constructive approach of protophysics has been sketched to 
a greater extent in this paper than the rest of scientific know-how 
as it is less well known to the English-speaking scientific commu­
nity. It turns out that the know-how which makes measurement, 
and therefore physics, possible is the art of instrument builders 
theoretically mastered or reconstructed as a system of protophys­
ical norms. Their validity or ‘truth’ lies in their normative charac­
ter and therefore is not empirical or emprically refutable. Of 
course, these norms are not categorical imperatives but relative or 
conditional norms: they are rational relative to the goal of making 
properties of measuring tools reproducible, measurements repeat­
able, and physics empirically controllable. Anyone who does not 
share these goals does not have reason to accept protophysics.

3. EMPIRICAL KNOW-HOW BY EXPERIMENTS

In this third part I intend to show that empirical theories and not 
only pre-empirical knowledge of scientific rank consist of know­
how. In short, any experiment in natural science starts with the 
construction and production of a machine. Every experimenter 
needs to have at least a rough idea or a hope of how that machine 
is supposed to work, otherwise he would be unable to construct it. 
The only aspect of an experiment which provides emprical infor­
mation is whether this machine works or does not work as it is 
supposed to do according to the plans or purposes of its builder. 
In other words, experiments are empirically informative inasmuch 
as they show whether the actions of the experimenter constructing 
the experimental device are successful or not. In both cases, al­
though not to the same extent, the experimenter acquires know­
how.
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In many cases so-called natural laws are immediately repre­
sented by a corresponding experimental machine, e.g. the Atwood 
machine for the Galilean law of free fall or the Cavendish balance 
for the Newtonian gravitational law. In other cases this corres­
pondence is less immediate. But there is no experiment of any im­
portance which does not have a logical connection with at least 
one so-called law, and there is no so-called natural law which has 
no logical connection with at least one experiment. Therefore, any 
so-called natural law is know-how. The truth or validity of this 
law lies in the success of human actions in producing a machine 
representing more or less immediately this law.

4. THE NATURAL PHENOMENA

But one might object: What about the natural phenomena not arti­
ficially reproduced in laboratories; for instance, what about astro­
physics? Here, indeed, things are more complex. But even in case 
of objects not made by man any scientific knowledge turns out to 
be know-how, that is to say does not have any other truth criteria 
than the success of technical measures oriented towards explicitly 
known goals.

First of all, there is no controversy on the point that all of our 
knowledge of natural phenomena is based on observation. Observa­
tions of any importance for science are made by means of instru­
ments. Their technical complexity is varied and ranges from a sim­
ple diopter (as used by Tycho Brahe) to a fully automatized arti­
ficial satellite. Despite these different properties of observational 
tools they do have a methodological property in common: any 
user of an observational instrument must be able to distinguish be­
tween information about an observed object and a mere misfunc­
tion of his instrument. In other words, he has to know how his 
instrument is expected to work. Otherwise he could not, for in­
stance, distinguish between the colour of an object seen through a 
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microscope and a colour caused by a bad system of lenses. Alter­
natively an observer would think he had discovered a new star by 
means of a telescope because he was unable to distinguish a light 
point on the heaven from a light point caused by a reflex of a faul­
ty mirror.

It therefore makes sense to say that observations are actions 
which may or may not succeed. A necessary condition of success 
is the mastering of the instruments in use. An observational instru­
ment is mastered if its effect or performance, e.g. the enlargement 
of a visual field, is known beforehand, regarded as a technical goal 
and reached by technical means - for instance by lense grinding 
and composing lense systems. In short, making successful observa­
tions is know-how, otherwise observations do not provide any em­
pirical information.

Of course, granted the availability of well-functioning instru­
ments for observation on the basis of normative definitions of 
their purpose, there is more empirical knowledge of natural phe­
nomena. Up to now only the repeatability of observations has 
been reached inasmuch as it depends on the instruments in use. 
Furthermore, certain expectations if not conceptual framework 
concerning the observed objects are needed in order to obtain ob­
servational data. To observe something scientifically is always to 
look for something and never a mere passive roaming about with­
out paying any attention to a particular point. It is often said that 
discoveries may be or have been made ‘by chance’ and completely 
surprisingly. This, however, is no objection but a confirmation of 
the thesis that any scientific observation is looking for something 
specific. For first of all, a surprise presupposes attention or a psy­
chical setting of the observer towards some observation other than 
that really made by chance, and secondly, this unexpected obser­
vation is of scientific use only if it can later be repeated or at least 
witnessed or documented (in the case of single singular happen­
ings), that is, if it is repeated under a certain question or with a 
certain attention towards something particular.
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In common terms the observer needs a theory or a model in or­
der to gain observational data at all. My point is that such a theory 
or a model is again knowledge of the know-how type. Both the 
etymology of the word ‘model’ and the cultural history of the 
concept of model starting with Renaissance architecture hint at 
the use of technical or machine models.

It is of no significance for my argument that modern relativistic 
or quantum physics prefers arithmetical models to mechanical 
ones. As long as there is no mastering of a model in the sense that 
any input of observational data into the model does not lead to 
other derived data which can then be looked for by observation 
there is no knowledge of the observed objects.

From this follows that scientific knowledge of natural pheno­
mena consists of a twofold know-how: the know-how to realize 
the function of an instrument for observation, and the know-how 
to construct a model simulating the observed.

4. THE PRAGMATIC CHARACTER OF CONSTRUCTIVISM

Regarding the foregoing topics of protophysics, experiments, nat­
ural laws, and observation of natural phenomena, the claim of con­
structive philosophy of science that it fills a pragmatic deficit in 
other philosophical approaches should have become clear.

There is no quantitative, empirical science possible without the 
use of instruments. Instruments are artificial or, translated from 
the Latin ‘artificium’ to the Greek rex^T? (techn^), technical ob­
jects. This means two sorts of things: first, they are produced by 
man, more precisely they are manufactured or even more strictly 
speaking, they are, when it comes down to it, manually shaped by 
changing naturally found bodies, their properties are results of ac­
tions and their availability is granted by the know-how to con­
struct and build them; secondly, no empirical description of tools 
or instruments can be exhaustive. The functions of instruments are 
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defined by norms which, as technical ends or goals, guide the con­
struction and the use ot these instruments. A full appraisal of sci­
ence and its results therefore is only possible if attention is paid to 
the pragmatic character of tool making towards technical ends. 
The objects of natural science are constructed, not natural, and 
experience takes place only in the form of success of technical ac­
tions (although not every success of actions which is relevant for 
science must cause experience as was explained in the section on 
protophysics).

6. HOW TO LOOK AT THE HISTORY OF SCIENCE AND WHY 
THOMAS S. KUHN IS WRONG

So far four arguments have been put forward:
(1) Know-how as opposed to world knowledge can be represented 
not only in descriptive but also in prescriptive sentences. Know­
how sentences can be judged with respect to their truth or validity 
in a finite number of steps without gaps and circles by reducing 
them to instructions which can be followed in non-linguistic ac­
tions.
(2) Measurements require well-functioning measuring tools. These 
functions can operationally be defined by systems of norms for 
the manufacturing of homogeneous forms of bodies with respect 
to space, time and matter. Those norms prove to be realizable or 
fulfillable by a know-how linguistically given as basic instructions 
to shape, move or mix bodies.
(3) Any laboratory experiment in natural science requires a ma­
chine to be built according to a plan. Whether the machine runs as 
planned or not determines the empirical result of the experiment. 
The repeatable experiment is therefore a kind of successful tech­
nical action, is a know-how.
(4) Non-artificial or so-called natural phenomena are scientifically 
known by way of observation with respect to a theory or a model. 
The so-called description of natural phenomena thus turns out to 
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consist of two different components of technical know-how: first, 
the know-how to produce or use the observational instrument, 
and secondly, the know-how to fit a technically mastered model 
into the observed data.

Taking into account all four arguments, scientific theories — if 
claimed to be empirically controllable in a repeatable and finite 
way — cannot any longer be seen as descriptions of nature in any 
sense. To be sure they have an empirical character with the excep­
tion of their pre-empirical protophysical norms, but this experi­
ence happens as a success of actions which have to be directed 
towards ends known in advance in order to dispose of a criterion 
for success at all. If the empiristic attitude in science stresses the 
character of experience as something which merely happens or 
occurs, then this is only halved rationality: experience always oc­
curs or happens to somebody, and scientific experience in partic­
ular occurs or happens only to somebody who makes tremendous 
efforts, as everybody knows. It is therefore not only appropriate 
but even indispensable to ask about the purposes, about the tech­
nical goals and about the ends of producing scientific experience 
in order to philosophically understand science. Admittedly, in his­
tory some goals have been irrational in the sense that they were 
morally or politically unjustified, and allowing that some means 
to reach the purposes of science have been irrational in the sense 
that they were unsuccessful or erroneous ways of research, I 
would like to stress the fact that technically provoking new experi­
ence by means of machines is the most rational part of our history 
— despite the bright antirationalistic clownery of P. Feyerabend.

The fashionable objections to scientific rationality merely start 
out from the wrong starting-point: as long as one assumes that sci­
ence describes nature or maps nature as a realistic painter does, 
there is no place for cultural or social influence on scientific 
knowledge. On the contrary, as long as one assumes that scientific 
theories have only a social or even institutional basis as musical 
taste has, there is no place for rationality continuing through our 
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history of culture. But there is neither a natural law nor any other 
need forcing us to decide between the alternative either of a cumu­
lative growth of empirical knowledge or of revolutionary changes 
of incommensurable scientific paradigms, as proposed by Kuhn.

Taking into account the pragmatic aspects of acquiring scientific 
experience by means of purposefully produced and used tools, one 
can see that the history of science is a development of ends or pur­
poses and of the means of reaching them. And both, means and 
ends influence each other, that is, reliably available technical 
means often give rise to new ends. However, these interrelations of 
theoretical ends and practical means, of goals ranging from the 
technical use of scientific knowledge to the construction of world 
pictures (Weltbilder) and their technical fulfillment, never lead to 
incommensurability of paradigms, because there is a continuous 
history of technics. From the early craftmanship in antiquity on­
wards to our most modem information technology there is a cu­
mulative growth of knowledge - or rather, of know-how. The 
number of parameters or magnitudes observable or measurable has 
continuously increased as has the preciseness of measuring results. 
Of course, proposals have been made to interpret acknowledged 
data in a different way by assuming a new and different theory. 
But the technical ends, e.g. all the criteria of the functions of 
scientific instruments, have remained the same from the pre-scien- 
tific art of measurement and instrumentally supported observation 
until today.

The pragmatic deficiencies in the approaches of Kuhn and Fe- 
yerabend and their fixation on the descriptive character of scien­
tific theories alone are responsible for their particular blindness to 
the irrelevance of theory making for the development of technol­
ogy. To put it more precisely: technology is not, as is often stated, 
applied science or the spin-off of science, but science is applied 
technics. Technical means have been applied within scientific re­
search and have made it possible. Therefore the history of science 
has its basis in the history of technics, the revolutions of which are 
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at most social ones but not revolutionary changes between incom­
mensurable theories.

7. CONCLUSION

To conclude with the question must be asked as to what the ad­
vantage of a shift from the double descriptivism to the construc­
tive philosophy of science would be. I shall mention two advan­
tages:

First, both science and philosophy of science are cultural phe­
nomena. They are practice or results of practice which do not sim­
ply happen to passive individuals or to a passive mankind, but they 
are brought about as a more or less successful pursuance of ends or 
goals. Constructive philosophy of science looks for systematic re­
construction of science without neglecting its practical founda­
tions, namely craftsmanship and technics; and it regards this foun­
dation as practice under the guidance of ends or goals. Construc­
tivism therefore allows of a cultural understanding of science and 
in particular of an explanation as to how social factors can influ­
ence science.

Secondly, constructive philosophy of science formulates and 
follows a principle of a methodical order of steps in gaining and 
testing theories. No philosophy of science is able to elucidate sci­
ence if it leads to reconstructions or interpretations of scientific 
theories which factually, that is, by actions in laboratories, could 
never be realized or followed. There is, for instance, no opera­
tional realizability of circular definitions, and there is no jump 
from a technical basis of science to another incommensurable one.

Focussing on the fact that doing research in natural science is to 
an indispensable extent manually acting towards ends, the con­
structive approach covers both the historical and the systematical 
aspect of science, as well as the social and the rational one.

Philipps- Universitat, Marburg
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A PLEA FOR AN INTERACTIONIST 
EPISTEMOLOGY

1. INTRODUCTION

More than twenty years after the ‘historicist turn’, hardly any­
body will deny that the common devotion of history and philoso­
phy of science to science requires them to help each other to over­
come their essential deficiencies. These deficiencies concern the 
temporal dimension of science on the part of philosophy of sci­
ence, and the question of truth on the part of history of science. 
Although the need for help is mutual, the burden is not equally 
distributed. It is philosophy of science that has a twofold task: it 
has to accommodate the fact that in the course of history our re­
presentation of nature - in whatever way we understand the term 
‘representation’ — has been reorganized several times, and to re­
consider the notion of truth in the light of the newly discovered 
historical nature of science.

Generally speaking, contemporary philosophy of science offers 
two strategies as optional for approaching the task: epistemolog­
ical objectivism in the form of scientific realism, and epistemolog­
ical subjectivism as instrumentalism or relativism.1 Epistemolog­
ical objectivism can be epitomized by the claim that scientific the­
ories are true or false in virtue of how reality is, independently of 
ourselves. Epistemological subjectivism holds that scientific the­
ories are neither true nor false but are our instruments for reason­
ing about reality, or that the truth of the theory depends on our­
selves in the specified way. Relying heavily on tradition, and being 
exclusive of each other, both strategies, so far, have failed.

Namely, for a traditional realist who in one way or another is 
committed to some variant of the correspondence notion of truth,
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a knowledge system is unselectively open to any input coming 
from reality. The system grows by the accumulation of ever more 
correspondences. On the other hand, from a subjectivist perspec­
tive behind which there is always some kind of coherence notion 
of truth, a knowledge system is essentially closed and indifferent 
in respect of reality; it occasionally reacts to external perturbances 
in order to reestablish internal equilibrium. The system grows by 
unfolding its internal logic in a more complete and more efficient 
form. Now, if it is true that the only systems capable of not just 
growing but also evolving through adaptive self-reorganization are 
open systems which maintain their integrity in a continuous in­
flow and outflow in the building up and breaking down of com­
ponents, then it is no wonder that both objectivism and subjec­
tivism face insurmountable difficulties when confronted with the 
historical dimension of science.

Richard Rorty (1980) is very convincing, claiming that the 
mainstream of traditional epistemology has been caught up in 
what he terms the ‘ocular metaphor’. As a way out, he offers a re­
placement of epistemology with hermeneutics as a theory of what 
he calls ‘normal discourse’. Kurt Bayertz (1981), pleading for 
something quite different, that is, for an epistemology that would 
be a theory of the ‘constitution of a scientific research-object’, 
sees traditional epistemology in the same vein as framed according 
to the ‘perception-oriented model’. Even the declared realist Roy 
Bhaskar (1975) speaks critically about empirical realism or epis­
temological individualism “in which men are regarded as passive 
recipients of given facts and recorders of their given conjunctions” 
(p. 16). Lining up with Dewey in his critique of the spectator the­
ory of knowledge, Ian Hacking (1983), another realist of sorts, 
claims that “most of today’s debate about scientific realism is 
couched in terms of theory, representation, and truth” and that in 
this context “there can be no final argument for or against real­
ism” (p. 3 1). Finally, following Lukacs and the Frankfurt School, 
an influential faction of Marxist philosophers abandon the ortho­
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dox ‘copy theory of truth’ as essentially positivistic in favour of 
the ‘mediation of nature through society and society through 
nature’, as Alfred Schmidt (1971) phrases it. Thus it seems that 
the critique of the ocular metaphor, of the spectator theory of 
knowledge and of perception-oriented epistemology is becoming 
the common meeting place for different traditions in epistemology 
and philosophy of science. They join here shortly before proceed­
ing further in their different directions.

It is then worthwhile to look more closely into the ‘ocular me­
taphor’ and to bring out its main drawbacks, particularly those 
related to a possible account of the historical nature of human 
knowledge. This is done in Section 2. The result is that the per­
ception-oriented epistemology separates representation of nature 
from interaction with nature, the unity of which is the essential 
feature of evolutive systems, and that, as Hacking (1983) put it, 
“the harm comes from a single-minded obsession with represen­
tation and thinking and theory, at the expense of intervention and 
action and experiment” (p. 13 1).

In order to begin the restoration of the lost unity of representa­
tion and intervention in Section 3, an attempt is undertaken which 
aims to show that in real open systems which obviously evolve and 
are engaged in a kind of ‘cognitive’ relationship to their environ­
ments, namely in living systems, representation and interaction are 
inseparably linked to each other, not for any contingent reason, 
but because of the very nature of life.

The human mode of interaction with nature is a peculiar one 
and therefore biological analogies are of limited value. What char­
acterizes it is its mediation by human artefacts. It may look as if 
we now have grounds to separate representation from interaction. 
However, the closer analysis of the nature of human artefacts and 
the dynamics of their production, carried on in Section 4, shows 
that this is not the case. Moreover, it comes out that the dynamics 
of artefact making are of the same structure as the dynamics of 
human history, hence an epistemology that concentrates on inter­
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action and closely relates it to representation has a much better 
chance of accommodating the historical dimension of human 
knowledge. A future historical epistemology, first of all, must be 
an interactionist epistemology.

2. OCULAR METAPHOR AND HISTORY OF SCIENCE

The essential feature of the metaphor is that it adopts an aristoc­
ratic subject-and-object framework in which the cognitively active 
subject is perceptually passive, that is, almost literally ‘placed 
underneath’ to suffer imprints from the object, and in which the 
cognitively passive object is perceptually active; its activity consist­
ing solely of generating visual and auditory stimuli. The subject 
and object are always aristocratically separated by the distance the 
stimuli have to travel. There is no other bodily contact, no other 
activity going on in between, except signals emitted by the object 
and arriving at the subject’s surface in the form of assorted fre­
quencies and intensities of light and acoustic waves. So, the pos­
sible actions and the roles played by subject and object are ex­
tremely reduced. All an object can do is emit some signals into the 
surrounding space, irrespective of whether they are observed by a 
subject or not; all a subject has to do is to receive signals, to ex­
tract from them as much information as it can, and eventually 
gently stimulate the object to emit more signals.

When observation, as this kind of contact is usually called, is 
all that is going on between subject and object, that is, when the 
much-exploited concept of experience is reduced to input recep­
tion, then it is no wonder that the independent existence of the 
object and the verisimilitude of the reflection become dubious and 
that epistemology is engaged in a superfluous and useless endeav­
our to provide reasons for believing in the independent existence 
of external objects and in the credibility of careful and controlled 
observation. The same doubt, of course, is cast on reflections or 
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representations, both in the Mind and the Language, so that they 
have to be justified, their accuracy tested. Epistemology has been 
given the impossible task of supplying the subject with a firm pro­
cedure of justification on the sole and feeble ground of one-way 
action at a distance between the passive subject and active object. 
If action is imagined as originating in the object, we have objectiv­
ism and the correspondence theory of truth; if it is the other way 
round, then we have subjectivism and the coherence theory of 
truth.

Moreover, there is one more reduction imposed on epistemol­
ogy. If it is to provide us with the firm foundation of knowledge, 
then whatever way the contact between subject and object is con­
ceived, the epistemological account of it should involve no contact 
between subject and object. Since the independent inspection of 
the contact, a necessary condition for a successful outcome of the 
epistemological project, is impossible, the same condition which 
defines the project renders it impossible. Hence no one should be 
surprised that traditional epistemology has not been able to re­
solve the controversies between subjectivism and objectivism, be­
tween two theories of truth, between scepticism and dogmatism, 
between the internalist and externalist approach to the growth of 
knowledge and the like.

When framed according to the ‘ocular metaphor’, the process of 
justification, regardless of the subjectivist or objectivist option, is 
confined within the subject. It is reduced to a comparison between 
diverse kinds of representations, some of them more reliable than 
others, or between different kinds of propositions, some of them 
more firmly founded than others. Therefore, the most important 
part of the cognitive process does not happen where one would ex­
pect it to, that is, in the space between subject and object, but is 
hopelessly imprisoned in the subject, that is, in theory, representa­
tion, language and the like.

Some modem variants of the perception-oriented epistemology 
are still imbued with what Rorty named ‘mirror imagery’, accord­
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ing to which a subject or a medium of cognition, whether it is an 
individual mind, a collective consciousness, or a language, is put 
before or ‘under-placed’, so to speak, as ‘a great Mirror of Nature’ 
in order that various reflections - some accurate, some not — of 
objects thrown against it might shine therein. The cognitive pro­
cess consists of an effort on the part of the subject to get a more 
and more accurate reflection or at least a faithful representation of 
an external object. Since the subject, conceived as Mind or, after 
the linguistic turn, as Language, is supposedly capable of being 
studied by pure, non-empirical, that is, exclusively philosophical 
methods, epistemology is able to help the cognitive process ‘by 
inspecting, repairing, and polishing the mirror’.

If now scientific realism, as a supposedly new answer to an old 
dilemma, takes on the ‘mirror imagery’, the only way to escape 
subjectivism is to declare dogmatically that whatever science es­
tablishes as truth about nature exists in objective reality, in other 
words, belongs exclusively to the object. This is precisely what 
happens to many of those who try to interpret the mathematical 
formalism of quantum mechanics from a realist standpoint still im­
pregnated with the ‘mirror imagery’. After an early period when 
realists were puzzled about how to imagine the atom without 
Bohr’s orbits, spin without spinning, an entity which is both a par­
ticle and a wave, etc., they followed Bohr’s advice not to strive to 
visualize or make a picture of the atomic processes. As a conse­
quence, everything that enables theory to accurately reproduce ex­
perimental results, be it palpable or not, receives the accolade of 
belonging to microscopic reality. Not only have ‘pilot-waves’, the 
‘waviecle’, or non-local hidden variables become part of the new 
ontology, but something called ‘propensity’, too. The new ontol­
ogy has only one further limitation, besides providing us with the 
correct experimental outcome. It must not contain the concept of 
‘measurement’, since it belongs - according to the orthodox re­
alist interpretation - exclusively to the subjectivist repertoire. The 
realists usually take for granted that the subjectivist interpretation 
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of the concept of measurement in quantum mechanics, like that 
provided by von Neumann and Wigner, is the only possible one.

Other modem variants of the same species, of spectator’s epis­
temology, are - we say by analogy - permeated with ‘cybernetic 
imagery’. As this imagery depicts, a system of knowledge is charac­
terized by a certain referent state or a goal it aims at. The refer­
ence state might be defined by the shared values of a certain scien­
tific community, by a disciplinary matrix, positive and negative 
heuristics, present state of the theory, etc. Among the possible 
goals one may cite prediction of future events, the realization of 
certain social interests, the solution of problems and puzzles ap­
pearing in the system, etc. Observations, that is, the input of the 
system, are regarded as stimuli or disturbances for an otherwise 
closed system, and they are assessed in respect to the main para­
meters of the system. The system responds only to those stimuli 
which bear some reference to the goal or reference state; the input 
is loaded by, or interpreted according to, the present state of the 
system and these parameters. Reaction is determined by the inner 
logic or regulatory mechanism of the system which, of course, is 
not constructed in order to get a credible picture of the environ­
ment but to achieve an internal reference state.

The narrowness of the choice offered by spectator’s epistemol­
ogy is particularly visible when confronted with quantum mechan­
ics. Caught in the false dilemma of subjectivism or objectivism, 
unavoidable if somebody sticks to the ‘perception-oriented model’ 
of epistemic process, the philosophy of quantum mechanics, orth­
odox or not, has not yet assimilated the essential message of the 
so-called Copenhagen interpretation, that is, of the interpretation 
that is still the basis for the working physicists’ understanding of 
the theory. The message purports to say that quantum mechanics 
describes neither the independently existing micro-world nor 
our experience of it, if experience is taken in a classical empiricist 
sense. Quantum mechanics describes our objective interaction with 
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the micro-world, an interaction that is inevitable and can be nei­
ther neglected nor subtracted from the theory'.

It is true that this message was not elaborated systematically or 
pressed to its final conclusions. Crucial questions like: Why is it 
not possible to give a physical account of the interaction between 
the apparatus and the micro-object, even though measurement is 
seen as an objective physical process?; What is the nature of meas­
urement, if it is neither a completely subjective nor a completely 
objective process?; How can this subjective process be consistently 
incorporated into the mathematical formalism of the theory? etc., 
have not been fully answered, in spite of Bohr’s repeated efforts. 
Nevertheless, careful analysis shows that the Copenhagen interpre­
tation does not necessarily drive us into the subjectivist camp but 
forces us, first, to dispense with ‘mirror imagery’ and, secondly, to 
take the interaction between subject and object seriously. Since it 
is evidently trying to say something new about ‘the central para­
dox of science’, that is, about science as both a human product 
dependent on man and at the same time a truthful account of 
things existing independently of man, it certainly still deserves a 
thorough philosophical study.

Besides the failure of perception-oriented epistemology to per­
ceive the novelty of the situation in modem physics, its greater 
shortcoming is its inability to give a proper account of the histori­
cal nature of human knowledge in general, and science in particu­
lar. The model of development which is consistent with mirror 
imagery is either simple growth by the accumulation of image 
points, or a move towards a supposedly more perfect picture when 
the mirror is polished better. Cybernetic imagery allows for a more 
versatile set of models which accounts for the way a system pur­
sues its goal and ends up in the reference state. However, a cyber­
netic scheme cannot explain the change of the goal or reference 
state itself; a system only appears as evolutive or historical.

Still playing with system-theory vocabulary, one may say that a 
knowledge system, as described by the spectator theory of knowl­
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edge, is incapable of proper historical development because it has 
no ‘metabolism’. It is ‘open’ with respect to incoming information 
in the form of sense stimuli, but it is ‘closed’ with respect to ‘mat­
ter and energy’, the substance of knowledge about the real physi­
cal interaction between subject and object. The aristocratic frame­
work of the ocular metaphor, wherein the only admissible contact 
between epistemic subject and object is observation, insulates the 
human representation of nature from human interaction with na­
ture. It separates ‘representation and thinking and theory’ from 
‘intervention and action and experiment’. Still in the same vocabu­
lary, we may say that until we apply an open-system schema to 
the knowledge system, there is no chance we shall ever understand 
its historical dimension. But can we apply an open-system schema 
to knowledge? Can we unite representation and interaction with­
out falling into the trap of the subjectivism/objectivism dicho­
tomy? Can we speak about the ‘metabolism’ of a knowledge sys­
tem? If so, what would it be?

3. REPRESENTATION AND INTERACTION IN LIVING SYSTEMS

To indicate the answers to these rather metaphoric questions, let 
us first take a look at the context from which the idea of open sys­
tem originates. Let us take a look at the basic features of living 
systems as open systems. The first and foremost difference be­
tween the living and the inanimate worlds is the need for interac­
tion which is present in the former and absent in the latter. The 
living system, as an island of orderly structure and accumulated 
energy, cannot oppose the laws of thermodynamics, and therefore 
cannot maintain, much less reproduce, itself without being limited 
in space and time, and without a repeated interchange of matter 
with its surroundings. Space-time closure and interaction with the 
environment are natural necessities for a living being. That is why 
tire living being and its environment, as spatially and temporally 
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well-defined systems, and the interaction between them, provide 
the most general framework for an interactionist epistemologist’s 
study of the cognitive process in general, and the subject—object 
relationship in particular.

For an organism to be a closed and open system at the same 
time, distinct from its environment and in constant conjunction 
with it, it is necessary that the interchange of matter, energy, and 
momentum with the environment, in one word, the interaction, 
be both selective and doubly structured. Obviously the interaction 
should be: first, such as to provide an organism with material rich 
in free energy and in the elements needed for functioning, growth, 
and reproduction; secondly, such as to protect it from noxious 
substances and harmful external influences; and thirdly, such as to 
free it from degenerated and dispensable material. Hence, not 
everything that comes from the environment to the surface of an 
organism should be allowed to enter, nor everything that tends to 
escape from an organism should be permitted to leave.

The principal ways by which an organism establishes selective 
interchange are combinations of various semipermeable mem­
branes at the morphological level, and differential behaviour at the 
ethological level. By these means the interaction is structured ac­
cording to a double standard, one established by the environment, 
since the organism can only use those materials, forms of energy, 
and patterns of momentum that are available in the surroundings; 
and the other by the organism striving to satisfy its specific needs. 
Usually these standards overlap due to adaptation and one may 
speak of a unique doubly-structured interaction wherein the com­
promise, or better said the synthesis, between two standards is 
reached. Sometimes they are at odds and the interaction ceases; 
thus the organism dies.

This general, structured, selective, differential interaction is 
ipso facto the basic cognitive interaction. It presupposes at least 
one elementary cognitive operation, namely recognition, as a basis 
for selectivity and differentiation. Sorting out input and output 



A PLEA FOR AN INTERACTIONIST EPISTEMOLOGY 337

requires a kind of identification of whatever should be sorted ac­
cording to some criterion, model, or template. In most biological 
membranes this is done by the so-called ‘transport’ molecules of 
different proteins, asymmetrical in shape and embedded in the 
fatty bilayer that prevents most atoms and molecules from pas­
sing. The different asymmetric structures of these protein mole­
cules form a system of ‘templates’, a ‘code’ according to which 
non-differentiated but already structured potential input or out­
put is ‘read’ and transformed by selection into what actually pas­
ses through. Accordingly, the ‘code’ is also doubly structured; it 
follows the organism’s needs and the environmental dispositions, 
or ‘affordedness’.

Since all living systems are in need of an environment, precisely, 
in need of interaction with an environment, the ‘template’ accord­
ing to which this interaction is structured must express, in the lan­
guage of the organism’s needs and the capabilities embodied in the 
forms of certain parts of its own body, the relevant portion of the 
required environment. This expression could be seen as though the 
portion of the environment is present once more, or re-present, in 
the specific organic forms of the organism’s body. This re-presen­
tation, this ‘making something present again in something else’ is, 
of course, also a compromise or a synthesis of two sorts of de­
mands: organic and environmental. It could be said that the por­
tion of the environment being transported into the organism has a 
new form imposed on it by its recipient and represents itself in 
this new form.2

The re-presentation is both the consequence of and the prere­
quisite for the interaction, and therefore for life. For the essence 
of life is neither the peculiar structure of the organic body nor the 
specific behaviour of the living system but the interaction to 
which both the organism with its behaviour and the niche which it 
exploits are subordinated. Consequently the re-presentation is not 
a separate, self-standing, independent process but an integral and 
essential part of metabolic interaction.
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This makes clear, I hope, that by the very fact of being alive, 
that is, maintaining a metabolic interaction with the environment, 
an organism is a cognitive system, a system wherein the re-presen­
tations of other systems happen and that it is a cognitive system 
only insofar as it maintains a metabolic interaction. In this con­
text, it should be pointed out that the re-presentations do not oc­
cur as a consequence of some process of mirroring the external 
world, or reacting to external disturbances, but as a part of the 
creative synthesis of the organism’s needs and potentialities and 
the potentialities and dispositions of the environment realized in 
the interaction, to which it is so tightly bound.

4. RE-PRESENTATION AND INTERACTION IN PRODUCTION
OF ARTEFACTS

In the course of organic evolution multifarious types of interac­
tions have been established and maintained between organisms and 
their environments. Each new type of interaction has brought 
about new elements in the cognitive process. These elements have 
often been just variants along the same line of development, but 
sometimes they open up a new line, or even a new survival, and 
hence also a new cognitive strategy. Generally speaking there are 
three strategic lines along which different solutions of the problem 
of existence have been created and different ways of re-presenting 
formed. The first one is a morphological strategy wherein new 
problems of maintaining a stable interaction are solved by develop­
ing new organs or new forms of existing organs. The second is an 
ethological strategy where the same task has been achieved by the 
adoption of a new form of behaviour. And finally, the third one is 
a technological strategy where the challenges for survival are met 
by the construction of appropriate artefacts. Of course, these 
strategies have often been combined, especially in the evolution of
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higher animals, in a way that the former establishes a basis for the 
latter.

With the technological strategy, which is primarily, although 
not exclusively, a human survival strategy, organic evolution has 
made, so to speak, a step beyond itself, a step beyond the organic 
world, into a new realm. An artefact, as I shall understand this 
word here, is an ordered material structure with accumulated ener­
gy emerging from thermodynamically unfavourable processes. In 
this sense it bears some resemblance to living systems, and differs 
from ordinary, natural, inorganic objects. Yet it is an ordered struc­
ture which cannot maintain itself or reproduce itself through selec­
tive interaction with an environment. It can never originate spon­
taneously from the random play of natural forces, nor can it be 
the result of the reproduction of one or two beings of the same 
kind. So it is also different from any living system whatsoever and 
bears some resemblance to ordinary physical objects.

On the one hand, an artefact extends its animate producer into 
the environment through extemalization and the embodiment of 
some of the living beings’ needs, tasks, and features. It completes 
the living being by solving some inner organic problems externally. 
On the other hand, although the artefact as regards energy and in­
formation content has been, and for maintenance always remains, 
dependent on the living being, materially it is self-sufficient and in­
dependent. It comes from the environment, is made in the envi­
ronment, and remains in the environment. Therefore, like those 
parts of an organism’s body that are exposed to interaction with 
the environment, the artefact is a synthesis of the needs and po­
tentialities of the organism and the potentialities and actual fea­
tures of the environment. It is a successful projection of the inter­
nal demands of the living world and its capabilities onto the pre­
existing external structure found in the non-living surroundings. 
So most of the points made in respect of a living system could be 
repeated here.
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This is a chance for the morphologically and ethologically un­
finished, incomplete species homo sapiens to complete itself tech­
nologically through the new artificial world of human artefacts. 
Consequently, the basic metabolic interaction of humans with 
their natural surroundings is no longer a direct, immediate one, 
but it is mediated by the production of artefacts. This gives rise 
then to a peculiar cognitive dynamics.

The process starts with a certain human need, first of all with a 
certain biological need, but also with any other one that cannot be 
satisfied internally. The need is firstly transformed into a concep­
tion, an ‘idea’, a design of an artefact which is a tentative internal 
synthesis of the need and the dispositions of the environment 
within reach of the interaction. Then the idea of an artefact be­
comes the matrix for the mental control of the ordered sequence 
of bodily actions through which the idea takes off into the exter­
nal world.

Trying to implement itself in the new media of the external 
world through guided movements of the body, the idea meets 
there the pre-existing actual structure of what is called reality. By 
means of the physical interaction which aims to transform actual 
reality into an artefact, the idea forces reality to open itself up to 
the producer and to disclose to him both its actual and potential 
capabilities; the actual ones as the starting-point for the transfor­
mation, and the potential ones as the final form of the finished 
artefact.

The idea might change in the process, but it would not be the 
idea of an artefact unless something new entered the external 
world with it. Looking from the perspective of that world, the fi­
nal form of the artefact is brought into it from the outside as a 
strange, novel, yet-not-experienced form. So the idea is always im­
posed upon, projected onto actual reality, causing it to change 
along its yet-unrealized possibilities. Finally, modified on the way, 
enriched or endowed with reality, or if you prefer, justified by re­
ality, the idea enters the external world to find itself implemented, 
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embodied, externalized, and justified as real or true in the form of 
the finished artefact. The compromise, the harmony, and the syn­
thesis is reached due to the fact that in the process the idea accom­
modates reality by stripping off those elements that reality cannot 
receive, and that at the same time part of reality changes from its 
actual to its previously potential form, that of the preconceived 
artefact. (Here we have anew ‘context of jusitification’ and at the 
same time a part of the ‘metabolism of a knowledge system.)

Incorporated now in external reality, settled down into the 
form of the finished, self-standing, detached artefact as its alter- 
being, the idea is in the position to become an object for its pro­
ducer. He can now critically examine the externally and objec­
tively existing ideal; he might compare it with its original internal 
subjective form and learn something about reality through that 
comparison. Moreover, taken for this critical examination, the sub­
ject externalized in the materialized idea of an artefact becomes 
its own object, recognizes itself in it and acquires some knowledge 
not only about the reality transformed during the process, but 
about itself, too.

However, the object also becomes the subject, since the objec­
tified form of the idea endowed with reality, that is, the artefact, 
influences the subject by embodying and emitting back everything 
that has been objectified and externalized in the artefact. Thus 
man, who partly shapes the external world, is also shaped by it, 
especially by that portion of it which is shaped by him. (Here we 
have a new ‘context of discovery’ and the complementary part of 
the ‘metabolism’ of the knowledge system.)

Regarding the nature of modern science, one can easily draw 
the parallel with the cognitive dynamics of artefact production. 
Research starts with certain problems and, of course, with the 
need to solve them. A problem is transformed theoretically, one 
may also say internally, into a hypothesis. Regardless of how one 
perceives hypotheses, as a realist or as an instrumentalist, as a veri- 
ficationist or as a fallibilist, if it is an hypothesis of modern natural 
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science it should also contain, in whatever form, the idea or the 
design of an experiment, an artificial experimental arrangement. In 
other words, a scientific hypothesis is simultaneously a hypothesis 
about a possible experimental setup - a possible artefact - and 
about the object of investigation.

During the process of extemalization of the hypothesis, when 
building up a conceived experimental arrangement, the hypothesis 
does not usually change except for some minor details. This does 
not mean that the hypothesis is not embodied in the arrangement, 
that it is something external to a manufactured setup, or that it 
has not been partially tested already before the finished arrange­
ment has been switched on. However, the crucial test is usually 
performed through the functioning and outcome of the apparatus, 
notably during that part of the cognitive dynamics where the fin­
ished artefact is taken as an object. The hypothesis is then either 
rejected or refined or taken as justified, which first of all means 
‘received by nature as a possible form and functioning of the arte­
fact’. In other words, it is attested that its form and function are 
not at odds with the actual features of the portion of nature in­
cluded in the experimental arrangement.

Having this in mind it is now easier to understand the message 
of the Copenhagen School, which puts forward two claims. First, 
that the object of microphysics is real but always caught in an ar­
tificial experimental setting; it is always part of a human artefact. 
Microphysics represents not only actual microscopic reality but 
also a potential one, one brought about in the artefact. Secondly, 
that the arrangement is created by man who has a certain cognitive 
history and is manufactured by man with definite physical charac­
teristics. These claims are not necessarily bound to subjectivism 
and, therefore, should be seriously taken into account by the new 
epistemology.
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5. CONCLUSION

The cognitive dynamics of artefact production, as described here, 
resembles Hegel’s phenomenology of mind, along with Marx’s re­
interpretation and completion of Hegelian dialectic in the Paris 
manuscripts and The German Ideology. If for the artefact we 
substitute an experimental arrangement’, the above also delineates 
the method of modem experimental science. Because such a con­
ception of human interaction with nature can serve as the com­
mon ground for grasping both the historical development of hu­
man cognition and the internal dynamics of modem science, I be­
lieve it can also serve as the basis for a sophisticated form of sci­
entific realism freed from a commitment to ‘mirror imagery’ and 
the ocular metaphor. For, instead of simple reflection we have 
here an account of a complex subject—object dynamics grounded 
in full-fledged physical interaction between man and nature, 
which makes a realist theory of the historical constitution of the 
epistemic object, and therefore of the scientific research object 
too, possible.

This possibility rests upon the fact that history essentially re­
cords the development and differentiation of various types of in­
teraction with the environment and, accordingly, the development 
and differentiation of different ways of life for one and the same 
species. The diversity of the interaction between humans and na­
ture is the result of the mediation of artefacts. Each type of inter­
action developed through history is mediated by its characteristic 
set of artefacts that both establishes and is organized around the 
basic, biological, and therefore trans-historical, metabolic ex­
change of matter and energy.

Now the cognitive dynamics of artefact production, which in a 
sense constitutes the complete feed-back loop, nevertheless gives 
rise not only to ‘blind variation’, but also to improvement through 
the critical examination of and reflection on the finished artefact. 
If one adds to this the fact that artefacts, as embodiments of ideas, 
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also fix them externally and so make them usable for other people 
and new generations, the continual and, in a certain sense, cumula­
tive model of human history becomes more plausible than the one 
based on revolutionary unbridgeable leaps.

However, continuity and cumulation do not exclude the exis­
tence of distinct ways of human life, and distinct modes of human 
interaction with nature made possible by the introduction of new 
kinds of artefacts. Viewed epistemologically, the existence of dif­
ferent modes of interaction created in the course of human history 
yields to different types of experience of the same reality and, 
therefore, to different types of constitution of the epistemic ob­
ject.

After all is said we can conclude, I think, that there are grounds 
for believing in the possibility of a historical epistemology which 
will do justice to the historical character of human knowledge if 
we first direct our efforts towards understanding the real interac­
tion between man and nature, from which knowledge springs.

University of Zagreb

NOTES

1 For a detailed description and discussion of these positions see Newton-Smith (1981).
5 The concept of ‘re-presentation’ is an important and delicate one. Here is all I need at 
the present state of analysis; representation as doubly structured re-presence. The con­
crete analysis should show the concrete forms of re-presentation.
3 This analysis of artefact production reveals two sides of the unique process, namely, 
that on the one hand during the artefact production nature discloses to the producer its 
actual and potential features, and that on the other hand this disclosure happens as a 
projection or enforcement of the design of an artefact onto nature. This could provide 
grounds for the reconciliation of realism and instrumentalism, objectivism and subjec­
tivism and for overcoming the dichotomy.
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JANOS KELEMEN

HISTORICISM AND RATIONALISM

(A historicist defence of rationalism, 
a rationalist defence of historicism)

1. The notions of rationality and reason have different meanings.
1.1. To begin with, it is conspicuous that modem rationalism was 
bom as an enemy of history: Descartes excluded history from the 
domain of those things which can be known with certainty and 
can be grasped by reason. According to this view, there is no ra­
tional connection in history; reason is not only metahistorical but 
lacks its own historicity, too. It is universal also in the sense of not 
being subject to change.

The Enlightenment inherited this conception of rationality. In­
sofar as the philosophers of the Enlightenment raised the problem 
of the relation between reason and history, they conceived it in 
the form of the question whether and how it is possible to intro­
duce reason into history.
1.2. Passions are another example of things to which reason is usu­
ally opposed. The heredity of the modern form of this opposition 
is to be attributed to Rousseau. For him, it is but one of the mani­
festations of a series of further oppositions like origin and decline, 
South and North, natural and artificial (conventional), gesture and 
voice, accent and articulation, vowel and consonant, metaphor and 
exactitude, song and prose, living talk and writing, life and death. 
Reason is identified with the negative pole of these oppositions. It 
is the offspring of man’s departure and deviation from nature, a 
sign and cause of moral decline, self-love (amour-propre), artificial 
needs and interest. (“Reason gives birth to self-love.”)1 So, it can­
not be the bearer of humanity, unlike language which, in opposi­
tion to the Cartesian view, does not rest on artificial convention
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and, originating in nature and passions, did not come to life for 
the sake of expressing our ideas. For Descartes and the rationalists 
of the Enlightenment the reign of reason and public welfare coin­
cide; Rousseau dissociates them. Evidently, this antirationalist at­
titude was justified when it attributed social and moral evil to ra­
tionality. Rousseau discovered that the world of reason he en­
visaged was the world of the rising bourgeoisie, and rationalism 
was the apologetics of this world. His criticism was directed against 
the instrumentalism of the bourgeois reason and its indifference to 
values. (We can assume that this motive is present in critics of ra­
tionality and method like Feyerabend. Feyerabend is a modem 
Rousseau who, similarly, blames reason for its indifference to the 
values of life, the suppression of the free play of imagination, and 
the standardization of people’s conduct and their way of thinking. 
It is to be expected in his case, too, that his arguments prove to be 
valid only against an instrumentalized reason.)
1.3. In Rousseau, the notion of reason was transformed in a dou­
ble way. Instead of being praised it was blamed and, being asso­
ciated with man’s emergence out of nature and his moral decline, 
it assumed a quasi-historical dimension. It was German idealism 
and Romanticism that continued and accomplished the line of his- 
toricizing reason. In the meantime it was not only reason that had 
been made historical, it was history, too, that had been made ra­
tional. The two processes of historicizing reason and rationalizing 
history became identical only, as a final result, in the Hegelian sys­
tem.

This double act of reconciling reason and history initiated the 
epoch of historicism.

The philosophically radical step of rationalizing history was ac­
complished, as a matter of fact, by Kant. The statement according 
to which reason is not alien to history but, on the contrary, his­
tory is in itself rational, has two senses, a narrower and a wider 
one. Its narrower sense is to be derived from identifying the ‘ra­
tional’ and the ‘logical’. In this sense it can be said that history is 
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not only rational but logical as well, or the ‘historical’ and the ra­
tional’ have some kind of unity. The thesis of Fichte and Hegel 
(or of Marx) concerning this unity is a direct continuation of the 
transcendental philosophy. Since for Kant the whole world of 
events in time ... is a schematized representation of the world of 
logical or conceptual relations”, and “Fichte’s attempt to detect a 
conceptual scheme underlying the temporal succession of histori­
cal periods is ... a perfectly legitimate application to history of the 
Kantian doctrine of the schematism of the categories.

The wider sense of the rationalization of history was expounded 
by Kant in his minor writings about philosophy of history which 
do not belong to the transcendental philosophical system. In the 
‘Idee einer allgemeinen Geschichte in weltbiirgerlicher Absicht’ 
he clearly formulates the idea that envisaging a series of events in 
their mere temporal succession has nothing to do with history. Be­
sides this we need an interpretative scheme in the framework of 
which the chaotic world of events can be thought of as a connec­
ted whole subjected to some intelligible lawlike pattern. Kant 
found the point of departure for such an interpretative scheme in 
the notion of a purpose or plan of nature, that is to say, in the as­
sumption that the events become history for us if they are related 
to the unity of an immanent purpose. Without touching upon the 
difficult problem of the Kantian teleology it is to be remarked 
that in the light of Kant’s later system the notion of the purpose 
of nature turns out to be regulative and not constitutive: “For the 
conception of a physical end is altogether unprovable by reason in 
respect of its objective reality, which means that it is not constitu­
tive for the determinant judgement, but merely regulative for the 
reflective judgement.”3

It amounts to saying that the purpose of nature has no objective 
reality; however, history displays an order as if it obeyed a plan. 
So, for the sake of arranging the historical material, reason is enti­
tled to use the concept of the purpose of nature as a regulative 
principle.
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Kant’s writings about the philosophy of history, like his review 
of Herder’s Ideen zur Philosophic der Geschichte der Menschheit, 
were conceived in terms of the polemic against Herder. One of the 
main topics of the debate was in fact the question what the pur­
pose of history consists in (whether it consists in the development 
of the species or in the happiness of the individual). In the light of 
our earlier remark this teleological language can easily be translat­
ed into a naturalist one and the debate makes sense also in terms 
of historical progress. It can be said that the debate is focussed on 
discovering the true essence and the criteria of historical progress, 
or on establishing the conceptual framework required for its cor­
rect assessment. According to this, rationalizing history, in the 
wider sense, amounts to adopting the view that history as a tem­
poral succession of events has an objective order and a definite 
direction.

The proposition that reason, in the form of a purpose of nature, 
is inherent in history, does not mean for Kant that history is di­
rectly rational or that history and rationality directly coincide. His 
rationalizing history amounts only to his stating that “he who ob­
serves the play of the human will on a large scale is able to discov­
er its regular course”.4 Rationality does not appear on the level of 
single phenomena of history, it manifests itself only in relation to 
the species. The achievement of the purpose of nature is an uncon­
scious by-product of the activity of the individuals. In the doc­
trine of the ‘cunning of reason’ Hegel takes over this idea of the 
purpose of nature which is realized independently of the consci­
ousness of the individuals and manifests itself in the sum of their 
chaotic actions. (It is worth noticing that Vico’s concept of prov­
idence has exactly the same meaning.) So, even the classical phil­
osopher of the unity of the ‘historical’ and the ‘rational’, or the 
‘historical’ and the ‘logical’ does not teach that history is directly 
rational and logical. It is just the function of the idea of the ‘cun­
ning of reason’ that it prevents us from directly identifying these 
concepts and determines the logical place for their mediation. It 
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follows from this that the distinction between ‘conscious’ and ‘un­
conscious’ is a necessary element of the Kantian and Hegelian sys­
tems: historical rationality asserts itself on a deeper, unconscious 
level.

This transformation of the notion of reason which resulted in 
the rationalization of history had the further consequence of ren­
dering it possible to conceptualize the possibility of historical 
knowledge. With regard to the Cartesian view of scientific ration­
ality this created a completely new tradition. In this tradition his­
tory is not outside the domain of intelligibility; quite on the con­
trary, it is the paradigmatic case of rational cognition, partly be­
cause history is made by us (Vico), partly because it is immanently 
rational and reason recognizes itself in it (Hegel).
1.4. When surveying the variants of the notion of rationality we 
come across a conception according to which the ‘historical’ and 
the ‘rational’, the ‘historical’ and the ‘logical’ directly coincide. Its 
most remarkable formulation is Croce’s absolute historicism, stat­
ing the identity of philosophy and history. The thesis is founded 
upon the analysis of the nature of individual and defining proposi­
tions according to which history uses individual propositions, 
while philosophy frames defining ones. Since, as a consequence of 
the unity of the individual and the universal, the two types of pro­
positions are in fact identical, “philosophy and history are not 
two forms but just one, and they do not presuppose each other, 
they are identical”.5

Identifying history and philosophy is tantamount to identifying 
history and logic because logic is the science of the pure concept 
and, so, it is just philosophy. Such identifications express Croce’s 
view that life and reality are but history, and different manifesta­
tions of reason and spirit exist as historical forms of this unique 
reality. The absolute rationalization of history and the absolute 
historicization of reason here coincide. The idea of the positivity 
of history, one of the many consequences of this conception, must 
be emphasized. In consequence of the direct identification of the 
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‘historical’ and the ‘rational’, of the ‘historical’ and the ‘logical’ 
there is no place for the Hegelian distinction between the idea and 
the spirit realized in history, between the idea and the individuals 
driven by it. In such a way history can be viewed only as an un­
broken progression which has no regressive phases. It “passes over 
from the good to the better where the evil is just the good viewed 
in the light of the better.”6 Now, it is no more possible to con­
ceptualize the problem of historical evil. The charge which is usu­
ally brought against Hegel’s thesis of the identity of the ‘rational’ 
and the ‘real’7 is certainly valid against Croce’s absolute historicist 
notion of rationality. The latter can be charged with justifying the 
total course and every single moment of history. In this respect 
Croce’s dictum is quite explicit: “History does not judge but it al­
ways justifies.”8
2. No wonder that the notion of rationalism, like that of rationali­
ty, also has many variants.
2.1. In the first place, rationalism is a name for philosophical 
movements which can be well identified historically and are char­
acterized by a system of definite theories. On the epistemological 
level it can be opposed to empricism in this sense. (Cf. the opposi­
tion of Cartesian rationalism and British empiricism.)
2.2 Rationalism is taken for the opposite of mysticism, Romanti­
cism, aestheticism, intuitionism, and mythologism as well. In this 
sense, e.g. Aquinas is a rationalist against Gioacchino da Fiore, 
Kant is a rationalist as opposed to Hamann, and so on.
2.3. Rationalism is sometimes opposed to traditionalism, to the or­
ganicistic idea of collectivity, or simply to historicism interpreted 
as traditionalism and organicism. In the background of this opposi­
tion we discover the tension between universalism and relativism. 
This tension motivates Kant’s and Herder’s debate in the field of 
the philosophy of history and gives the grounds for Hamann’s and 
Herder’s ‘metacritiques’, in which these two founders of German 
‘Sprachphilosophie’ refute the Critique of Pure Reason from the 
point of view of a philosophy of language.
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It is on the basis of a similar opposition that the philosophy of 
Levi-Strauss’s cultural anthropology can be taken for a kind of ra­
tionalism, in fact, a superrationalism. (According to it magic, to­
temism, mythology and science are permeated by the same ration- 
ality, each of them being an equivalent manifestation of the basic 
structure of a timeless, uniform spirit.)
2.4. Lucien Goldmann takes rationalism and empiricism for two 
variants of epistemological and ethical individualism as opposed to 
the attitude focussed on totality. Among the different notions of 
rationalism, Goldmann’s belongs to those in which a negative ap­
preciation is involved inasmuch as they stress the limits of ration­
alism (e.g. moral values cannot be deduced from it). This is a line 
which strongly parallels Adorno’s and Horkheimer’s critique of 
the Enlightenment and rationalism. According to Goldmann’s op­
position, Kant and Hegel are to be found on the side opposite to 
rationalism like Marx, Lukacs and Heidegger who, equally, are 
qualified as representatives of a tragic vision deduced from the 
principle of totality.
2.5. It seems natural to define rationalism in opposition to irra­
tionalism. This approach has its difficulties, too. Let us recall the 
fact that two great critics of irrationalism, Lukacs and Popper, use 
this term in quite different senses.

For Lukacs irrationalism is a given philosophical school, a pro­
duct of the dissolution of German idealism, a characteristic cur­
rent of the imperialistic epoch. For this reason he has to make it 
clear that irrationalism cannot have a comprehensive history com­
parable to the history of materialism or dialectics.9 From this 
point of view irrationalism cannot be used to define rationalism 
that has incomparably broader historical grounds and was the 
creed of different schools in different epochs. For the interpreta­
tion of Lukacs’s notion of irrationalism, we need the classical dis­
tinction between understanding and reason since, according to his 
analysis, irrationalism comes to life when the limits of understand­
ing become evident and the transition from the level of under­
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standing to the level of reason meets with difficulties. Irrational­
ism turns up at the crossroads where the obstacles to understand­
ing can be surmounted only by dialectical reason. “Putting under­
standing on a level with cognition [equating understanding with 
cognition], conceiving the limits of understanding as the limits of 
cognition in general, referring to what is ‘beyond reason’ (intui­
tion, and so on) where the transition to the cognition of the level 
of reason is possible and necessary: these are the most general fea­
tures of philosophical irrationalism.”10

When characterizing irrationalist philosophers Lukacs refers to 
features (mysticism, aestheticism, intuitionism, etc.) which in the 
earlier sections have been mentioned as opposed to different no­
tions of rationalism. So does Popper. Popper’s notion of irrational­
ism, however, is radically different. According to him in the his­
tory of philosophy there is a comprehensive irrationalist line. It is, 
above all, a theory of human nature which holds that “emotions 
and passions are the mainsprings of human actions”11 and, as a 
consequence, the disputes and conflicts among people cannot be 
resolved by arguments. Any acceptance of the idea that thoughts 
are determined is a feature of irrationalism, too (like tradition­
alism, ‘tribalism’, etc.). So, whoever holds that thoughts are deter­
mined by social relations is to be taken as an irrationalist just like 
those who reduce the different ways of thinking to the characteris­
tics of a race. At last, do not forget that in Popper’s opinion his­
toricism is another feature of irrationalism.

Popper defines rationalism simply as a practical attitude of 
readiness “to listen to critical arguments and to learn from experi­
ence”.12 Rationalism or the attitude of reasonableness is the belief 
that by means of argument and careful observation people may 
reach agreement. It rests on the scientific attitude which in the 
search for truth and objectivity requires cooperation. It is essen­
tial that Popper, in sharp terms, raised the question of the possibil­
ity of establishing our choice between rationalism and irrational­
ism. His answer, briefly, consists in admitting that, since no ra­
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tional argument has an effect on those who do not accept a ra­
tional attitude, the choice of rationalism cannot be established ra­
tionally. Irrationalism, however, can be based on rational argu­
ment. The adoption of rationalism can only be the consequence of 
an irrational decision or a moral choice. (The adoption of ration­
alism “may be called ‘irrational’,” it may be described “as an ir­
rational faith in reason.”)13 Critical rationalism is but the admis­
sion of this impossibility to ground rationalism.

I intend to demonstrate in this paper that rationalism can be 
grounded without any concession to irrationalism. (‘Critical ra­
tionalism’ is called by Popper himself a ‘minimum concession to 
irrationalism’.) In order to do this I should like to point out that 
Popper’s concession follows directly from Popper’s notion of ra­
tionalism and from the way he formulates the question relating to 
the possibility of establishing rationalism.
3. Before I adress myself to this task some remarks have to be 
made also on the different notions of historicism and antihistori­
cism.
3.1. Historicism rather than modern science is a product of mo­
dernity. In general it means nothing other than the conquest of 
the universe of history in the sense of maturing the conditions of 
scientific historiography. We must emphasize the importance of 
the birth of a historical outlook in the framework of which the 
past, earlier opposed to the enlightened present, no more appears 
as an epoch of darkness, a conglomerate of confused individual ac­
tions, and can be regarded as the antecedent of the present, some­
thing which discloses an intelligible pattern. Historicism did not 
represent any kind of irrationalism, it expanded the domain of 
rationality.
3.2. Historicism means, of course, the legitimation of the philos­
ophy of history as well, or a system of certain methodological 
and epistemological assumptions. On the level of epistemology, 
e.g., we may call historicist the assumption that, by knowing the 
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genesis, the genealogy and the history of the development of a 
thing, we know the thing itself.
3.3. The thesis that history has some objective pattern is usually 
considered a historicist assumption, too. Such an assumption can 
be expressed by the statement that there are specific historical 
laws which explain not only static states of affairs, but also transi­
tions from one state of affairs to another. As we have seen above, 
the assumption of the existence of historical patterns may involve 
the belief that logical relations are inherent in history, and that 
logical categories are at the same time historical.
3.4. But, ironically enough, historicism is also a name for the con­
ception according to which in history there is no pattern and, as a 
consequence, the existence of any historical law must be denied. 
This sense of historicism is mainly involved in the Geisteswissen- 
schaften of the early 20th century. This is epistemologically re­
flected in the opposition of scientific explanation and historical 
understanding (Droysen, Dilthey) and, in general, in the sharp dis­
tinction between the natural sciences and history.
3.5. The latter distinction has two forms: (a) historical knowledge 
is an original, independent and autonomous form of human knowl­
edge; (b) historical knowledge is the unique form of human knowl­
edge. (This is Croce’s absolute historicism.)
3.6. The different senses of historicism we have listed indicate that 
it is impossible to identify a unique, homogeneous historicist cur­
rent. So, it is illicit to form a unique, comprehensive judgement 
about historicism. Popper, however, attempted to elaborate a com­
prehensive critique of it. In order to do this, he had to construct, 
on the basis of different historicisms, an aritificial, general notion 
of historicism within which he distinguished, as subtypes, the anti­
naturalist and the pronaturalist trends.

Since historicism has so many meanings, no wonder that we 
have different kinds of antihistoricism which have different ways 
of constructing the structure of the theories they reject. The most 
striking examples are Popper’s and Althusser’s. Popper rejects 
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Marx as a historicist who professes an oracular philosophy, where­
as Althusser qualifies Marxism as a radical antihistoricism.
4.1 do not pretend that it is easy to tidy up this conceptual con­
fusion. On the basis of the foregoing summary, however, it can be 
said with certainty that there is a kind of historicism, or a sense of 
it, which cannot be opposed to rationalism. In other words, who­
ever is committed to rationalism might adopt certain historicist 
claims without being inconsistent. And what is more, we need the 
teaching of historicism for the grounding of rationalism.

What historicist claims is it reasonable to accept?
4.1. It is just the rationalist who can hardly deny that history has 
some pattern. For a scientific historiography this is the minimum 
assumption by means of which it can be distinguished from mere 
chronicle. (In what this pattern consists, to what extent it depends 
on the historical interpretation, and by means of what conceptual 
scheme it can be grasped is, naturally, an open question.)
4.2. The claim that history has an objective pattern does not a- 
mount to stating that logical necessity reigns in it. Of course, his­
tory in itself is not rational, nor is it logical, since it cannot be pic­
tured as a thinking subject (e.g. in Croce’s sense, as the very spirit 
“forever individualizing itself”).14 For this very reason there is no 
‘historical inevitability’.

However, it is reasonable to accept a moderate interpretation of 
the unity of‘historical’ and ‘logical’.

Even if there is no historical inevitability, there are historical 
states of affairs for which it is true that the states of affairs preced­
ing them are their necessary conditions. If we envisage them from 
the point of view of their essential structure then the temporal re­
lation between them can be described as a kind of logical relation. 
Accordingly, there are succeeding states of affairs, a, b, c, .... such 
that a precedes b and a is a necessary (though not necessary and 
sufficient) condition of b, but b is not a necessary condition of a, 
nor does it precede a. Assuming this to be a chronological se­
quence, it can be regarded as a developmental order. (Let us no­
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tice by the way, that we have referred to necessary but not neces­
sary and sufficient conditions. It has not been stated that if b 
presupposes a then, in case a obtains, b inevitably obtains, too. Let 
us notice, equally, that we have not referred to causal relations 
which hold between singular events and do not hold between com­
prehensive historical formulations or totalities such as feudalism 
and capitalism. Feudalism is a necessary condition of capitalism, 
but it is not one of its causes.) The picture outlined here can be 
instantiated by the cumulative development of technology (the 
technology of the Stone-Age logically precedes the use of metals). 
And we need not be technical determinists in order to recognize 
the essential role of technology in the life process of societies.
4.3. On the other hand, historicizing reason, claiming that reason 
itself is historical, apparently runs counter to rationalism. Certain­
ly, a dogmatic rationalist is not ready to accept the claim of the 
historicity of reason. There is no place for arguing in its favour 
but, from the point of view of a critical rationalism, its importance 
must be evident. It protects us from universalizing a particular 
form of rationality, a single paradigm of science, the rationality of 
a given culture or form of life, and from the intellectual and cul­
tural intolerance implied by such a procedure.
4.4. Finally, it is reasonable to adopt the historicist claim as to the 
autonomy of historical knowledge. In the debate about the ‘cover­
ing-law’ model of scientific explanation it has been confirmed that 
the unlimited extension of the deductive-nomological explanatory 
scheme is a form of universalizing a particular type of rationality. 
Instead, it is suitable to embrace the idea of the plurality of sci­
entific explanations.
5. Let us now turn to the question of the possibility of grounding 
rationalism. As a preliminary to the argument it will be pointed 
out that Popper’s notion of rationality is deficient.
5.1. Its deficiency lies in its being too narrow. The readiness to ac­
cept critical arguments is, of course, an essential element but just 
one element of the rational attitude, since only its communicative 
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aspect is involved in critical argumentation. However, the question 
of rational attitude can be raised on the level of instrumental ac­
tion, too, a level which involves the examination of the adequate 
relationship between means and goals (Weber). It is to this level 
that Sidney Hook refers in saying: “there are working truths on 
the level of practical living which are everywhere recognized and 
which everywhere determine the pattern of reasonable conduct in 
secular affairs, viz., the effective use of means to achieve ends.
But the effort to harmonize the needs and the means of satisfying 
them, or ranking the conflicting interests (e.g. the immediate and 
prospective ones) also belong to rational attitude (Marx).

Popper’s definition is too narrow also because he describes the 
rational attitude rather as an intellectual one. Rationality, both in 
view of its communicative and its instrumental aspects, is inter­
woven with the material activity, the working and productive pro­
cesses. (It manifests itself in the organization of the division of 
labour, in a given economic structure, etc.) Popper’s notion offers 
no basis for an analysis of such, sometimes conflicting, forms of 
rationality as ‘economic rationality’, ‘technological rationality , 
etc.
5.2. The situation of the choice between rationalism and irration­
alism is left completely undetermined in Popper’s description. It is 
described as if it were free from any constraint and took place no 
matter where and when, with equal chances. What is described in 
this way holds true, at best, for the scientist who, sitting at his 
desk, must choose from abstract theoretical doctrines. Although 
argumentation is a form of cooperation (recommended by Pop­
per), this kind of notion of rationalism is wholly individualistic. 
(It must be recalled also with respect to Goldmann’s position that 
epistemological and ethical individualism does not characterize all 
forms of rationalism.)
5.3. Popper is right in saying that rational arguments have an ef­
fect only on those who previously adopt the rules of rational ar­
gumentation. However, it does not follow from this that rational­
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ism rests on irrationalism unless we adopt a limited notion of ra­
tionalism and ignore that rationalism has different forms and dif­
ferent levels in depth, too. Besides, the dichotomy of rationalism­
irrationalism is too narrow.
5.4. It is hard to see why the theory about the social determina­
tion of thought (and accordingly, also of the rational and irrational 
attitudes) must be taken to be irrationalistic. The thought which, 
becoming aware of its own limits, reveals its dependence on social 
structures, too, is more critical and self-critical than the thought 
which projects itself into the vacuum of a total independence.
5.5 Finally, Popper’s critique is self-destructive because of his con­
cession to irrationalism. If, like Popper, we accept that, in adop­
ting a theory its consequences must be taken into consideration, 
then we have to search for other alternatives just because of this 
self-destructive consequence.

Another consequence of Popper’s critique is its unsuitability to 
legitimate the use of the practical syllogism in explaining actions. 
In accepting it, in fact, we ought to abstain from rational explana­
tions in which it is assumed that the agent does what he thinks to 
be rational. So, in a number of cases it would be illicit to search 
for motives and reasons in explaining actions. (Such a case is the 
very act of choosing the rational attitude.) However, this type of 
explanation based on reasons and motives or the “rationale of ac­
tions” (Dray) is indispensable in history.
6. In the course of the subsequent argumentation the following 
two statements will be distinguished:
(1) Rationalism can be grounded.
(2) Rationality has a foundation.
6.1. Popper’s problem is related to (1), which is to be transformed 
into (1’).

(1 ’) There are motives such that if human beings rely on them 
in choosing rationalism then their behaviour is not to be taken as 
arbitrary (irrational).
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(To this it could be added that insofar as human beings become 
aware of such motives they are likely to choose rationalism. In or­
der to avoid complications, this further extension of the argument 
will be put aside.)

In this place I argue in favour of (2) and assume that ascertain­
ing (2) is sufficient for accepting (1’) and with it (1). Hence, I 
state that rationalism can be grounded because rationality has a 
foundation.

The historicist assumptions adopted above can be used as pre­
misses. Taken together they have this meaning: history in itself is 
not rational, but it is the foundation of rationality.

(Incidentally it may be added that saying that history is not ra­
tional does not amount to saying that it is irrational. On the level 
of the problem of rationality there is no dichotomy corresponding 
to the dichotomy of rationalism-irrationalism. What is not ra­
tional cannot be taken without further ado as irrational. The prob­
lem of the foundation of rationality is comparable to the problem 
of the foundation of knowledge. The foundation of knowledge is 
not something we know, nor is it something we do not know: it 
does not belong to the domain of the conceptual distinction be­
tween knowing and not-knowing. Analogical remarks apply to the 
foundation of rationality.)

In consequence of the peculiarities of their historical existence 
human beings are rational. Before the question of choosing ration­
ality consciously would in fact arise their activity, primarily their 
working and productive activity, has already rational features even 
if they are unaware thereof. The degree of this unconscious ra­
tionality has a tendency to continuous growth in history as it is 
shown by the growth of technological rationality. (It is, by the 
way, one of the meanings of the claim that reason is historical.)

Both the communicative and the instrumental aspects of ration­
ality are built in the structure of human activity which, by its very 
nature, depends on harmonizing means and ends, is subjected to a 
continuous self-correction, and is cooperative. Whoever uses lan­
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guage is a critical rationalist since, by the very act of communica­
tion, he/she presupposes the intersubjective validity of the rules of 
communicative cooperation. (This remark also reveals that Pop­
per’s notion of ‘critical rationalism’ is simply vacant.) Therefore, 
whoever in the situation described by Popper chooses between ra­
tionalism and irrationalism is already rational (being able, e.g., to 
argue rationally for his choosing irrationalism).

Referring to history, human activity, language and, above all, to 
the historicity of reason is sufficient for accepting (2). It follows 
that rationality is not a question of choice whereas rationalism and 
irrationalism can indeed be a matter of choice (mainly as regards 
highly abstract philosophical doctrines). Whoever chooses rational­
ism relying on the knowledge of (2) and the arguments supporting 
it, chooses what human beings have become through history. To 
put it pathetically, he chooses himself. The choice of rationalism is 
an interest of human beings (which, of course, can be recognized 
or not). Whoever chooses irrationalism denies history, refuses what 
human beings have become in the course of history.

Consequently, there is a motive which, if it is relied upon, can 
give the grounds for choosing rationalism against irrationalism. 
Q UOD ERA T DEMONSTRAND UM.
6.2. Let us add some comments on 6.1.

From what the choice of irrationalism means, it follows that 
Lukacs is right: irrationalism cannot have a comprehensive history. 
It is indeed a reaction (a reaction to a previous historical and in­
tellectual development).

The situation of the choice between rationalism and irrational­
ism we analyzed following Popper is, of course, an idealization. 
I tried to show that rationalism is to be preferred even on this 
highly idealized level. As to the real situations Lukdcs is right: 
“The choice between ratio and irratio is not an ‘immanent’ philo­
sophical question. The choice of a thinker, primarily, is not deter­
mined by speculative, philosophical reflection, it is determined by 
class relations and class constraints.”16 This answers at the same 
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time the question how it is possible at all that some people choose 
irrationalism.

In Section 6.1. I did not demonstrate that it is impossible to 
choose irrationalism. What has been shown is only that it is not ra­
tional to choose it. Certainly, rationalism can be chosen on the 
basis of an ‘irrational faith’. My point has been that, if certain con­
ditions obtain, the choice of rationalism is grounded and may be 
called rational. What has been said means, in the last analysis, that 
rationalism is humanism and historicism — in contrast to irra­
tionalism, which is not.

Lorand Eotvos University, Budapest
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TWO USES OF FUNCTIONAL EXPLANATION

The aim of the present paper is to take up an old issue, all too fa­
miliar in the history of social science, and contribute a point of 
view which is not strikingly new but, nevertheless, seems to be in 
need of explicit formulation. The problem, that is, that of func­
tional explanation, has been thoroughly discussed in sociological 
and philosophical literature, though much less in related disci­
plines such as psychology and even ethnology. Indeed, m spite of 
prolonged debates over functionalist social anthropology, anthro­
pologists themselves were scarcely interested in a detailed analysis 
of the type of explanation they were using, however much they 
were discussing other theoretical questions. There was a period 
when philosophers seemed to lose interest in functions, too, but 
that trend did not last long and now, for the past five or ten years, 
we have witnessed a revival of pertinent investigations.1 To some 
who are more sceptical, however, the credit of any kind of func­
tionalism seems to be exhausted, and the very notion of a func­
tional type of explanation extinct. For example, Anthony Giddens 
fears that “to raise the question of functionalism is almost enough 
to put everyone immediately to sleep”. He suggests that “the term 
‘function’ ... is of no use to the social sciences or history; indeed it 
would do no harm at all to ban it altogether as any sort of techni­
cal term”. He also concludes that “there is nothing which can 
count as ‘functionalist explanation’” (Giddens 1981, pp. 15- 
17).2

All the same, Giddens does not ignore the merits of the ap­
proach he criticizes, and his criticism will not be ignored in what 
follows. While attempting to contribute to a defence of functional­
ism with some restrictions, I will raise the further critical point 
that many instances of functional explanation, as they occur in so-
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ciological, anthropological, psychological, etc. texts, display a con­
fusion as to what exactly they are meant to explain, or whether 
they explain anything at all. At the time when B. Malinowski and 
A. R. Radcliffe-Brown developed the first functionalist theories in 
social anthropology, the sociologist Karl Mannheim established a 
difference between causal explanation and functional interpreta­
tion, from which it follows that he was not offering an explana­
tion when he referred to functions. In this respect, his standpoint 
was close to that of the anthropologists, who also wished to pro­
vide reconstructions different from causal explanation. Mann­
heim’s concept of cause is linked to that of an event, to which he 
thinks a function can also be attributed in a different context. “In 
the causal view we seek to construe an event through as many of 
its determinants as we are able to isolate. The final construct is 
largely an approximation of the actual event, and when the ap­
proximation is close enough for a given purpose we say the event 
is explained. On the other hand, we interpret the same occurrence 
if we detect its function in the equilibrium of the whole system in 
which it takes place.” (Mannheim 1956, p. 76.)

Several years after the emergence of functionalism, philosophers 
of science submitted its main core to rigorous methodological 
analysis and dismissed it as unscientific unless it was incorporated 
in some model of causal explanation. That is to say, the above 
types of attempts at referring to functions in interpreting, not ex­
plaining, social events or facts failed the test of one sort of scien­
tific methodology. It was only after the decline of the logical pos­
itivist tradition that the clarification of the functional frame of 
reference could take a new turn. A radical change ensued when 
functions were shown to be of use not only for interpreting, but 
also explaining, social occurrences. This of course presupposed a 
special model of explanation, which was nevertheless drawn up 
with reference to causes and, occasionally, to the possibility of 
prediction. Larry Wright (1973,1976) and Gerald A. Cohen (1978) 
worked out different conceptions of functional explanation 
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through the introduction of an important distinction between as­
cribing a function to some item and explaining the emergence or 
persistence of an item in terms of the function(s) ascribed to it. 
That distinction is essential in dealing with one important criticism 
of the functional approach, which runs, in Giddens’s wording, like 
this: “functionalism ... (like structuralism) ... rests upon a false 
division between statics and dynamics, or between the synchronic 
and the diachronic” (Giddens 1981, p. 17). Now, this objection is 
justified when it is directed against the ‘great theories of some 
thirty or fifty years ago, and there it is destructive. But when it 
comes to more recent reconstructions like the ones mentioned, 
there is at least a hope that the objection becomes constructive, 
that is, integrated into further theoretical developments. My inten­
tion is to show that, provided we can speak of functional explana­
tions, these are used in two special ways among possible others 
which can be identified as the synchronous and the diachronous 
use, respectively. While arguing for the discemability of those two 
aspects in explanations by functions I will also attempt to reveal 
the close link which unites the two, thus offering a kind of coun­
terargument to satisfy critics of the admittedly one-sided syn­
chronicity of outdated structural functionalism.

Related to the previous question of what is being explained are 
the further questions of what is regarded as a function in a given 
case, and what is supposed to have that function. These, I think, 
are among the most difficult problems with this kind of explana­
tion, but no final decision about them is required for the present 
argument. In order to stay on secure ground, at the outset I will 
limit my enquiry to cases in which a function can be considered a 
beneficial effect, and such effects can only be attributed to partic­
ular events if we are to deal with causal chains. That is to say, in 
the flux of actual social processes, an event is pointed out as hav­
ing some (perhaps potential) beneficial effect according to some 
criteria, and this effect (called a function) is invoked in giving a 
causal account of the emergence of the event in question. These 
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restrictions may seem both counterintuitive and defying received 
traditions of social research, but they greatly facilitate the treat­
ment of functional explanation as a type of explanation by cause. 
In this way, any lengthy discussion of theories of causation can be 
avoided through conceding that only events are taken to have 
causes as well as effects, which themselves are taken to be events.3

As will be seen presently, to distinguish between the ascription 
of a function to an event and the explanation of the occurrence of 
that event (which may parallel the synchronic and diachronic ap­
proaches) is essential for a new type of causal explanation. The 
new model, introduced by Cohen, avoids many of the problems in­
volved in various teleological provisions so common to accounts of 
functionalisms of different sorts. This does not mean reducing 
teleology to causality. In fact, it must be mentioned in advance 
that ‘causality’ does not appear here in a simple and direct way, 
therefore Cohen’s model ought to be considered a very special 
type of causal explanation, if it is convenient to label it so at all. 
However, this question is not vital for the present argument, for 
the term ‘diachronic’ remains applicable to a greatly modified in­
terpretation of causality, too.

At this point, before summarizing Cohen’s thesis, let me return 
to my original problem of the synchronic and diachronic aspects 
of functional explanation. The element of causality is apparently 
related to the diachronic aspect, and if the latter was neglected by 
some schools of social science, this might be traced back to their 
neglect for causal explanations in the widest sense. A field anthro­
pologist before the Second World War was concerned with observ­
able items of behaviour, interpreting them as parts of a structured 
whole, and ascribing meaning to them with the help of a symbolic 
code. Social anthropologists were characteristically opposed to a 
quest for the origins or causes of the occurrence or presence of 
any ‘cultural isolate’. If they asked why an item was there, they 
sought an answer stating its role, purpose or function in some cul­
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tural pattern, to which the circumstances of the item’s emergence 
(often fallen into oblivion) seemed utterly irrelevant.

Now, the diachronic and the synchronic approaches pose differ­
ent questions and, consequently, advance different types of expla­
nations. To refer to the above example, ‘synchronic functionalists’ 
like many field anthropologists did not wish to know why an 
event occurred. When they had observed it, they took it for 
granted, and their question was what the purpose, significance or 
function of the occurrence might have been. Cohen addresses him­
self to the problem of why-questions but he does not entirely fol­
low Carl G. Hempel in his analysis. While Hempel implies that all 
genuine explanations must provide an answer to why-questions, 
Cohen considers other kinds of explanation as genuine, among 
them answers to what-questions. According to him, an answer to 
a what-question could be like “a good explanatioin of the struc­
ture of DNA” without explaining why anything is so (Cohen 1978, 
p. 252; cf. Hempel 1965, p. 334). Nevertheless, he restricts his 
model to why-questions, as a result of which his account seems to 
cover just the causal, or diachronous, aspect of functional explana­
tion. Later it will become clear that he assigns a crucial role to syn­
chronous function statements, too. He does this in controversy 
with Larry Wright, who claims that functional ascriptions also 
serve to answer why-questions (Wright 1973, p. 154).

In Cohen’s construal, a genuine functional explanation (answer­
ing a why-question) is structurally identical with a consequence 
explanation, which involves a statement assigning consequences to 
items (such as events) in a certain way. That is to say, “a conse­
quence-statement explains when it relates to a consequence law in 
whatever way an explanatory precedence-statement relates to a 
pertinent law” (Cohen 1978, p. 263). This amounts to embracing 
a version of the deductive-nomological model of scientific expla­
nation, with special reference to a consequence law. The latter is 
“a universal conditional statement whose antecedent is a hypothe­
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tical causal statement. A consequence law relevant to the explana­
tion of an event... takes this form:

IF it is the case that if an event of type E were to occur at G , 
then it would bring about an event of type F at t2 , 
THEN an event of type E occurs at t3 ” (Cohen 1978, pp. 259— 

260). This is applied to an example from anthropology like this: 
“Whenever performance of rain dance R would bring about, short­
ly thereafter, a rise in social cohesion, rain dance R is performed.” 
It must be noted that this model of explanation is not causal in 
the sense that it would be the effect (event of type F) which were 
to bring about its antecedent cause (event of type#). It is indeed 
clear that an event of type E brings about an event of type F, as in 
the example the rain dance brings about a rise in social cohesion. 
It is also obvious that social causation is more complex than that: 
a dance is rarely the unique cause of a change in social cohesion, 
both factors being analyzable into chains of mediating events. 
What explains here is a dispositional fact about the society: in the 
example, the fact that the condition of society is such that, at the 
given moment, the performance of rain dance R would bring 
about, shortly thereafter, a rise in social cohesion. It is not for us 
here to decide whether a dispositional fact can be considered the 
cause of a social event. In any case, whether causal in the genuine 
or only in some restricted sense, the above model of functional 
explanation has a diachronic character in that it accounts for the 
occurrence of certain types of events in the course of time. It 
makes explicit the claim underlying the much-criticized, tradi­
tional type of function statements in different branches of social 
science to the effect that an item having a certain (alleged) func­
tion is there, or persists, because of its having that (latent or mani­
fest) function. At the same time, it must be remembered that it 
does not declare a function to be the cause of the event to which 
it is attributed. This would imply ‘backward causation’ or other 
mechanisms which would not easily be incorporated in such a 
model.
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Within this necessarily curtailed sketch of a diachronic type of 
functional explanation it is relatively easy to find a place for the 
other, synchronic, type. One possibility is to discover it embedded 
in the minor conditional in Cohen’s consequence explanatory 
model, where the event of type F brought about by an event of 
type E corresponds to E’s function. But the ascription of a conse­
quence to an event is not always the same as the ascription of a 
function, and the difference is not bome out by the structure of 
the model itself. Most probably, this would rather be determined 
by the disposition of the larger context (e.g. the society) which is 
invoked as the basis of explanation. This account of function 
statements which, to be sure, treats them as mere parts of a more 
complex model, lends itself to interpretation in terms of both syn­
chronicity and diachronicity, as I hoped to show throughout. The 
apparent contradiction between the two approaches is resolved in 
one unified framework, in which both function statements (struc­
tural or static aspect) and dispositional consequence statements 
(causal or dynamic aspect) contribute to an account of the occur­
rence of function bearers. Without a function statement, such an 
account could not refer to an event precisely as a function bearer.

Arguing now for the recognition of the explanatory status of 
function statements seems to me necessary because of the preced­
ing argument in the other direction, that is, in favour of interpret­
ing dispositional consequence explanations as answers to why- 
questions. Here there are two alternatives: one can, with Cohen, 
contend that what-questions can also be explanatory, orsay with 
Wright that function statements answer why-questions, too (Wright 
1973, p. 154). In either case, it will become possible to regard the 
full structure of consequence explanations as composed of two 
statements (a function ascription and a consequence explanation 
encapsulating it), each of which may possess explanatory power, if 
only of different kinds.

If answers to what-questions are regarded as explanatory, this 
need not mean that the pure synchronic approach, until now the 
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target of severe criticism, will be allowed to regain force. Rather, 
this would imply a concept of explanation which is not as close to 
the deductive-nomological model as the one Cohen adopted. Once 
we are allowed to depart from that model we discover that, apart 
from a rather small segment of the rich social scientific literature, 
it cannot be readily applied to all texts in which functions or con­
sequences are mentioned. However, if the whole model of conse­
quence explanation is not always applicable (it will serve better 
future investigations), that part of it which corresponds to a func­
tion statement proves of more general use and may in fact be in­
corporated in some model of understanding. Even if the above 
concept of explanation is replaced by another one or, to change 
the term, by that of understanding, the scope of the function state­
ments involved need not only be synchronical. It is well known 
that ‘understanding’ is often meant to retain the historical per­
spective. To quote the hermeneutic position, “understanding 
means a fundamental apprehension of truth which takes place in 
intersubjective processes of communication and in the mediation 
through history” (Bubner 1976, p. 69). We may also consider here 
Lucien Goldmann’s insight that “if all behaviour is significant and 
functional in so far as it is directed towards an equilibrium, that 
does not, of course, mean that it will be able actually to achieve 
this equilibrium, since, quite apart from the external obstacles 
which it may encounter, the surrounding world changes as a result 
of the actions of the various collective subjects and therefore the 
situation changes, so that what was functional and significant at a 
given moment ceases to be functional and gives way to a different 
functionality. This transformation — which is, of course, a con­
tinued process, characterized in the move from one set of struc­
tures and functions to another by sudden changes — implies a syn­
thesis of continuity and discontinuity which Hegel called the move 
from quantity to quality.” (Goldmann 1971, p. 76.)

One final observation could be made about Cohen’s concept of 
a ‘consequence law’. Certainly, it satisfies the requirements of his 
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model (though not necessarily those of a deductive-nomological 
one). It could be objected, however, that “social ‘laws’ are not 
generalizations from experience but conceptual schemata for the 
interpretation of concrete historical situations” (Von Wright 1976, 
p. 434).
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NOTES

1 To assess the importance of the shift to new approaches, compare Sztompka (1974), 
and Van Parijs (1981).
2 It has been the special fate of functional approaches to have been often denied the sta­
tus of a distinct method while being advocated as a general point of view. Weber declares 
that the “functional frame of reference is convenient for purposes of practical illustra­
tion and for provisional orientation”, hardly more (Weber 1968, p. 15). Another famous 
statement reduces functional analysis to a myth “because in its essence sociological 
method (save some reductionist approaches) is functional.” (As Sztompka 1974, p. 41 
summarizes Davis 1959.)
3 The risks of such a restriction naturally depend on the domain of investigation. In his 
treatment of human action, for example, Raimo Tuomela (following Donald Davidson) 
also focusses on singular events, though extending the concept over short-term states 
(Tuomela 1977, pp. 12-13). But when one’s subject matter is long-term social processes 
events are more difficult to handle. Philippe Van Parijs revives the notion of social fact, 
and thus he needs to state that “functions are typically attributed to persistent features, 
whether organs, ongoing processes, artefacts, behaviour patterns, etc., rather than to 
events” (Van Parijs 1981, p. 41). Here he means to contradict Cohen, who brings events, 
among many other items such as properties, manners of behaviour, etc. under the scope 
of functional explanation. Cohen, in turn, rejects Merton’s limitation of functional items 
to what is “standardized, i.e. patterned and repetitive”, unlike singular events (Cohen 
1978, p. 296, Merton 1968, p. 104).
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N. L. PORUS

INCOMMENSURABILITY, SCIENTIFIC REALISM 
AND RATIONALISM

The mainstream of discussions within contemporary philosophy of 
science from the sixties may be provisionally divided into two 
branches: on the one hand, there are debates concerning the nor­
mative methodology of science in its relation to the ‘actual’ his­
tory of science; on the other hand, a complex of problems is raised 
concerning the interrelation of theory and reality (‘the external 
world’). Within the first branch, principal attention has been at­
tracted by the polemic between the ‘critical rationalists’ and the 
proponents of the ‘historical approach’; within the second branch, 
discussions between the ‘scientific realists’ and the intstrumental- 
ists has moved to the forefront. Towards the beginning of the 
eighties, the opponents seem to have exhausted all the arguments 
and even innumerable ‘corrections’ to their positions have failed to 
bring closer the opposing sides. This is hardly surprising, since the 
debates concern the very first principles which govern philosophi­
cal investigation into the process of acquiring knowledge in gen­
eral, and scientific knowledge in particular.

In the final analysis, the argument resumes old philosophical 
disagreements: what is truth, what is rationality and the progress 
of knowledge? J. Kekes names them ‘enduring problems’1 and he 
may be right. At the same time, we should not be tempted by the 
position of the sceptic, to whom it makes no difference who will 
take the upper hand in yet another battle of words since there is 
no hope for a definitive answer to the problem anyway. The phi­
losopher’s task is to seek answers to these questions and stand by 
his own convictions.

Although, as I have said, no compromise has yet been found, 
and debates do little more than discover new layers of philosoph-
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ical problems, I do not regard the situation as hopeless. I would 
rather expect the eighties to become a period of getting the bro­
ken pieces together rather than further scattering them about.

Let us take up, for example, a crux of the sixties and the seven­
ties, the problem of the ‘incommensurability’ of scientific theories 
formulated within different paradigms (in the sense of T. Kuhn 
and P. Feyerabend). Quite a few polemical spears have been bro­
ken around this problem. Some claimed offhand, to the detriment 
of the logical and semantical canons of rigour, that the outgoing 
theory and the theory which comes in its place are incommensur­
able, which led to a hasty conclusion that a change of theories in 
the course of scientific evolution cannot be described in logical 
terms. Others protested that this was tantamount to irrationalism, 
and rushed with equal haste to save rationalism by means of pick­
ing holes in the arguments of the partisans of ‘incommensurabili­
ty’. A flood of publications overwhelmed philosophical journals, 
calling forth ill-humoured responses by scientists, who were right 
in pointing out that if philosophers are earnest in putting to trial 
the idea of scientific progress, then theirs is a flippant or even 
harmful philosophy, worthy of being discarded right away. How­
ever, when the pathos petered out, it became gradually clear that 
behind the ill-formulated problem of ‘incommensurability’ hides 
an important and non-imaginary problem of scientific rationality, 
best to be grasped in the form of a question: Can the process of 
development of scientific knowledge undergo ‘rational reconstruc­
tion’, and if it can, what sense can we make of the concept of the 
‘rational’ within the given context? Analysis of this problem 
should, to my mind, convince the conflicting sides that the notion 
of ‘incommensurability’ is in itself an artificial construct, perform­
ing a rather psychological function of prompting philosophers and 
methodologists to look for a more ‘realistic’ conception of scien­
tific rationality, irreducible to pure logic. And this is the kind of 
search which could unite even the hardiest opponents, through the 
coincidence of their ultimate interests and insights.
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Let us now consider the thesis of ‘incommensurability’. Putting 
particulars aside, one can see that it stands upon two principal 
premisses: (i) there is no such thing as a ‘theoretically neutral’ lan­
guage of observation, into which statements of fundamentally dif­
ferent theories could be translated; (ii) such statements relate to 
entirely different objects, even if these objects are designated by 
terms having the same lexical ‘envelope’. Although partisans of the 
‘incommensurability’ thesis are not too eager to talk about ‘mean­
ings’ (Feyerabend calls such talk ‘semantic chatter’),2 I would still 
venture to say that premiss (ii) rests upon the ‘holistic’ concep­
tion of meaning, according to which the meaning of a term is 
defined by its function in a logically and semantically closed sys­
tem. Within such a system, any change, however insignificant, 
leads to a change of meaning of all its terms (K. Ajdukiewicz in 
the thirties called such systems ‘mutually untranslatable’, and it is 
not without ground that some authors point out some conceptual 
affinity between the so-called ‘radical conventionalism’ of K. 
Ajdukiewicz and the contemporary ideas of T. Kuhn and P. Feyer­
abend);3 therefore, if ‘comprehensive’ theories are regarded as 
such systems, then any pair of theories Tj and T2 consists of 
either ‘identical’ theories or ‘incommensurable’ ones. In any case, 
the two theories are ‘compatible’, since no sentence formulated 
within any of them can negate any other.

It is well known that ‘incommensurability’ has been functioning 
as the pivotal point in arguments against the possibility of logical 
transition from Tj toT2; hence the attention to the social psychol­
ogy of scientific communities (T. Kuhn) and P. Feyerabend’s slo­
gan ‘anything goes!’ (reminiscent either of a Biblical quotation, or 
of Karamazov and Smerdiakov’s ‘all is allowed’, or of a compla­
cently utilitarian attitude in the sense of the Russian proverb ‘no 
b poT noneano, to h nonesno’, an approximate equivalent of the 
English ‘all is well that ends well’); hence also the tendency to 
interpret the ‘interplay of factors’ within the ‘external’ and ‘in­
ternal’ history of science as something analogous to the struggle 
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for survival, enacted not by biological species, but by ‘populations 
of concepts’ (S. Toulmin). One may resume the positive thought 
behind all this as follows: if your ‘rational reconstruction’ of the 
history of science aims at subjecting it to a certain scheme of un­
derstanding and presenting it as a process displaying certain imma­
nent trends, continuity, and regularity - so far so good! It would 
be wrong, however, to reduce these immanent trends to elemen­
tary formulae of logical deduction, and to eliminate the concrete 
individuals realizing this process under historical conditions, which 
are also concrete: a theory of scientific rationality in which ra­
tionality is equated with the observance of logical rules is irra­
tional and ahistoric.

Does a single ambiguously formulated thesis justify all this Up­
roar? As a matter of fact, it is for two decades that critics have 
been refuting the concept of ‘incommensurability’. Naturally, the 
task is best fulfilled through the demonstration of the falsity of 
the premisses on which the concept rests. Some authors try to 
show that the ‘theory-ladenness’ of the language of observation is 
not an insurmountable obstacle, since it is possible at any time to 
single out ‘theoretically independent’ measurements and observa­
tions enabling us (for any given pair of juxtaposed theories) to de­
termine the preference of one theory over another.4 Some say 
(and rightly so, one should concede) that the ‘holist’ conception 
of meaning cannot be applied to the actual scientific theories of 
the present and the past.5 Other authors assert that appealing to 
social and psychological factors means ‘disseminating vulgar sociol­
ogy’ and comes from elementary logical incompetence (which is 
blatantly untrue).6 Serious criticism and frivolous attacks, refuta­
tions and redefinitions follow one another, and yet the hazy and 
repeatedly refuted thesis of ‘incommensurability’ continues to at­
tract the attention of philosophers and methodologists with very 
different views. Ineradicalibility of a myth? A revival of Scholas­
ticism? Or is here a strong feeling at work, one that doubts con­
cerning the universal acceptability of the traditional views on the 
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problems of scientific rationality could not be eliminated even if 
arguments in favour of ‘incommensurability’ were shown to be 
built of sand?

Does not the feeling we have mentioned provoke the numerous 
attempts to demonstrate that the scientist’s choice remains in a 
sense rational even if the ‘incommensurability’ thesis is true, since 
the reasons for his choice have an objective character, even if they 
cannot be reduced to elementary inferences which are valid only if 
the choice is being made between ‘commensurable’ theories? Such 
is W. Sellars’s and J. Rosenberg’s ‘explanativism’: the criterion of 
choice is the explanatory superiority of one theory over another 
(although there is no consensus as to exactly how this superiority 
should be interpreted).7 Such is N. Rescher’s ‘methodological 
pragmatism’: the rational choice is based on the success of meth­
ods typical of the theories being compared.8 There are proposals 
to ‘measure’ theories on the basis of such criteria as ‘better pre­
dictability’,9 ‘better problem-solving capacity’,10 and ‘syntactic 
and structural advantages of mathematical apparatus’.11 Recently 
J. Sneed and W. Stegmiiller’s approach has become widely known: 
a way towards a rational representation of the process of scientific 
evolution is paved with the help of a ‘non-standard’ (‘non-state- 
ment’) scientific theory model, in the construction of which meth­
ods drawn from set theory and model theory are used.12

Each of these approaches has its values and its handicaps. The 
values are publicized by the authors, the handicaps are quickly dis­
covered by the critics, thus making the polemic thrive. We do not 
intend here to enter the details of the discussion, and we shall lim­
it ourselves to the following observation: participants of the dis­
cussion follow ideas of scientific rationality determined by their 
various philosophical positions. As a matter of fact, what we ob­
serve here is not a contest of different methodological models 
within the same philosophy but a conflict of different philoso­
phies.
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Let us consider for example the attitude of the ‘scientific re­
alists’ and instrumentalists towards the problem of ‘incommensur­
ability’. The instrumentalist will naturally acknowledge a ‘car­
dinal shift of meanings’ in the transition from one paradigmatic 
theory to another. For the scientific realist to assert this is to 
plunge into serious difficulties: since theories describe reality, and 
are not just a means of organizing our experience, or of predicting 
and explaining phenomena, the ‘incommensurability’ thesis im­
plies a plurality of ‘realities’ hardly acceptable to ‘scientific real­
ism’. Looking for a compromise, the ‘scientific realists’ sometimes 
say that ‘incommensurable’ theories should be treated as comple­
mentary pictures of one and the same Reality. But, first, if we 
favour the opinion that each theory ‘projects’ its own ontology, 
then the claim that different theories relate to the same world of 
objects becomes unprovable (such ‘metaphysical’ realism is re­
jected by many ‘scientific realists’).13 Secondly, the question of 
the relative validity of different ontologies tends to turn into the 
problem of theoretical truth. It is here, to my mind, that ‘scien­
tific realism’ has its Achilles’ heel, being condemned to try again 
and again to solve the problem in terms of the correct usage of 
language within a given theoretical system, discarding as a ‘meta­
physical prejudice’ any suggestion of a direct adequacy between a 
theory and the World (one should point out here that for some 
obscure reason, this adequacy is always treated in terms of the 
naive ‘correspondence’ theory of truth). This inevitably leads to an 
assertion of the plurality of truth,14 which is very close to the 
same conclusions as are to be derived from the ‘incommensurabil­
ity’ thesis, the first of these conclusions being the impossibility 
of the rational reconstruction of a transition from theory to the­
ory.

Such conclusions would evidently destroy the foundations of 
‘scientific realism’ and would make it indiscernible from both 
moderate instrumentalism and outspoken relativism. In order to 
mend matters, H. Putnam has proposed a reformed theory of 
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meaning: a relatively stable ‘nucleus’ is singled out within the 
complexity of meaning components, representing what is common 
in all the ‘correct usages’ of the term, against the relatively labile 
‘belt’ of pragmatic components; the ‘nucleus’ is the ‘centre of con­
vergence’ to which changing meanings are attracted in the course 
of history. Such convergence, Putnam says, is synonymous to sci­
entific progress (‘convergent realism’).

The ‘nucleus’ of the meaning as proposed by H. Putnam is of 
course no more than a ‘shy analogue’ to the ‘objective reality’, 
conceived of in C. Peirce’s sense as the ‘regulative ideal’ of knowl­
edge, the latter being an infinite process satisfying the rules of sci­
entific methodology. Such a conception is obviously liable to crit­
icism from the position of dialectical materialism. But I would 
like to point out another side of the matter. The conception of 
meaning proposed by H. Putnam must inevitably appeal to the his­
tory of the formation and development of notions, since only 
through the historical approach is it possible to detect those com­
ponents of meaning which are not discovered through ‘traditional’ 
analysis and which are responsible for the continuous development 
of knowledge.

We are faced here with an interesting and instructive situation. 
Partisans of the ‘incommensurability’ thesis, too, appeal to the his­
tory of science to find justification for their ‘discrete’ image of sci­
ence there. They draw attention to the ‘radical shifts of meanings’ 
which destroy the bridges of logical transition. Now, the ‘scientific 
realists’ seem inclined to say that these shifts only look radical and 
that this illusion comes from the lack of historicity on the part of 
the proponents of ‘historical epistemology’, who compare ‘para­
digms’ divorced from their historical context, force them to figure 
as universal semantically closed systems and discover ‘gaps’ be­
tween them, which can allegedly be bridged only by way of psy­
chological ‘Gestalt switches’. This does away with those compo­
nents of meaning which are actually at work in any given historical 
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situation, organically incorporating subjective features and charac­
teristics.

From this point of view, the inclusion of historically relative 
components into the structure of meaning implies not only a wid­
ening of analytical methods but, which is most important, leads 
to a revision of the traditional understanding of scientific rational­
ity. any explanation of scientific choice must include pragmatic 
and similar components. Now this is exactly what adherents of 
‘incommensurability’ insist upon!

Thus the search for a ‘non-traditional’ theory of scientific ra­
tionality widens the common ground and unites the efforts of 
even the most conflicting trends within contemporary philosophy 
of science. A deficiency they have in common, to my mind, is 
their failure to consciously take into account the achievements of 
dialectical thought, helpful in solving these problems which are 
dialectical in nature (although some efforts, with interesting re­
sults, are being made in this direction);15 hence the constant bias 
in favour of relativism. Let us hope that this bias will be overcome. 
The philosophy of science of the eighties, one would like to be­
lieve, is on the eve of important changes: it is ready topass from 
the piecemeal polemical discussion of problems inherited from 
distant times to the synthetic generalizations which are being pre­
pared not only in the heads of methodologists, but by the very 
essence of the overall scientific and technological revolution of our 
days.

Institute of Philosophy
Academy of Sciences of the USSR
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DAVID PEARCE

THE PROBLEM OF INCOMMENSURABILITY: 
A CRITIQUE OF TWO INSTRUMENTALIST 

APPROACHES1

Contrary to the popular wisdom of the leading epistemologies and 
methodologies of science, the instrumentalist and conventionalist 
tradition has shown itself more sensitive than most to the prob­
lems of intertheory relations, especially to the intricacies of 
translation and commensurability. One might well argue that this 
has given it an edge in dealing with the awesome business of the 
growth of knowledge and in trying to give scientific progress a ra­
tional complexion. Epistemological and scientific realists, on the 
other hand, are apt to look askance at questions of logical com­
parability. They tend to ignore or at best underestimate the issue 
of intertheory translation, by postulating semantic or ontological 
stability and conceptual continuity in the development of science. 
Sometimes they dismiss the very issue of the logical comparison of 
frameworks, theories and conceptual schemes as being founded on 
a pseudo-problem.

Not all realists, of course, follow this line of approach. Paul 
Feyerabend made realism a precondition for facing up to the con­
sequences of the incommensurability thesis and for accepting his 
‘methodology’ of theory proliferation. Ilkka Niiniluoto has com­
bined realism with a sophisticated and subtle account of concep­
tual change and intertheory relations. But two of the most cele­
brated champions of realism in epistemology and the philosophy 
of science — Karl Popper and Donald Davidson — have penned 
harshly-worded manifestos that warn against the myth of the 
conceptual framework”.2 They each produce brusque, no-non­
sense arguments for the classic, realist view that the truth of our 
theories is determined by the way the world is, not by our choice
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of language or conceptual scheme. And the thesis is accompanied 
by a solid antirelativist reminder that the world is one, not many.

Instrumentalists, at least since the last century, have adopted a 
different stance. Frequently under the influence of Kant’s philo­
sophy, they have looked much more favourably on the view that 
truth is co-determined by language and a product of our mode of 
conceptualization as much as it is a feature of reality. The ‘moder­
ate’ conventionalism of Duhem and Poincare, in particular, focus­
sed on questions of conceptual comparison, and the intertrans- 
latability and equivalence of different laws and theories. Where 
they saw problems of comparability and communicability as es­
sentially solvable, conventionalists of a starker breed, like Le Roy 
and Ajdukiewicz, remained sceptical. They upheld radical claims 
of non-translatability that can be reckoned as ancestors of the 
modem incommensurability thesis. We can even sketch out the 
shadow of a line connecting the conventionalist tradition with 
Kuhn’s epistemology; a line that passes through the work of 
Ludwig Fleck which exerted such a striking influence on Kuhn.3

Kuhn is, I believe, correct in maintaining that the problem of in­
commensurability turns crucially on the issue of intertheory trans­
lation. He is also right in claiming that the problem does not van­
ish under the scrutiny of philosophical criticism, of the realist sort 
just alluded to, or any other kind. It will not dematerialize, in fact, 
until questions of translatability are squarely faced. Even then, the 
problem will not be resolved at a stroke; though it can, I think, be 
gently remedied, one case at a time.

Despite the current dominance of the realist view of science, 
some pervasive forms of instrumentalism have lately established a 
following amongst methodologists. The conception of science as 
a problem-solving rather than truth-seeking activity is one such 
brand of instrumentalism to have gained a certain foothold. Its 
leading light is Larry Laudan. A second approach with instrument­
alist affinities is the structuralist view of theories, developed by 
Joseph Sneed and taken up with a vengeance by Wolfgang Steg- 
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muller. At first sight the two philosophies have little in common. 
One is predominantly historical, the other chiefly formal in em­
phasis. But each has proposed a novel ‘solution’ to the problem of 
incommensurability, and their responses draw to a large extent on 
their own particular type of instrumentalism. I argue in this essay 
that their solutions are erroneous because, unlike their instrumen­
talist forefathers, they neglect the central issue of intertheory 
translation. My arguments do not appeal to realism, nor do they 
imply that the realist view is better equipped to tackle the prob­
lem of incommensurability. On the contrary, I hope that some 
healthy criticism may help to strengthen the instrumentalist ap­
proach.4

It is important at the outset to realize that neither Laudan nor 
Stegmiiller embraces instrumentalism in the strict sense of the 
word, such as Popper characterized and condemned.5 Neither of 
them explicitly renounces the concept of truth in connection with 
scientific theories. And, indeed, one may surmise that they con­
ceive of truth in roughly the classical, semantical sense. Laudan’s 
instrumentalism has a methodological tinge. His claim is not that 
scientific laws and theories cannot be true-or-false, but that truth 
is not intrinsic to the aim of science, and ultimate or absolute 
truth is not the rational end-point of inquiry. The progress of sci­
ence is measured rather by the ability of its theories to solve prob­
lems; that they may or may not achieve greater verisimilitude is 
quite beside the point. Stegmiiller’s instrumentalism, on the other 
hand, is embodied in his conception of what a scientific theory is. 
A theory is not a set of true-or-false propositions, because it does 
not consist of propositions at all. A theory, for Stegmiiller, is a 
mathematical structure of a certain sort, together with a class of 
‘empirical’ domains where the structure can be applied to make 
predictions and solve problems. Thus, it is not that he assigns no 
descriptive function to the abstract elements of a theory, rather 
this function is allocated not to individual sentences (or even sets 
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of sentences) but to the structure as a whole and its relation to its 
field of application.

Not being instrumentalists of the hardened kind, Laudan and 
Stegmuller make no attempt to sidestep the problem of incom­
mensurability by antirealist measures of the sort that Feyerabend 
has scorned: distinguishing observational from theoretical terms 
and construing all theories with observational overlap as commen­
surable. All terms, for Laudan and Stegmuller, are impregnated 
with theory. The former’s ‘empirical problems’ and the latter’s 
‘non-theoretical terms’ are specified in a context-or-theory-de- 
pendent way. It is true, of course, that Laudan believes that as a 
rule rival theories always share some empirical problems that can 
be characterized independently of their respective research tradi­
tions (though they need not be free of all theoretical commit­
ment). But this is a part of his response that is better passed over 
in silence. At the same time, Laudan’s and Stegmiiller’s ‘solutions’ 
to the problem of incommensurability have evident instrument­
alist origins. Here is a brief summary of their claims.

Laudan: If scientific progress is a matter of increasing the num­
ber and quality of solved problems, two rival research traditions 
do not have to be conceptually related in order to determine 
which of them is the more progressive. The problem-solving effec­
tiveness (PSE) of each can be ascertained ‘internally’ and auto­
nomously, and the numerical results compared. This is quite suf­
ficient for a cognitive index of rationality, and no piecemeal cross- 
theoretical comparison of concepts, laws and problems (such as 
would be difficult or impossible in the case of incommensurabil­
ity) is required.

Stegmuller: If we hang on to the idea that theories are sets of 
sentences, we shall have to concede that, in the case of a revolu­
tionary change of theory, incommensurability may result because 
the sentences of one theory need not be translatable into the lan­
guage of the other. The ensuing lack of rational comparability 
ceases to be a problem, however, if we view theories as structures 
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of a certain sort. Their cognitive comparison and appraisal is then 
feasible because structures can be canonically related where sen­
tences cannot. In fact, we should find that in a successful revolu­
tionary change the older theory will be (structurally) reducible to 
the theory that replaces it. And this sets the growth of knowledge 
in a rational light.

Both these claims are radical. Laudan’s because, by divorcing 
progress from truth, it claims that a rational choice of theory need 
not be based on truthlikeness or content. In particular, in the ap­
praisal of competing theories a comparison of their conceptual and 
empirical content is irrelevant. Stegmuller’s strategy is, if anything, 
still more radical, since it reinterprets the basic categories of ‘the­
ory’, ‘paradigm’ and ‘reduction’, and so redefines the metascien- 
tific paradigm in which incommensurability and non-translatabil- 
ity posed a cognitive threat. Whilst Laudan demands only com­
parability of progressiveness, Stegmiiller asks for comparability of 
concepts and content, too; though the meaning of these notions 
has meanwhile altered.

The solutions proposed are striking and ingenious. Why do they 
not succeed? What if anything do they overlook that makes them 
unacceptable even against their own, instrumentalist background? 
In the case of Laudan, we have a response to incommensurability 
reminiscent of Feyerabend’s own position. Feyerabend also holds 
that whereas incommensurability rules out a comparison of the 
theories’ content, other forms of comparison are admissible; in­
cluding, notably, the number of their solved problems. But the dif­
ference in other respects between Laudan and Feyerabend makes 
all the difference. Feyerabend is content to settle for weak stand­
ards of comparability in order to bolster his own pluralistic meth­
odology and the attitude of ‘anything goes’. He requires, there­
fore, no unified theory of progress applicable impartially to dif­
ferent epochs and varying disciplines. Laudan does. His model of 
progress employs a monistic methodology, designed to provide a 
unified account of rational scientific growth. The account is, of 
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course, liberal in allowing differences in individual conceptions of 
rationality among the separate research traditions. To this extent 
Laudan’s view is also relativistic; but his relativism is contained at 
the Tower’ level of theories and research traditions and does not 
intrude into the ‘higher’ level of methodologies. Consequently, his 
handling of incommensurability does not mesh with the general 
aims of his theory of progress.

The reason for this failure is easy to detect if we consider for a 
moment Laudan’s analysis of PSE. This progress-count is supposed 
to be determined for any research tradition by taking a weighted 
aggregate of the solved empirical problems, subtracting a weighted 
aggregate of the anomalies, and negatively adjusting the total by a 
suitable factor representing unsolved conceptual problems. The 
weights assigned to problems and anomalies are decisive here; for, 
the solution of relatively few significant problems may have a far 
higher value than the ability to answer a host of problems of mi­
nor importance. But, not only are problems unequally weighted, 
one and the same problem may carry different values in the con­
text of different research traditions. This looks like an intolerable 
degree of relativism, since it seems to imply that even giant succes­
ses achieved by one tradition could be utterly devalued by a rival. 
Balance can only be restored, I think, if we assume that rival re­
search traditions generally compete to solve a large range of com­
mon problems which they value in roughly the same proportions. 
They should also agree on some shared standards for evaluating 
the adequacy of problem solutions, otherwise each can lay claim 
to successes that the other refuses to recognize. With this proviso 
it may make sense to compare for their progressiveness two re­
search traditions that compete in a given field. Numerical measures 
of PSE may mean little by themselves, but the comparison may be 
informative.

But suppose that two incommensurable theories or research tra­
ditions are alone in vying for allegiance in a given field. They can 
share no problem solutions nor anomalies. It is unclear, too, how 
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the successes of one could be the anomalies of the other, if their 
problem domains are distinct. Moreover, if they are incommensu­
rable in Kuhn’s sense, their way of posing problems and evaluating 
solutions will be different. In this situation a comparison of PSEs 
would be like a comparison of the birth rate in Japan with the in­
flation rate in the UK. We could look at the figures, draw graphs, 
apply statistical regressions, and maybe even correlate the results; 
but the exercise is never likely to be more than a meaningless ma­
nipulation of numbers. Under these circumstances, therefore, a 
calculation of relative progressiveness cannot be a ground for ra­
tional choice; and at this point Laudan’s theory of progress and ra­
tionality is severely undermined. There seems no other conclusion 
but that the theory folds under the assumption of incommensura­
bility.6

Stegmiiller’s theory stumbles over ground of a different kind. Its 
chief flaw is to suppose that we might slip smoothly into a new 
metascientific paradigm and cast aside with no regrets the recalcit­
rant problems of our old ways of thinking. The reason we cannot 
is not due simply to stubbornness and an entrenched philosophical 
conservatism, though I admit that methodologists no less than sci­
entists tend towards over-attachment to their favoured research 
traditions. The problem in Stegmiiller’s case is that we lack con­
vincing grounds for making the switch at all.

The structuralist view of theories over-reaches itself on one deli­
cate point that is crucial to the whole argument on commensura­
bility. It is the point at which it invites us not merely to take 
structures seriously, but to renounce all interest in language. The 
first piece of advice is well-meaning and unobjectionable. We have 
known at least since von Neumann’s analysis of quantum theory 
and Suppes’s work on particle mechanics that a serious study of 
structures may enlighten and inform. The structural perspective, 
set alongside the linguistic one, is a valuable addition. But the 
study of structures was never intended to replace the study of sci­
entific laws as statements; why should it? In model theory sen­
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tences and structures live together in perfect harmony; which is 
hardly surprising since the central task of model theory is to de­
scribe the interplay of the two. In Stegmiiller’s structuralism, how­
ever, we are compelled to divide the happy marriage of syntax and 
semantics. It is a sad divorce all round, and so much the worse for 
us, because the couple are truly inseparable and we are left with a 
poorer not a richer view of science.

What does the new paradigm offer us in return? It promises, in 
the first place, a fresh perspective on intertheory relations and, as 
a consequence, a clearer grasp of scientific change as a rational, 
well-founded process. But by whose criterion of rationality? The 
structuralist, of course. How can we compare the two to find out 
which we should prefer? Perhaps the answer is that we cannot. 
Perhaps the two paradigms are incommensurable and to that ex­
tent not rationally comparable. But this state of affairs would be 
disappointing indeed. We would be asked to switch allegiance to 
a new metascientific research tradition at least partly on the 
grounds that it resolved certain problems of scientific appraisal, 
rationality and commensurability, only to be faced with similar 
difficulties of comparability and choice among metatheoretical 
frameworks. Hardly a convincing premiss on which to build an 
argument, and probably not the kind of footing on which struc­
turalists themselves would like to stand.

Let us then pursue the more plausible response that the two 
paradigms are commensurate and their conceptions of rationality 
are themselves rationally comparable. We can assess what the new 
approach offers us and judge the fruits. The first thing we would 
have to accept, if we buy the structuralist package, is a revised ex­
plication of intertheory relations like reduction; the new theory of 
scientific evolution hinges decisively on this. We may find some re­
sistance here, because the new explication departs radically from 
tradition. In particular, it requires that we rescind our standard in­
tuition that no member of a pair of incommensurable theories is 
reducible to the other. So we suspend, temporarily, our intuitions 
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and keep an open mind. We also agree to entertain the possibility 
that intertheory explanation and reduction might be characterized 
independently of any relations of translatability and inference that 
might hold between scientific laws. We might even go the whole 
hog with structuralists and agree that their explication of reduc­
tion is, in its own terms, an adequate one. Would this be sufficient 
for believing the problem of incommensurability resolved?

Obviously not, because a vital part of the argument is still mis­
sing. We still need to be sure that if two theories are rationally 
connected, say by reduction, in structuralist terms, they might 
nevertheless be incommensurable in our terms. It will not suffice 
to indicate what reduction amounts to in the structural sense, we 
also have to show what the same relation does not entail at the 
level of language. The problem should certainly have an answer. If, 
as we supposed, the two metascientific paradigms are comparable, 
then a concept defined in the structuralist framework will have a 
more or less precise meaning when the linguistic dimension of the­
ories is taken into account. Indeed it has. And I am afraid that the 
result looks anything but favourable for the structuralist theory. 
To put the point in a nutshell, a structuralist reduction relation 
implies the presence of a translation and even a logical inference 
between the related theories. Thus it scarcely supports the thesis 
that they might be incommensurable.

This is the conclusion, at any rate, that I have reached. I have 
argued for it at length, and on several occasions, so I shall spare 
the reader a repetition of the details here.7 Of course, no conclu­
sion of this kind can be proved beyond doubt. A comparison of 
metatheoretical frameworks, like an analysis of relations between 
scientific theories, requires assumptions some of which may be 
debatable. And ‘incommensurability’ is itself a slippery concept. 
But in this case I think that the ‘evidence’ is just about as incon­
trovertible as it can ever be. Structuralists are naturally reluctant 
to concede this point, and Wolgang Balzer has argued vigorously in 



394 DAVID PEARCE

their defence. But this has achieved little except to compound old 
confusions with fresh ones.8

The new structuralist response to the problem of incommensu­
rability is roughly this: To establish the commensurability of two 
theories, a translation between their languages would have to satis­
fy certain, precise conditions; but these conditions are not general­
ly fulfilled by the kind of translation, if any, that a structural re­
duction relation induces. It follows that we can use the concept of 
reduction to obtain a cognitive connection between theories that 
are linguistically incommensurable. This is surely clutching at 
straws. To begin with, this answer virtually concedes wholesale the 
main point of my argument which was to show that in analyzing 
questions of commensurability and reduction we need model theo­
ry in the full sense (rather than only structures) besides an ade­
quate account of translation. The introduction of an irreducible 
linguistic component in the shape of syntactic translation is far 
more than a minor adjustment to the structuralists’ framework. It 
masks a very basic change of their paradigm. The chief grounds in 
favour of structuralism were that it allowed one to forgo logic and 
language, settle for a simpler and supposedly more accurate rep­
resentation of theories and, in so doing, resolve many of the phil­
osophical disputes over the rationality of scientific progress. All 
this is now repealed at a stroke with the admission that commen­
surability questions must be tackled by means of intertheory 
translation after all.

It is also, I believe, questionable whether an exact definition of 
(in)commensurability in terms of translatability conditions would 
serve any purpose. It is valuable, of course, to know what kind of 
translation, if any, links the languages of two rival theories. And 
it makes sense to classify translations of different types and inves­
tigate what degrees of logical contact they establish; this is essen­
tial for appraising rational choices. But to suggest that translations 
of such-and-such types unfailingly result in commensurability 
where other types do not is, I think, to draw a largely arbitrary 
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distinction of kind where what is really involved is a matter of 
degree. Secondly, such a definition is likely to distort the original 
sense of the term ‘incommensurable’. If we wanted to characterize 
Kuhn’s notion of incommensurable we would have to distinguish 
translations that preserve meaning from those that do not, and I 
fail to see how the structuralist framework can express the dif­
ference. Their definition does not, in any case, seem to capture 
Kuhn’s nor any other reasonable version of what incommensura­
bility consists of.

Though I have argued that Laudan’s and Stegmuller’s accounts 
of progress come to grief over the problem of incommensurability, 
I do not believe that their theories need be abandoned in their en­
tirety. There is a good deal of Laudan’s analysis of research tradi­
tions and problem solving that strikes me as valuable and essential­
ly correct. And the structuralist approach, to its credit, has shown 
how we can begin to get a reasonably precise formal model of the­
ory change off the ground. Where it scores, I think, is in its realiza­
tion that comprehensive scientific systems like classical mechanics 
are best construed as structured networks of interrelated theories 
(so-called ‘theory nets’).9 The idea is familiar, of course, in ordi­
nary textbook treatments of mechanics. One is presented with 
some basic laws or equations that are fundamental to the research 
tradition in question (Newtonian, say, or relativistic). The laws are 
then further extended and elaborated to solve empirical problems 
in specific domains. ‘Special’ equations are devised for this pur­
pose in which particular ‘types’ of forces, together with physical 
constants and boundary conditions appropriate to the domain, are 
characterized. Each problem domain (or set of structurally similar 
domains) is thus covered by a certain theory in the tradition; and, 
looked at globally, the tradition consists of an interconnected 
complex of theories all sharing some common primitive terms and 
assumptions.

Though structuralists are wobbly over some of the details about 
how such networks of theories could be characterized, the basic 
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approach is worth developing. In fact, the kernel of a scientific re­
search tradition in Laudan’s sense can, I think, be reconstructed as 
a theory complex of roughly this kind, which I call an ‘ensemble’. 
When the fine structure of a research tradition is exhibited in this 
way, and the various problem domains distinguished, we can mod­
el the problem-solving process more exactly and compare different 
research traditions for their problem-solving effectiveness.

The role of translation is fundamental here. Unlike Laudan, I do 
not hold that to establish a degree of commensurability between 
two research traditions one should be able to isolate a class of 
shared problems each member of which can be described inde­
pendently of all the theories of the traditions in question. What 
seems to be essential for problem sharing is that a statement which 
expresses a given problem in the context of one of the traditions 
has an acceptable translation into the language of the other. This 
may occur, for example, if some of the theories belonging to one 
of the traditions are in correspondence with counterpart theories 
from the other; the correspondences being defined through a 
combination of syntactic translation and model-theoretic correla­
tions.

This way of casting the logical relations between research tra­
ditions (or between their formal analogues, the theory ensembles) 
does more than merely highlight the extent of their comparability 
and commensurability. It is a first step in the direction of being 
able to determine when a given problem solution within one re­
search tradition is successfully transferred into the framework of a 
rival. Thus it enables us to keep track of that common pool of 
problems adequately solved by both traditions which is basic to 
the calculation of their respective PSEs. Likewise it gives us a grip 
on their anomalies. It is insufficient to maintain, along with Lau­
dan, that an anomaly for a given research tradition T is simply an 
unsolved problem that has been answered by a rival tradition. To 
know that a problem is anomalous for T we first have to ascertain 
that it is recognized by T as a bona fide problem and, moreover, 
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that the solution proposed by T’s competitor is from T’s stand­
point successful. A problem solution that cannot be translated in­
to the framework of T, or a solution that under translation is seen 
to be inadequate because it fails to meet certain standards of ac­
curacy or because it contains premisses that clash with some fun­
damental tenet of T can hardly be treated as an anomaly for that 
tradition. However, the logical relations between the ensembles re­
presenting T and its rival should clarify precisely when these con­
ditions are met, namely when the translated problem solution is 
‘meaningful’ for T and therefore potentially anomalous for it.

I cannot enter here into any discussion of how these suggestions 
can be worked out in detail. Elsewhere I have given, with Veikko 
Rantala, an outline of a formal model that incorporates some of 
the central features of research traditions and analyzes some of the 
questions of comparability, translatability and problem solving 
just touched upon.10 That work is tentative and still at an explora­
tory stage, and a general account of scientific progress is some way 
off. My remarks here are intended as a reminder to instrumen­
talists like Laudan and Stegmiiller that by passing over questions 
of translation their theories remain essentially incomplete and 
their accounts of rational growth in science stray off course. I have 
hinted at some of the ways in which a proper analysis of interthe­
ory translation could lead to a more adequate theory of scientific 
progress. I see that theory, if it were to be further adumbrated, as 
substantially instrumentalist in tone. It would, I think, share with 
Laudan’s a methodological instrumentalism that focusses on the 
problem-solving, question-answering aspects of scientific inquiry. 
Like Stegmiiller’s, it would conceive the central metascientific con­
cepts in structural, though not structuralist, terms. It would not, I 
imagine, share Stegmiiller’s particular variety of semantic instru­
mentalism, but the label ‘realism’ would probably not apply to it 
either.

Freie Universitdt Berlin
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NOTES

1 Though they both share ‘incommensurability’ as a central theme, this paper differs 
from the one I read at the 5th Joint International Conference on the History and Phil­
osophy of Science in Veszprem. The final version of the latter grew too long to be 
included in the Conference Proceedings; it has appeared instead in my Roads To Com­
mensurability, Reidel, Dordrecht 1987. Most of the points raised in the present essay are 
dealt with in greater detail in that book.
2 Notably in Popper’s ‘Normal Science and its Dangers’, in I. Lakatos and A. Musgrave 
(eds), Criticism and the Growth of Knowledge, Cambridge Univ. Press 1970, and in 
Davidson’s ‘On the Very Idea of a Conceptual Scheme’, reprinted in Inquiries into Truth 
and Interpretation, Clarendon Press, Oxford 1984.
3 For a history and critical analysis of tire conventionalist epistemology and methodol­
ogy of science, see J. Giedymin, Science and Convention, Pergamon Press, Oxford 1982. 
The importance of the conventionalist tradition for the genesis and evolution of Fleck’s 
ideas is the subject of Giedymin’s ‘Polish Philosophy in the Inter-War Period and L. 
Fleck’s Theory of Thought-Styles and Thought-Collectives’, in R. S. Cohen and T. 
Schnelle (eds), Cognition and Fact-Materials on Ludwig Fleck, Reidel, Dordrecht 1985.
4 The positions of Laudan and Stegmiiller that I ciriticize are those represented in L. 
Laudan, Progress and its Problems, Univ, of California Press 1977, and in W. Stegmiiller, 
The Structure and Dynamics of Theories, Springer Verlag, New York 1976, and The 
Structuralist View of Theories, Springer Verlag, New York 1979.
5 For example in K. Popper, ‘Three Views Concerning Human Knowledge’, reprinted in 
Conjectures and Refutations, RKP, London 1963.
6 The only alternative to this conclusion would seem to be that rationality cannot be 
identified with progressiveness; but to accept this would require a major shift of position 
on Laudan’s part; see my ‘Research Traditions, Incommensurability and Scientific Pro­
gress’, Zeitschrift fur allgemeine Wissenschaftstheorie 15 (1984), 261-271.
7 See my ‘Stegmiiller on Kuhn and Incommensurability’, Brit. J. Phil. Sci. 33 (1982), 
389-396; and ‘Logical Properties of the Structuralist Concept of Reduction’, Erkennt- 
nis 18 (1982), 307-333.
’ See W. Balzer, ‘Incommensurability, Reduction and Translation’, Erkenntnis 23 
(1985), 255-267 and my ‘Incommensurability and Reduction Reconsidered’, Er­
kenntnis 24 (1986), 293-308.
’ See especially W. Balzer and J. D. Sneed, ‘Generalized Net Structures for Empirical 
Theories’, I and II, Studio Logica 36 (1977), 195-211, and 37 (1978), 167-194.
10 See our ‘Constructing General Models of Theory Dynamics’, Studia Logica 42 (1983), 
347-362, and ‘Scientific Change, Continuity and Problem Solving’, Philosophia Na- 
turalis 21 (1984), 389 399 and my Roads To Commensurability, op. cit.
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SCIENTIFIC CHANGE AND COUNTERFACTUALS

According to an earlier and widely-held view of scientific change, 
a scientific theory is conceptually and deductively connected with 
its predecessor; the earlier theory is reducible to the later one. 
Very influential was E. Nagel’s suggestion that the laws of the re­
duced theory can be derived from those of the reducing theory 
together with auxiliary assumptions, which may contain rules con­
necting the languages of the two theories. In this way the reducing 
theory explains the reduced one. This view has been challenged by 
several critics, however. It has been objected, for instance, that the 
two theories can be incompatible, whence the derivation or ex­
planation can only be approximate or limiting; or that the aux­
iliary assumptions are counterfactual or incompatible with the re­
ducing theory, whence the explanans is false or contradictory; or 
that the two theories are incommensurable, whence there is no de­
ductive or conceptual relationship between them. This criticism 
has resulted in a number of refined and modified notions of re­
duction, such as approximate reduction, structural models of re­
duction, models using idealization and factualization, etc., which, 
however, have also been subjected to criticism.

Glymour (1970) suggests a counterfactual model of reduction 
to handle these controversial cases: “One does not explain one 
theory from another by showing why the first is true; a theory is 
explained by showing under what conditions it would be true, and 
by contrasting those conditions with the conditions which actually 
obtain.” A counterfactual account may help one to understand an 
intertheory relation involving incompatible or contrary-to-fact as­
sumptions. Sor far no counterfactual approach has been analyzed 
in explicit and sufficiently general terms, however. Therefore it is 
questionable whether such an account has actually increased our
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understanding of the situation, and whether it, after all, differs in 
any essential sense from the derivational and explanatory accounts 
or is less obscure.

In earlier papers by David Pearce and myself, generalized and 
exact notions of theory and intertheory relation have been intro­
duced and applied to actual scientific theories (e.g., Pearce and 
Ran tala 1983a and 1984abc). In particular, by using a generalized 
notion of logic and concepts from general model theory and non­
standard analysis, a simple and natural construal of limiting-case 
correspondence has been offered, which, as it is claimed in Pearce 
and Rantala (1985), conforms to the explanatory and derivational 
pictures of intertheory reduction and at the same time lacks the 
difficulties involved in the earlier accounts. In Sections 1—2, be­
low, I shall recapitulate this account without any comments; for a 
more comprehensive discussion, I refer to our papers mentioned 
above. In Sections 3—4, I shall show that this account offers us a 
way to develop a counterfactual model for limiting-case corre­
spondence. That is, on its basis it is possible to obtain an exact 
counterfactual analysis, in the sense of Lewis (1973), for the 
revolutionary scientific change. It can be seen, then, that the 
explanatory account of revolutionary scientific change goes 
together with the counterfactual one. As soon as suitable meta- 
theoretic tools are used to explicate the situation, it can be seen 
that the latter is not just a way to compensate the failure of the 
former.

1. CORRESPONDENCE RELATION

A theory is regarded as a structural entity to which syntactical, 
empirical, and other relevant considerations are applicable. More 
precisely, a theory in this sense is a structure

T = <t, N, M, R> 
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where (i) r is a similarity type in the sense of general model the­
ory (i.e., a set consisting of a vocabulary and sorts for domains of 
individuals); (ii) N is a collection of models of type r; (iii) M £ N; 
(iv) R is a collection of appropriate relations holding between 
models in N and their individuals (see Pearce and Rantala 1984a); 
(v) the collections N, M, and R are set-theoretically definable (in a 
relevant metatheory); N and M are definable in an appropriate log­
ic L, that is, they are L-elementary classes.

Any model m e- M is a model of T. Any logic like L is called 
adequate for T. L (and the other adequate logics) is a logic in 
which e.g. the axioms of T defining M can be formulated, that 
is, they can be expressed by means of sentences belonging to 
SentL(r), the set of all L-sentences of type t .

Let T=<t, N, M, R> and T’=<f N’, M’, R’> be two the­
ories and let L and L’ be two logics such that L is adequate for T 
and L’ adequate for T’. Then a correspondence ofl to T’, relative 
to < L, L’ >, is a pair < F, I > of mappings

F;K’OntoK (K £ M, K’£ M’; K^0, KV0),
I: SentF( *) —►SentL, (r ’)

such that K is definable in L and K’ in L’, and F and I are truth 
preserving in the sense that for all me K’, <pe SentF( r),

F(zn) kL <pom hL. J(<p).
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F is called a stuctural correlation and I a translation. If L=L’, the 
correspondence is called relative to L.

It is said that < F, I > is a Umi ting(-case} correspondence if K’ is 
a class of non-standard models of T’, satisfying appropriate finite­
ness conditions, and for all tneK', F(/n) is a. standard approxima­
tion of m. In ordinary quantitative cases, a model of a theory is 
called non-standard if its ‘mathematical part’ includes non-stand­
ard analysis, in the sense of Abraham Robinson; otherwise stand­
ard. But this notion can be generalized for arbitrary theories. That 
F(/n) is a standard approximation of m means, roughly, that it is 
a standard model which is ‘very close’ to m. No precise definitions 
can be given here (for them see Robinson 1966; Bell and Machover 
1977; Pearce and Ran tala 1984a).

Relations in R and R’ may also play a role in a correspondence, 
in particular, if they are symmetries. But as this feature is not 
needed in the present paper, they will not be discussed here (cf. 
Pearce and Ran tala 1983b, 1984a).

2. CORRESPONDENCE AND EXPLANATION

Let T and T’ be two theories and let <F, I>be a correspondence 
of T to T’ relative to <L, L’>, as indicated above. Let

M = Mod (0)
M’ = Mod^,(0)

K’ = Mod^X®’, Oq, ..., an).

Here <r0, • • •, cn are the auxiliary hypotheses (‘bridge assumptions’, 
‘boundary conditions’) needed. Then it follows immediately from 
the definition of correspondence that

(1) 0’,ao,.. ,,(rnkL. 1(0).
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Thus, even though the respective scientific change, represented by 
the correspondence in question, were revolu tionary, it may hap­
pen that the new (supplanting) theory explains the old (sup­
planted) theory in the sense of D-N explanation; we may roughly 
say that the new theory together with some additional conditions 
logically implies the translation of the old one. (This is, of course, 
a semantical version of D-N explanation; cf. Pearce and Rantala 
1985.)

Whether (1) really yields an adequate explanation of the old 
theory depends on several aspects: how natural the bridge assump­
tions are, how effective the translation is, how workable the logic 
is, and so on. But in any case, this schema indicates that even in a 
radical change some amount of continuity may obtain (cf. Pearce 
and Rantala 1984b).

If, in particular, <F, I> is a limiting-case correspondence, one 
of the conditions is assumed to be the respective contrary-to- 
fact limit condition, e.g. that the velocity of light is infinite, in 
the case of CPM/RPM, or that the masses of the planets are infi­
nitesimal, in the Kepler-Newton case, etc. Let it be a0; if we 
denote it now by <p, we have:

(2) . .,<7n,<pl=L.I(0).
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3. BACKING A COUNTERFACTUAL

Before advancing to a possible-worlds analysis of counterfactuals 
in correspondence, let us study how such a counterfactual is sup­
ported by the argument (2), in the sense of Nelson Goodman 
(1947). This feature of (2) shows nicely how intimately interthe­
ory explanation and counterfactual change may go together. It 
also yields some heuristic advice.

Consider first an arbitrary counterfactual

(3) (pa-ki/,.

It is said that this counterfactual is backed by a valid argument

(4) Zi....... K,<P
•A

where the line indicates a logical inference of some kind, if each 
Xi is true and cotenable with V (see Goodman 1947; Lewis 1973). 
What it means to say that a statement X is cotenable with V can 
be explained in terms of possible worlds, but intuitively it means a 
kind of ‘strong’ compatibility of X with V : X is ‘necessarily true’ 
to the extent to which it is needed in order that it be compatible 
(jointly satisfiable) with <P. This can also be expressed as follows: 
X and <P are both true on some given occasion and X is true on 
every occasion that is ‘closer’ to the ‘actual’ occasion than the 
given one is.

In applications of the above reconstruction to actual cases of 
limiting-case correspondence, the assumptions , ...,a„ are gen­
erally conditions on non-standard models of T’ saying that these 
models should resemble in certain respects ‘well-behavea’ standard 
models as much as possible; and they are true in such standard 
models. This suggests immediately that they might be cotenable 
with the limit condition, since, furthermore, they are compatible 
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with V. This, in turn, suggests that the argument (2) is backing the 
counterfactual

(5) <pu-»I(0)-

But according to Lewis’s analysis of counterfactuals, (3) is true if 
there exists an argument (4) backing it. Thus, if it is correct to say 
that the D-N explanation schema (2) is backing (5) in a limiting­
case correspondence, it follows that this counterfactual is true. It 
can be shown that this is really the case in many (reconstructed) 
instances of limiting-case correspondence between actual scientific 
theories. I shall discuss here only one example, but the other, or at 
least many of the other, cases are similar.

First, however, I indicate briefly how the foregoing can be made 
more precise; I just recapitulate Lewis’s theory (cf. Lewis 1973). 
For simplicity, I consider only propositional logic, expanded by 
the counterfactual operator □-» . Let it be Lo . Let us say that a 
Lewis model for Lo is a Kripke model of the form

<W, w0, R, V>

such that

W is a non-empty set (possible worlds);
woeW (actual world);
R: W^PW (accessibility mapping);
< £ W3 (similarity relation);
y. prop_(valuation), where Prop is the set of all proposi­
tional letters of Lo.

The condition < w, v, u > e X will be denoted by v u and con­
strued as saying that v is at least as similar to w as u is, or that v is 
at least as close to w as u is. It is assumed that ueR(w)and v <„u 
imply that veR(w).
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The truth condition for the counterfactual is now defined as 
follows:

I=w</>d-h/«s»[3ugR(w)(I=11 </>)=> 3ueR(wXI\<p&VveW(v<wu=>fv<p->i/<))]

that is, the counterfactual is true at w iff the material implication 
(P~*'I' holds at every accessible world which is sufficiently close 
to w.

The notion of cotenability can be now defined as follows: As­
sume that a formula (p is ‘possible’ at w e W, that is, that l=u<p 
for some u e R(w). Then X is cotenable with at w if l=vx for 
all v e W such that v Xw u. If <P is not possible at w, then it is just 
required that X is ‘necessary’ at w; that is, thatfuX for all u e R(w).

4. AN EXAMPLE: CORRESPONDENCE OF CPM TO RPM

It can be shown that CPM is in correspondence to RPM in the 
sense defined above (Pearce and Rantala 1984a). In this case the 
sentences of the argument (2) are as follows:

0: the axioms of CPM, containing Newton’s second law plus re­
levant mathematical conditions for the functions involved, 
etc.;

similarly for RPM; contains Minkowski’s force law;

Oi , ...: conditions for the non-standard systems (models) of par­
ticle mechanics involved; saving, e.g., that the relevant ‘physi­
cal’ entities (position, mass, force) are finite, that velocities 
and accelerations are bounded in the standard sense (i.e., 
bounded by some standard numbers), etc.;
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<p: the velocity of light is infinite (or, alternatively, that the ratio 
of the velocity of any particle to that of light is infinitesimal);

1(0): Newton’s second law ‘almost’ holds, that is, it holds with an 
infinitesimal accuracy, etc.

Consider now any standard system of RPM, say w, such that the 
velocities and accelerations of its particles are bounded. Then it 
satisfies the conditions expressed by , ... . It follows that
any relevant and natural similarity relation X in a Lewis model 
whose possible worlds are systems of particle mechanics has to 
have the following property:

(6) If ^u0’,ffi, .. • and v<wu, then kv0’, ■

Such similarity relations are easy to come by. On the other hand, 
there are natural conditions on systems of particle mechanics that 
readily suggest a relevant accessibility relation, such that the con­
dition l=u0’, , ... holds for some u e R(w). For instance, one is
naturally considering kinematical alternatives to a given system of 
particles; then one, of course, keeps the particles fixed; and keeps 
an eye on some other constancy properties concerning kinematical 
entities of the system.

What this discussion now amounts to is that on certain very nat­
ural assumptions each of the conditions 0’,<Ti, ••• in the argument 
(2) - deriving from the correspondence relation between CPM and 
RPM - is cotenable with the assumption that the velocity of light 
is infinite, at any standard system like w, above; this assumption is 
contrary-to-fact at such a system. Thus, on these assumptions, it 
really holds that the corresponding counterfactual (5) is backed by 
the argument; whence it is true at every ‘standard world , so to 
speak, of the kind indicated. So, if the ‘actual’ systems of par­
ticles, ‘actual worlds’, are among such standard systems — as they 
might well be according to the current scientific knowledge - we 
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may say that the counterfactual is true. In discursive terms, this 
counterfactual says, roughly, the following: ‘If the velocity of 
light were infinite, then Newton’s second law would almost hold’; 
or, perhaps: ‘If the velocity of light were infinite, then the mass 
times the acceleration would almost equal the force.’

I would conclude on the basis of these results that even if some­
one did not accept the view that — in a case of revolutionary 
change — an argument like (2) would yield a proper D-N explana­
tion of the supplanted theory by means of the supplanting one, he 
nevertheless might accept the fact that (2) yields a ‘counterfactual 
explanation’, representable in explicit terms.

Academy of Finland, Helsinki
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material, 108
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(cognition continued)
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cognitive goal, 28, 91, 102, 115,

118, 121
cognitive order, 68
cognitive process, 331, 332, 336,

338
cognitive strategy, 338
cognitive system, 12 15, 17, 18, 24,

338
comparison

cognitive, 389 

conceptual, 386 
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(discovery continued) 
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353
empiricism and rationalism

dichotomy between, 173
Enlightenment, 347, 348, 353
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epistemic claim, 166 168, 172,
176, 177

epistemic community, 119, 121
epistemic goal, 115
epistemological progress, 301
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natural, 5 
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(evolution continued)
social, 23
time-frame of, 82

experience
cumulation view of, 97
and D-science, 30
empirical, 144
everyday, 217
generalizations from, 373
and history of science, 325
immediate, 209
of nature, 68
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physical, 211
practical, 217
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and protophysics, 323, 324
scientific, 324, 325
and scientific know-how, 316
sense, 34
technical, 217
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thought, 202
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causal, 38, 247, 366, 368
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371
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D-N, 403, 405, 407
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model, 372
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functional, 22, 365, 373
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301
as a goal of science, 53
historical, 109
intertheory, 393
macro-, 24
mechanical, 33
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philosophical theory as, 52
and prediction, 36, 37, 41
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94
rational, 11, 63, 360
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scientific, 146, 358
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(explanation continued)
social, 6, 115
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symmetric, 7
synchronic and diachronic as­

pects of functional, 368
synchronic and diachronic type 

of functional, 371
theoretical, 42
of theory change, 301
and understanding, 356
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value-neutral stance of scientific, 

25
externalism, 106, 112, 143, 157, 

193, 194
externalism -internalism debate,

113
externalist thesis, 196

fact
construction, 19
construction of, 175
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of nature, 175
social, 176, 373
theoretical, 110, 118
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274, 276, 278, 365-368
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empirical, 20 
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synthetic, 382 
theoretical, 151

Die gesellschaftlichen Grundlagen 
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und die Manufaktur (Gross­
mann), 193, 195

Gestalt
Model, 299-303, 305-308, 310
paradigm, 295
school, 268, 276, 279
switch, 45, 97, 381

hermeneutics, 328
Hessen-Grossmann thesis, 196- 

198
Historical Materialism (Bukharin), 

103
historical progress, 350
historicism, 52, 347, 348, 351, 352, 

354-357, 363
historicist turn, 327
historicity, 347
historiography, 64
history

Church, 60, 62, 70
of the Church, 62, 63
cognitive, 342
dynamics of human, 329
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(history continued)
having objective pattern, 356, 

357
philosophy of, 349, 350, 352
as progression, 352
purpose of, 350
and rationality, 361
rationalization of, 349, 351
rationalizing of, 350
and reason, 347
of social science, 365
of technics, 325
technocratic-economistic under­

standing of social, 105
and understanding, 372

History and Class Consciousness
(Lukacs), 103, 105

history of science
explanations in, 7
external, 61, 87
external and internal, 377
internal, 61, 62
and progress, 88
rationalist, 62
rational reconstruction of, 83, 

378
and revolutions, 325
social, 193

Horologium Oscillatorium (Huy­
gens), 195

hypothesis
assessment, 50
causal, 40
externalization of, 342

to save the phenomena, 35
scientific, 342
testing, 41

idealism
German, 348, 353
Hegelian, 272

ideology
citique, 174
official, of science, 23
political, 99
of positive knowledge, 19
received, 22

imagery
cybernetic, 333, 334
mirror, 331, 332, 334, 343

incommensurability
as difference of perspective, 299
and non-translatability, 389
of paradigms, 325
problem of, 380, 385-388, 

393-395
of scientific theories, 376
thesis, 381
thesis of, 377, 378

incompatibility
perspectival, 299, 300, 304, 309 

individualism, 86, 328, 353, 359 
inference

apodictic-deductive, 85
chain of, 29
criteria of, 7
deductive, 247, 250, 255, 259
elementary, 379
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finference continued)
inductive, 85
logical, 393
making, 248, 257-259, 261
pattern, 247, 254, 255, 259, 260
patterns of, 254
rationally-justified patterns of, 

247, 262
rules, 261
rules of, 49, 81
schemata, 261
sub-logical, 257
transitive, 256-258, 260
universal patterns of, 248
universally accepted patterns of, 

252
instrumentalism, 53, 283, 309, 315,

327, 344, 380, 386, 387, 397
interaction

between the apparatus and the
micro-object, 334

cognitive, 336
differential, 336
doubly-structured, 336
with entities, 227
with an/the environment, 335,

337-340, 343
human sensory, 4
between humans and nature, 343
between man and nature, 107,

108, 343, 344
metabolic, 337
with the micro-world, 333, 334
within a natural reality, 4

with nature, 109, 175, 329, 335, 
343, 344

of neutrinos, 235
physical, 340
between science and productive 

forces, 214
of a scientist, 131
small-group, 281
stable, 338
between subject and object, 335
weak, 226, 239
with the world, 4

interest
cognitive, 102
social, 6, 13

internal/external distinction, 265, 
266

internalism, 106, 113, 143, 157, 194
interpretation

functional, 366
historical, 357
process of, 229
of scientific theories, 326
of signs, 180
social, of scientific cognition,

98
irrationalism, 353-355, 359, 360, 

362, 363, 376
irrationality, 61, 62, 361

justification
context of, 341
criteria of, 78
of deductive inference, 247
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(justification continued) 
epistemological, for scientific

methods, 93
of experimental method, 165
of justification, 76
of knowledge, 167, 168
of knowledge claims, 76
of knowledge and research, 168
metascientific, 90, 92
of methodologies, 114
philosophical, 50
procedure of, 331
process of, 331
rational, 247
scientific, 78, 144
of scientific knowledge, 76, 77
of scientific method, 76
of scientific rationality, 91
of the standards of rationality, 

77
strategies of, 169
theoretical, 275

know-how, 314-316, 318-325
knowledge

accumulation of experimental 
and theoretical, 145

accumulative growth of empi­
rical, 325

Aristotelian concept of, 172
Aristotelian-scholastic type of, 

171
Bacon’s concept of, 172
claim, 76, 77, 101 

construction of scientific, 18 
cumulativity of, 325 
demonstrative, 3, 41 
distribution, 220
empirical, 172,176,317,321,325
esoteric, 99, 100
everyday, 316
externalist and internalist ap­

proach to the growth of, 331
formalized, 235
foundation of, 361
generation of, 165, 169 
growth of, 325, 385, 389 
historical, 6, 351, 356, 358 
historical nature of, 329 
human, 199, 334, 356 
laboratory, 290
linguistic representation of, 314
medical, 291
natural, 31, 32
objective, 22, 100, 102, 106, 193, 

210, 211
observational, 55
positive, 19
and power, 165, 177
and practice, 170, 171 
pre-empirical, 319 
production, 20, 214 
production of, 128 
production of natural scientific,

105
production of scientific, 225
progress in, 173
quantifiable, 184
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(knowledge continued)
regulative ideal of, 381
for the sake of knowledge, 47
scientific, 3,7,11,18,59,99,100, 

110, 117, 124-128, 136, 199, 
216, 217, 314, 316, 320, 324, 
325, 375, 376

sense, 31
sensory, 3
social construction of scientific, 

101, 103, 115
social influence on scientific, 324
sociology of, 70, 75, 91, 247
sociology of scientific, 12, 193, 

225
sociomorphic, 210
spectator theory of, 329, 334
subjective and objective, 167
system, 335
system of, 333
system, metabolism of, 341
technological, 216
traditional, 198
validity of, 165
world, 314, 315, 323

laboratory
actions in, 326
equipment, 323
experiment, 323
raison d’etre of, 118
struggles within, 19
traditional methodology of, 21

Lakatos school, 74

language
Aristotelian, 172
artificial, 185
biological, 288
clinical, 288
as a code, 180
conventionalistic understanding 

of, 117
descriptive, 290
everyday, 314
formal, 182
formalized, 185
game, 92, 259
genre of, 254
machine, 181
medical, 287, 289
natural, 217, 260
of observation, 377, 378
philosophy of, 352
of signs, 188
of theories, 394, 399
of traditions, 399
universal scientific, 188

law
causal, 6, 18
chemical, 134, 152
consequence, 369, 370, 372
and empirical problems, 395
fundamental, 272
gas, 303
historical, 356
human, 356
immanent, and growth of 

knowledge, 61
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(law continued)
immanent, of scientific cogni­

tion, 112
inherent, of science, 103
of the integration of knowledge 

145, 151
mathematical, 21
mechanical, 134, 267, 268
of motion, 196
natural, 109, 172, 287, 320, 322

325
of nature, 172, 175
of objective reality, 210
phenomenological,. 272
physical, 152, 292
of production, 136
of rationality, 61
of right reasoning, 250
scientific, 110, 133,210,282,287,

387, 391, 393
social, 373
sociological, 74
statistical, 139
theoretical, 268
of thermodynamics, 335

linguistic turn, 19, 332
logic

a priori truths about, 4
of deduction, 262
deductive, 49
as discovery, 246
first-order, 301
formal, 246, 250

generalized notion of, 400
immanent, 248
innate, 247
internalized rules of, 261 
mental, 248-257, 259-262 
and mind, 245, 246, 251, 261 
propositional, 249, 405 
relativist position on, 259 
scientific, 11
as social convention, 248
as social invention, 246
Western, 12

logicism, 52
Logik der Forschung (Popper), 114

Marxism, 105, 108, 112, 121 
materialism, 106,200,209, 353, 381 
mathesis universalis, 179, 184, 185 
matter, 32, 68, 200, 201, 208, 226, 

318, 323, 335, 336, 343
meaning

complexity of, 287
components of, 381
correct, 69
holist conception of, 377, 378
and implication, 69
latent and potential, 295
and rule, 69
shift of, 288, 380, 381
of signs, 185, 186
structures of, 19
symbolic, 19
tacit, 11



INDEX OF SUBJECTS 427

(meaning continued) 
and translation, 395 
universe of, 19 
variance, 301

mechanics
celestial, 38
of celestial bodies, 196
of D-science, 45
of the earth, 196
Newtonian, 196, 199, 204
Newton’s, 41, 197
particle, 391, 406
practical, 195, 196, 199, 206, 209
quantum, mathematical formal­

ism of, 332
quantum, measurement in, 333
quantum, philosophy of, 333
rational, 198
scientific, 196
theoretical, 195, 196, 199, 209

De re metallica (Agricola), 170
Metaphysical Foundations of

Natural Science (Kant), 45 
metaphysics, 12, 100, 267, 272 
Metaphysics (Aristotle), 3 
metatheoretical framework, 392 
method

analytical, 382 
analytic-synthetic, 204 206, 208 
of Aristotelian science, 88 
cognitive, 76 
of conditioning, 278 
deductive, 187 
evolution in, 44 

experimental, 90, 150, 151, 165 
experimental-logical, 210 
experimental-mathematical, 210 
genesis of, 24 
geometrical, 45
of hypothesis testing, 41
hypothetical, 46
incompatible, 78
inductive, 4
introspective, 278 
mathematical, 32 
of natural science, 6 
philosophical, 332 
plurality and change of scien­

tific, 84
rational, 114, 115
research, 214
scholastic, 87
scientific, 5, 25, 77, 78, 83-85, 

87-90
simulating the observed, 322
sociological, 5, 373
of sociology, 6
of trial and error, 4
universal scientific, 205
and world view, 20

methodological divergencies, 87
methodological principles, 265, 

269
methodology

cognitive, 107
conventionalist, of science, 398
historical, 11, 19
Hobbes’s, 205
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(methodology continued) 
of interdisciplinary cooperation, 

144
internalist, 18
invariance, 85
knowledge-sociological, 114
knowledge-sociologist, 118 
Lakatos’s, of scientific research

programmes, 73
meta-, 84
monistic, 389
normative, 77
normative, of science, 375
pluralistic, 389
pluralistic scientific, 52
plurality of, 78
Popper’s, 91
positivist, 19
rational, 114
of research, 270
of science, 94, 375
scientific, 7, 126, 366, 381
second-order, 84
social, 7
sociology of, 75, 91, 93
of theory proliferation, 385

microsociological perspective, 116
microsociology, 128
mind, 5, 113, 245, 246, 248, 251,

261, 270, 273, 276, 331, 332, 
343

model
actors’, 11, 12, 18, 23, 24
of actual human cognition, 262 

arithmetical, 322
of artisan procedures, 205
astronomical, 58
as causal explanation, 366
of chance mutation, 21
of competence, 250
computer, 270
conceptual, 166
congruence, 111
construction, 181
construction of, 261
counterfactual, for limiting-case 

correspondence, 400
counterfactual, of reduction, 399 
covering-law, of scientific expla­

nation, 358
cumulative, of human history, 

344
deductive-nomological, 369, 372
dramatization, 99
Eudoxan, 56
of explanation, 370
explanatory, 371
formal, of theory change, 395
geometrical, 35, 37, 39
hermeneutical, 188
of human cognition, 262
ideal gas, 303-306
idealized, 302
Kripke, 405
Lewis, 405, 407
machine, 322
mathematical, 153
of a mechanical clock, 196
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methodological, 379 
network, 73
non-standard, 379,402,404,406 
perception-oriented, 328 
private-language, of science, 87 
of progress, 389 
rational action, 23-25 
of scientific belief, 23 
of scientific cognition, 110 
in sociology of knowledge, 23 
structural, 399
symbolic action, 11, 12, 18, 23 
technically-mastered, 324
of understanding, 372
van der Waals’s, 303-306 
world, 13, 17, 18, 24 
of the world, 24, 119 

mysticism, 352, 354 
myth, 14, 15, 19, 373, 378 

nature
Bacon’s idea of, 174
classical concept of, 175 
cognitive appropriation of, 109 
cognitive attitude to, 105 
formal-calculative approach to, 

120
man’s departure from, 347 
purpose of, 349, 350 
representation of, 327, 329 
social use of, 83
spontaneous workings of, 89 

transformation of, 165 
understanding of, 30, 47

neo-Popper school, 3
The New Science (Tartaglia), 175
New Testament

social construction of, 59
norm

conditional, 319
logical, 86
meta-methodological, 83 
methodological, 77, 84, 268 
protophysical, 319, 324 
rational, 25
of rationality, 80, 81
scientific, 16, 266
social, 5, 24
transcendental methodological, 

90
trans-paradigmatic, 94

notion
formation and development of, 

381
theoretical, 149, 150, 234

Novum Organum (Bacon), 40, 48, 
204

object
active, 331
artefact character of, 118
cultural, 20
epistemic, 335, 343, 344
inanimate, 206
inorganic, 339
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of investigation, 342
to be measured, 316
of natural science, 3
observed, 321, 330
physical, 339
scientific research, 328, 343
structured, 211

objectivism, 106, 327, 328, 331, 
333, 344

objectivity
per se, 101
of science, 50, 97
as reproducibility, 316
search for, 354
of sensual qualities, 102
unconditioned, 99

observation
as action, 321
astronomical, 31, 34
astronomical-type, 343
causal, 254
controlled, 330
controversy over, 236
eclipse, 57
evidential context of, 231-233, 

237-241
externalization of, 225, 229, 232
impartial, 100
instrumentally supported, 325
meaningful, 228
in modern physics, 227
of natural phenomena, 322
of nature, 175

as phenomenotechnique, 242
of the photo-electric effect, 309
in science, 225
scientific, 229, 321
sense, 31
solar-neutrino, 225, 226
theoretically neutral language 

of, 377
theory-ladenness of, 233, 234
theory-ladenness of the language 

of, 378
observational data, 321, 322
observational report, 230,232-234, 

235, 237-241, 243, 244
ocular metaphor, 328-331, 335, 

343
ontology

atomistic, 268
empiricist, 3
essentialistic, 118
of nature, 107
science-appropriate, 106
of sensory inputs, 4
of theory, 380

paradigm, 50, 79,90, 116, 146, 179, 
187, 196.210,21 1,283,325, 326, 
358, 376, 380, 381,389, 391-393

perception, 13, 229, 288
performance, 13, 80, 81, 253, 254, 

262
perspectivist conception, 299, 300, 

302, 304, 306
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philosophy
analytic, 315
classical, 171
corpuscular, 41, 42
descriptivistic, 316
knowledge-critical, 107
natural, 48, 165, 172, 188
phenomenological, 272
pragmatic, 272, 275
oracular, 357
social, 205, 206
transcendental, 349

philosophy of science
constructive, 313, 315, 322, 326
constructive approach in, 313 
as cultural phenomenon, 326 
descriptivism in, 313 
logical empiricist, 234 
pre-Kuhnian, 87 
self-reflection in, 77
standard, 19
traditional, 91

Physics (Aristotle), 32, 33, 35
Pirotechnica (Biringuccio), 170
Platonism, 171
positivism, 6, 25, 108, 124, 269
Posterior Analytics (Aristotle), 39, 

43
practice

everyday, 182
historical, 70
of science, 235
scientific, 3, 19, 52, 53, 77, 91, 

108, 225, 326

scientific cognitive, 117
social, 11, 146, 218, 247, 259

pragmatism, 165, 271, 272, 275,
276, 314, 315, 379

prediction
and control, 21, 23, 48
empirical, 89
and explanation, 37
as function of positive science, 

102, 103
as goal of science, 28
mathematical, 49
as necessary part of science, 41
solar-neutrino flux, 237
in social science, 366
theoretical, 150

predictive power, 28, 31, 42, 66
primary and secondary qualities

doctrine of, 272
Principia (Newton), 38, 39, 112,

193, 197, 198, 201, 203
problem solving, 54,84,86,87,146,

379, 386, 395, 397
protophysics, 316, 317, 319, 324
psychology

act, 277
American, 271, 276
applied, 282, 284
associationist, 270
cognitive, 81, 245, 260, 262
common-sense, 265, 283
of deductive and probabilistic

reasoning, 80
developmental, 177, 276
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(psychology continued)
empirical, 77, 78, 81
folk, 273
holistic, 276
physiological, 284
psychoanalytic, 277
scientific, 265, 273, 274, 280
social, 276, 278, 282, 377
structuralistic, 277
theoretical, 273

Puritanism, 116

rationalism, 59, 69, 173, 247, 252, 
347, 348, 352-355, 357-363, 
375

rationalism-irrationalism 
dichotomy of, 360, 361

rationality
of actors’ thoughts, 7
adoption of, 355
Cartesian view of, 351
cognitive index of, 388
definition of, 65
development of, 88
economical, 359
elementary principles of, 83
equivocal, 63, 66
experimental demonstration of, 

80
formal, calculative, 105
foundation of, 361
fundamental principles of, 79
fundamentals of, 81
historical, 351, 352

historicist notion of, 352
human, 79
individual conceptions of, 390
intuitions of, 85
as means-ends relationship, 90
metascientific theory of, 85
microsociological account of,

115
modern, criterion of, 188
normative theory of, 81
norms of, 80, 81
as pragmatic notion, 91
principles of, 79, 83
and progress, 94
of science, 14, 50, 51, 88, 97
scientific, 14, 49, 67, 77, 83, 84,

88, 91, 93, 324, 376, 382
of scientific methods, 8
of scientific progress, 394
technological, 359, 361
trans-cultural theory of, 86
Western, 12

realism
conservative, 9
convergent, 381
empirical, 328
epistemological, 385
metaphysical, 380
natural, 18
scientific, 9, 17, 19, 53, 283, 327,

328, 332, 343, 375, 380
Realism and the Aim of Science

(Popper), 53
reality, 15, 19-21, 54, 69, 70, 72,
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150, 210, 211, 258, 299, 308, 
309, 327, 328, 332, 340, 341, 
344, 380, 381, 386

reason, 81-83, 101, 173, 175, 179, 
184, 187, 188, 205, 347-351, 
353, 354, 358, 361, 362

reasoning
about reality, 327
attitude, historical sociology of, 

107
axiomatic-deductive, 187
capacity, 86
chains of, 250
deductive, 80, 251, 261
dialectical, 30
error in, 249
ex supposition, 49
faculty, 250
fallacious, 81
hypothetical, 39
inductive, 10, 89, 90
probabilistic, 80
process, 115
propensity, 67
purely scientific, 9
syllogistic forms of, 89
universal method of, 188
verbal, 254

Received View, 76, 88, 97
refutation, 10, 67
Regula Philosophandi (Newton),

203
reification, 101, 105

relativism, 92, 93, 100, 167, 247, 
299, 302, 315, 327, 352, 380, 
382, 390

Renaissance, 46, 174
research

activity, 215
basic, 164
cognition-oriented, 142
disciplinary, 152, 220
erroneous ways of, 324 
experimental, 148, 295, 296 
finalization, 120
foundational-intention, 118 
knowledge-sociological, 116 
Marxist science, 213, 214 
material and technological basis

of, 144
medical, 289

methodology, 114
in natural science, 326 
practice-oriented, 142 
preparadigmatic, paradigmatic 

and postparadigmatic stages 
of, 120

psychological, 275, 282
rationality, 121
rationality of, 114
science, 213
scientific, 3, 112, 121, 146, 162, 

164, 195, 313, 323
scientific and technological, 

161
technology, 218
theoretical, 120, 148
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research programme, 61, 84, 143, 
144, 147, 283

research tradition, 73, 84, 277, 386, 
388-390, 392, 395-397

science
anarchy in, 20
applied, 270, 325
Aristotelian, 56
autonomy of, 113
as a body of propositions, 43
Cambridge, 9
causal character of D-, 36
central paradox of, 334
cognitive, 16, 79, 245, 262
cognitive sociology of, 126
as a complex of ideas, 123
conceptual continuity in the de­

velopment of, 385
constructivist sociology of, 20
contemporary, 53
as a cultural force, 143
cultural understanding of, 326
D-, 30, 32-37, 39-41, 45-47, 49, 

50
demarcationist approach to, 98
demonstrative, 29, 40
development, internal, 9 
dialectical materialist, 106 
dialectization of, 145, 153 
driving forces of the develop­

ment of, 157, 162
the emergence of modern, 101 
empirical, 322 

evolution, 139, 140
evolutionary and revolutionary 

phases in the development of, 
145

experimental, 343
external and internal factors in 

the development of, 143
externalist approach to, 123, 

157, 193, 331
foundation of, 82
French, 73
goal of, 27, 39, 41, 43, 49, 51, 

86-91, 93, 94, 103, 171, 173
Greek, 43, 47
historical conception of, 76
historical nature of, 327 
historiography of, 64, 110, 129 
history of positive, 101-103 
human, 11, 12, 213 
humanization of, 154 
and industry, 120
internalist approach to, 123,157, 

331
internalist and externalist ap­

proaches in the historio­
graphy of, 123, 128

internalist and externalist con­
ceptions of the development 
of, 157

macrosociological approach to, 
111

Marxist, 213
materialist, 9
medieval, 89
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meta-criteria for, 83
micro-studies of, 18
natural, 4-6, 24, 27, 28, 30, 38, 

39, 46, 47, 52, 54, 75, 77, 78, 
120, 148, 150, 176, 187, 213, 
216, 217, 269, 271, 284, 315, 
319, 323, 356

nature of modern, 341
Newtonian, 3
norm system of, 114
normal, 50
observational disputes in, 233
origins of, 47, 48
P-, 28, 32, 34-36, 38, 49
physical, 269-271, 280, 283
politico-ecomomical laws of, 

129
positive, 101-103
positivist, 24
and production, 199
as production, 134
progress of, 84
pseudo-, 90, 93
psychological and sociological 

aspects of, 303
rational growth in, 397
rationality of, 75
reificationist understanding of, 

98
self-reflection in, 119
as a set of beliefs, 12
social, 148, 149, 151, 213, 365, 

368, 370 

as social activity, 159
social analysis of, 124
social character of, 123, 158
social conditions of the develop­

ment of, 219
social constructivist approach 

to, 98, 103
social constructivist view of

Western, 15
social historiography of, 8
social impact on, 90, 217, 219, 

324
as a social institution, 123, 125
social institution of, 120
as social symbol, 113
sociality in, 136
socialization of, 142
sociological analysis of, 60
sociological analysis of the de­

velopment of, 176
sociological explanation of the 

development of, 166
sociology of, 6, 18, 126
standard view of, 97
structural, 43
systematic reconstruction of, 

326
T-, 43, 45, 49
technical, 213
technological, 213
technological application of, 134
theoretical, 37, 42, 43, 51, 111
unity of, 268
as universal labour, 129-131
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value-freedom of positive, 102
Western, 8, 12

scientia generalis, 179, 185, 186
scientific community, 97, 121, 126, 

127, 319, 377
scientific controversy, 65, 67
scientific debate, 66
scientific development, 94, 106, 

133, 141, 145, 149, 295
scientific dispute, 63, 225
scientific goal, 91
scientific progress, 85, 161, 217, 

299, 302, 376, 381, 385, 388, 
394, 397

Scientific Progress (Dilworth), 303
scientific revolution, 41, 125, 126, 

140, 145-148, 193
scientific-technical revolution, 

139
scientific-technological progress, 

163
scientific-technological revolution, 

135
scientific and technological revol­

ution, 382
semantics, 180, 392
social anthropology, 11, 12, 19,24, 

365, 366
social being, 107, 108, 152
social constructivism, 107
The Social and Economic Roots of

Newton’s Principia (Hessen), 
193

social goal, 102, 112, 121, 216
Starnberg group, 120, 158 
strong programme, 6-8, 10, 11, 24, 

58, 75, 87, 93, 210, 247
structuralism, 17, 23, 24, 267, 268, 

272, 275, 276, 278, 367, 368, 
392, 394

The Structure of Scientific Revo­
lutions (Kuhn), 50, 90

subject
collective, 372
of cognition, 332
cognitively active, 330
epistemic, 335
knowing, 86, 167
as Language, 332
as Mind, 332
and object, 330, 331
passive, 331
thinking, 357

subjectivism, 269, 276, 327, 328, 
331-333, 342, 344

subjectivism/objectivism dicho­
tomy, 335

subject-object dynamics, 343
subject-object relationship, 336
Summa Theologica (Aquinas), 37

techne, 322
technical goal, 321, 323
technological development, 106
technological goal, 321
technology, 103, 106, 168, 175, 194, 

325, 358
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teleology, 70, 349
term

correct usages of, 381
experimental, 147
non-theoretical, 388
observational, 234, 388
primitive, 395
scientific, 154
theoretical, 147, 234, 295, 388

theology, 59, 63, 70, 76, 89
theoretical framework, 293
theory

abstract, 271
appraisal, 49, 51, 66
axiomatic, 317
change, 301, 303, 308
choice, 3, 50, 89, 307, 379, 389
cognitive, 173
cognitive empirical psycholo­

gical, 79
commensurability of, 394, 396
competing, 303, 389
as conceptual perspective, 299,

300, 302, 309
conceptually distinct, 304
confirmation, 73
conjectural, 343
construction, 266, 267
descriptive character of scien­

tific, 325
evolutionary, 144
formal, 317
gaining and testing, 326

global, 144
ideology-laden, 211
incommensurable, 390, 393, 394
incompatibility of, 309
Lakatosian, 72
making, 325
mathematical formalism of, 334
net, 395
normative, 317
philosophical, 52
Popperian, 72
and retroduction, 42
scientific, 7,12,13,299,300,302,

315, 324, 326, 385, 387, 393, 
399, 403, 405

sociological, 72
special, 144
underdetermination of, 3
underdetermined, 274

tradition
of analysis and synthesis, 50
Aristotelian, 39, 172
artisan, of compounding and 

separating, 205
of Babylon and of Greece, 35
conventionalist, 398
in epistemology and philosophy 

of science, 329
instrumentalist and conven­

tionalist, 385
of learning, 46
logical positivist, 366
omen, 28
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of physics, 9
of planetary and lunar observa­

tion, 27
Platonic, 55
scholastic, 173
scientific, 10, 23
of social research, 368
theoretical, 197
Western, of objective knowl­

edge, 12
Western philosophical, 13, 14 

traditionalism, 352, 354 
translation

binary, of the decimal system, 
181

of graphical information, 228
intertheory, 385-387, 393-397, 

402, 403
syntactic, 394, 396
that preserve meaning, 395

Treatise on Human Proportions
(Durer), 169 

truth
apostolic, 62
a priori, 4
Bacon’s conception of, 171
canon, 99
and Christian dogma, 62
claim, 93, 118
coherence notion of, 328
coherence theory of, 331
condition, 405
content, 258

contingent, empirically predic­
tive, 89

copy theory of, 329
as correspondence, 118
correspondence notion of, 327
correspondence theory of, 16, 

327, 331, 380
criteria, 320
criteria of, 7, 247
Durer’s theory of, 170
factual, 179, 187
as goal of science, 87, 386
Laudan’s and Stegmiiller’s con­

cept of, 387, 389
about nature, 332
necessary, 46, 90
objective, 158
plurality of, 380
pragmatic and instrumentalist 

theory of, 314
of reason, 179, 187
of scientific beliefs, 225
simpliciter, 88
standards of, 7
theoretical, 380
about/of things, 35, 36
value, of scientific statements, 

184
working, 359

Tubingen school, 59, 70

Der (Jbergang vom feudalen zum 
biirgeriichen Weitbild
(Borkenau), 107 
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underdetermination thesis, 78
understanding

causal, 28
and conjecture, 35
and explanation, 356, 372
forms of, 6
goal of, 73
as highest human goal, 47
limits of, 353, 354
nature, 30
scheme of, 378

universal
anthropomorphic, 99
of human biology and psy­

chology, 4
and the mind, 69
sociological, 116
unity of the individual and the, 

351
universalism, 352
Unmoved Mover, 33

value
analysis, 119
choice of, 294
conservative, 22
epistemic, 51
indifference to, 348
instrumental, 51
moral, 353
as non-descriptive elements, 287
numerical, 187
philosophical, 169

scientific, 266
of a scientific community, 333
social, 148
in theory choice, 50

verification, 64, 150
verisimilitude, 86, 330, 387
Vienna Circle, 284

weak programme, 25, 116, 119
world

accessible, 405
actual, 407
ancient Greek, 47
artificial, 340
as a causal mechanism, 100
as experienced, 16
living and inanimate, 335
as a machine, 100
materially unified, 152
modelling of, 17, 18
natural, 4, 20, 59
of nature, 127
objective, 4
organic, 339
physical, 283
physical and psychological, 

268
possible, 404, 406
scientific, 219
standard, 407
symbolic, 166
system, interpretation of, 196
true system of, 57
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world picture
construction of, 325
mechanical, 107

world view
categorial-biomorph, 102
mechanical, 110

religious, 14
scientific, 15

Zeitschrift fur physikalische Chemie
(Ostwald), 219
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