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According to one recent tradition, scientists have
known sin for thirty-five years, A less parochial
view would put the fall from grace many years
earlier. It depends a great deal on what one con-
siders sinful. The general idea seems to be that
scientific innocence consists in the pure pursuit
of truth for its own sake, in a selfless inquiry
detached from considerations of personal advan-
tage, practical consequence, or ideological preju-
dice. Such innocence, even when it casts a disin-
terested eye on the applied uses to which pure
science is put, is protected by beatitudes of be-
neficence, by the exalted conviction that what
science, in its purity, discovers, can only bring
benefit when theory finds its applications in the
domain of human needs and wants. To know sin,
at least in its minor modes, is to fall from this
innocence: to experience the practice of science
as self-seeking, its motives as impure, and its con-
sequences as detrimental to the presumed well-
being for which they were, in innocence, in-
tended. To know sin, finally, in its major modes,
is to know oneself and one's work as contributing
to the massive destruction of human life, or even
of civilization itself. In this sense, the knowledge
of sin doesn't begin, but rather reacii'eSaCUlmina-
tion in Hiroshima. What was somehow presumed
as scientific hni6cence is discovered to liaVebeen
a delusion, not only in the apocalyptic instance,
but well before tt, m dalliances wah the tempta-
tions of power whose corruption IS recO"gnized
only in ret_!9spect.The roa to e, en, is paved
with the innocent detadunem of pure science
from concern with or responsibility for ItS practi-
~sequences or as prospectIve apphcations.

e way to redem tion hich some scientists
have un crt en, is to assume social responsi il-
ity"as scientists for the uses or potential applica-
ti~ of their research and, further, to exercise
individual and collective conscience in determin-

ing what directions of research wi)) or wil.l!!ot be
e~aged·in...
If scientists have known sin for at least thirty-

five years, it may safely be said that philosophers
of science have yet to discover it. By contrast to
efficacious, socially consequential science and
technology, philosophy of science has for very
long been practically inefficacious and socially in-
consequential. And yet, not entirely innocent.
What philosophers of science have discovered
(primarily in the last eighteen years] is not sin,
but sex. They haven't lost their innocence
fully-only their virginity.
To make this clear, it will be useful to consider

the innocence of philosophers of science, in con-
trast to that of scientists. When the scientists lost
their innocence, they discovered that they them-
selves, as scientists, were sinful. When the
philosophers of science lost their innocence, what
they lost was the conviction that the scientists
were innocent. The philosophers of science dis-
covered not that they themselves were impure,
but rather that science was. One may say that
philosophers of science haven't really experienced
sin directly, but that they now know about it, in
others. If what the scientists have come to know
is sin, then the philosophy of science may be said
to know meta sin, because it is a metascience.
This tale has an even more peculiar twist. If it is

the case that the atomic bomb blasts at
Hiroshima and Na asaki forced scientists to rec-
ogn!ze the social responsibilities and cu pa . ities
of science, one mIght assume that these events
would have revealed to the philosophers of sci-
ence somefli:ing of the s e thing. 10 Be fair,
there was little philosophy of science in 1945. It
was not a part of the war effort. When post-war
philosophy of science did get under way, picking
up on the earlier work of the logical positivist and
analytic movements of the 1930s and 1940s, its
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vleWof science kept out all "external" questions
of social, historical, or applied contexts. The in-
nocence of this philosophy of science was
childlike. In fact, it was like that of a child who
does not know that his or her parents have sexual
intercourse or that, indeed, it was just such inter-
course which brought him or her into being. Sex,
like sin, precedes what is written about it.
The philosophers of science discovered sex only

when they read about it in a book. That book,
Thomas Kuhn's The Structure of Scientific Revo-
lutions (1962), revealed what should have been
evident much earlier, namely, that science was
not the abstinent, sexless, and selfless enterprise
of pure reason or of objective empirical or experi-
mental rationality which it had been presumed to
be.' Rather, science was presented as a more fully
human activity, involving personal motives, so-
cial forces, and nonrational determinants which
eluded the net of rational reconstruction within
which the older philosophy of science had sought
to capture the pure content and the logic of scien-
tific thought. When the formalist and objectivist
philosophy of science thus confronted the history
and sociology of science, the philosophers of sci-
ence began to cope with the facts of life-but only
as these were presented in books about the facts
of life, i.e., in studies about the history and
sociology of science. Even that's progress. One
might suggest that the "facts of life" as they are
presented by the history and sociology of science,
insofar as these disciplines are descriptive-
empirical ones, are still only the .brute facts; but
this would not be true, for the history and sociol-
ogy of science have been tacitly normative, at
least in the selection of what counts as typical,
canonical, or essential in the domain of science.
One could say that philosophy of science without
history and sociology of science, is empty, and
that history and sociology of science without phi-
losophy of science, are blind; but even this is not
quite true. What is at issue is a more complex
question: If it is acknowledged that science has a
social role, and that scientists have social respon-
sibilities, is there a concomitant social role which
the philosophy, history, and sociology of science
have, and are there social responsibilities that
these disciplines bear as well? I take this to be the
crux of the issue before this symposium on "The
Potentials and Limits of Applied History, Philos-
ophy, and SOCiologyof Science," and therefore
take the term 1/ applied" to denote just this type of
social application, that is, application to practical

and current social concerns that implicate con-
temporary natural and social sciences.

1/ Applied" philosophy of science, in particular,
and "applied" history and sociology of science are
not the same; but, having lost innocence, philos-
ophy of science can no longer proceed in isolation
from the contexts of history and sociology. To the
question as to whether these disciplines as a
group-let me call them, collectively, the meta-
sciences, for reasons I will soon make clear--can or
ought to be applied to questions of current social
concern, I will give a resounding and forthright
answer: yes and no! My paper will proceed to
consider the following five issues: First, I will
argue that philosophy in general has always been
implicated in applied contexts, and that the his-
torical and recurring divorce between "pure"
theory and "applied" (or "impure") practice is it-
self a feature of and a problem in the history of
philosophy. The relation between philosophy and
the sciences, in particular, will be seen to be cru-
cial, both in classical and contemporary contexts,
to this question of "application." Second, I will
characterize the distinctive role of the metasci-
ences, in order to explore the ways in which they
mayor may not be applied in the requisite sense.
Third, I will argue for a new approach to the
philosophy of science, or to the metasciences in
general, which takes them to be normative and
critical disciplines wh.ose task it is to understand
scientific theory and practice in their new and
developing forms, and in their integument with
society; with government and the state; with the
economy and the industrial and military institu-
tions that dominate the economy; with institu-
tions of public policy, whether official or popular;
with prevailing ideologies or belief-systems, and
with alternative and conflicting systems of value.
This is not a proposal to abandon the traditional
enterprise of seeking to reconstruct the norms of
scientific rationality, rather, it is a plea to see this
rationality itself in its changing social and histor-
ical contexts, and to recognize that scientific ra-
tionality itself has a history. Fourth, in the light of
the foregoing considerations, I will examine the
traditional philosophical issues of ethics, logic,
and epistemology as they bear on the question of
applied philosophy of science, specifically as they
bear on the questions of the ethos of science, the
methodology of science, scientific truth, and the
growth of knowledge. And fifth, I will address the
issue of what concrete issues of social concern are
amenable to metascientific application, and what
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he dangers and illusions ofmisapplied history,
osophy, and sociology of science.
y paper is thus divided, roughly, into three

acts. The first (which is almost over) is arm-
waving. The last (which deals with concrete ques-
tions of application) is foot-stomping. In between
there will be some serious discussion: Before that
discussion begins, I note two caveats-one con-
cerning a matter of usage, the other, a matter of
substance.

Entr' acte: Two Caveats,
on "Metasciences" and
"Abstract Humanism"

About usage: I have proposed to use the term
"metasciences" for the group of related disci-
plines under discussion, namely, the history, phi-
losophy, and sociology of science. [One might
also include science policy here; however, it is
not yet a discipline, but an ad hoc set of practices
and rationales, and it is "about" science, in a way
in which the crucial issue of application has al-
ready been settled at the start.] The term "meta-
science" has most often been used about the phi-
losophy of science as a reflection upon or a dis-
course about science. The context has generally
been the logical empiricist philosophy of science,
in which the object of inquiry was taken to be the
domain of scientific statements or propositions.
"Metascience" is thus discourse (in the metalan-
guage) about scientific discourse (which consti-
tutes therefore the object-language of this in-
quiry).
This narrower, linguistically oriented emphasis

is not the one I have in mind in using the term
metascience. Rather, I suppose a broader approach
that takes the concepts and practices of science as
its domain, i.e.," which is about science more
broadly construed than in the linguistic mode
that takes statements as the objects either for pur-
poses of logical reconstruction of scientific theory
and reasoning, or for purposes of examining the
grounds of the validation or empirical confirma-
tion or corroboration of such statements. [Some-
thing of a similar broad approach is already
suggested in the title of Mario Bunge's first book,
Metascientific Queries.)2 However, I adopt here
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the still broader usage suggested by Iost Halfmann
in his recent paper "Ideological and Technical
Functions of the Metasciences: Capitalism and
the Philosophy of Science.i" This usage includes
the disciplines of history and sociology of science
with the philosophy of science as metasciences,
in the sense that all of them, from whatever angle,
are about science and where the prefix "meta"
carries the general connotation of "aboutness." I
find this useful, for it suggests that the rnetasci-
ences are about science not only as a logico-
linguistic-domain of statements (theoretical, law-
like, observational, etc.) nor only as a domain of
concepts and practices, but also as a domain of
social and historical phenomena. Thus, this
broader usage accords with the emphasis on so-
cial, historical, and, indeed, technological con-
texts of scientific thought which go beyond the
older and· more formalist frameworks of the
logical-empiricist philosophy of science and
which characterize the so-called new or post-
positivist philosophies of science associated with
such theorists as Hanson, Toulmin, Feyerabend,
Kuhn, Agassi, Holton, Lakatos, Shapere, and
others.
The caveat concerning this usage is that it is

problematic, in that it begs an important question
in a paradoxically self-referential way. For, the
crucial question for the metasciences is what sci-
ence is, and how it is to be understood. To call the
disciplines that deal with this question "metasci-
ences" suggests that they are, in effect, the "sci-
ences of science," that is, themselves sciences
that take science as their object of inquiry. Such a
connotation of the term "metascience" already
presupposes what a science is, or what it is that
makes one or another discipline "scientific," in-
cluding the metascience itself. This thus begs a
critical question fundamental to its own inquiry.
This problem, of an interpretive or methodologi-
cal t'circle," has been raised by the hermeneutical
school of critics of positivism, or of so-called sci-
entism [e.g., by J. Haberrnas, in Knowledge and
Human Interest and by 1(. O. Apel, in Towards a
Transformation of Pbilosophys:"
Beyond this problem of a hermeneutical circle,

or a question-begging connotation of the use of
the term meta science, there is still another prob-
lem concerning the distinction between science
and ideology. Are the metasciences truly sci-
ences, in that they contribute to the growth of our
natural or social scientific knowledge? Or are
they part of the ideological superstructure whose
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task it is to interpret, legitimate, or inculcate cer-
tain appropriate beliefs about science, for ideolog-
ical purposes? This question is raised sharply
about philosophy and the metasciences by the
French Marxist, L. Althusser (in his "Ideology
and Ideological State Apparatuses" and
elsewhere, where he attempts to make a sharp
division between science proper and ideology]."
Althusser's argument is that the metasciences are
ideological in that they help in reproducing the
appropriate production relations [i.e., the rela-
tions of class-domination required by capitalism)
by inducing a certain self-conception in the sub-
jects engaged in such social or production rela-
tions. In effect, he argues that ideology creates
and maintains such "subjects" in terms of social
roles, beliefs, or modes of activity. The problem
with the usage "metascience" here is, again,
whether it presupposes the role of these disci-
plines as "sciences," thus masking their true
function as ideologies or as constituents of
"ideological state apparatuses."
Since I am neither a hermeneuticist nor an Al-

thusserian, I feel free to stipulate a sense of the
term metasciences which connotes that these
disciplines are themselves sciences proper. How-
ever, since I am also not 'a positivist (whatever
that will turn out to mean on historical recon-
structionl], I also feel free to accept the problems
raised by hermeneutics, critical theory, and Al-
thusserian Marxism as legitimate problems. The
difference is that I see these as problems concern-
ing not only the metasciences, but also the sci-
ences proper. This bears on identification of the
relation between the sciences and the met asci-
ences, so I will postpone discussion until a later
section of this paper. Whether the metasciences
are "scientific," and whether they are "ideologi-
c31" does have a lot to do with the prospects and
problems of their application to current social
concern.
The second caveat is not about usage, but about

substance. In one sense, however, it is about
rhetoric. If one raises the question of the
humanistic and social concerns of the sciences
and metasciences, one is immediately confronted
with the dangers of what I would call rhetorical
humanism. "Rhetorical humanism" has its corre-
late in "citational Marxism"-David Ioravsky's
term, I believe, for the practice of Soviet scientists
who make their .requisite obeisances to Marxism
not in the dialectical character of their methodol-
ogy, or in the philosophical articulation of the

materialist implications of their theoretical work,
but only in the external charade of a few tacked-
on Marxist pieties, or appropriate (or inappro-
priate) citations from "the classics of Marxism-
Leninism." For the rest, the scientific works
proceed as "straight science," under this ideologi-
cally protective coloration. Rhetorical humanism
is the West's variant on this practice: a few
humanistic pieties, an obligatory bow in the di-
rection of social responsibility, concern for world
peace, membership in a few committees on issues
of public policy, and some cracker-barrel
philosophizing, after working hours are over,
about values, ethics, and the scientist as citizen. I
don't mean to sound overly cynical. I just want to
contrast this with the hard questions of
humanism and social responsibility which bear
on the externals and consequences of scientific
activity, as well as on the internal-i.e., the
theoretical and practical-content of scientific
inquiry itself. Without this concrete and specific
interpretation of humanism within science (i.e.,
within the workings of the scientific community,
and within the conceptual foundations of scien-
tific thought itself) we are left with abstract
humanism: pieties instead of analyses, invoca-
tions in place of hard, self-critical review. The
hallmark of such an abstract or rhetorical
humanism is its systematic separation of
humanistic or social pieties from the concrete
questions of scientific theory, method, and prac-
tice, so that invocations of value and social re-
sponsibility take on the quality of Sunday ser-
mons, totally divorced from the workaday world
of midweek practices. Having voiced this
caveat-as much to myself as to others--I am
ready to stop arm-waving and proceed to the seri-
ous talk.

Beginning at the Beginning: Pure,
Impure, and Applied Philosophies
of Science

Philosophical legend has it that Thal~
Miletus was the First Philosopher, and a1s: t~: I
First Scientist. (The Milesian physiologoi were
natural philosophers, or philosopher-scientists, in
the days before professional fission occurred.] The
record concerning him is scant. Nevertheless, it is
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instructive to note what has been preserved and
remembered. Apart from Thales' cosmogonical
theory (that all things come from water) and his
astronomical and geometrical work (he is said to
have predicted an eclipse, to have discovered and
made measurements of the constellation Ursa
Minor as a navigational aid, and to have measured
the height of pyramids by their shadows), there
are two stories about him which, whether apoc-
ryphal or not, tell us something about philosophy
and science. The first tells us that while he was
preoccupied in observing the starry heavens, he
fell into a well. The second tells us that he once
used his scientific knowledge of the heavens to
forecast a bumper crop of olives. He then raised
capital to buy up all the olive presses he could
find and, by virtue of this anticipation, cornered
the olive-press market that year and became a
rich man. The two stories give us two antithetical
prototypes: the first, of the scientist-philosopher
as a detached theorist with his eye on the heavens
or the universal, unmindful of the messy, practi-
cal particulars of this worldly existence, and help-
less to cope with them; the second prototype is of
the scientist who puts his knowledge shrewdly to
use for practical advantage. Thales' practicality is
attested to not only in this story of personal
profit, but also in feats of military engineering
(changing the course of a river to make it fordable)
and in statecraft. Mathematician, natural
philosopher, engineer, lawgiver: not a bad model
of the engaged theorist. Yet, the separation of
"pure" from "applied" science is already

~d in the opposed prototypes.
sophy as social engagement is also repre-

sented in the figure of Socrates, who was socially
disruptive enough in his teachings to be found
guilty by his fellow citizens of subversion of the
state and of its ideology, and condemned to death.
Yet, Aristophanes pokes fun at Socrates as a
philosopher up in the clouds, and Socrates him-
self (if Plato is to be believed) disdained practical
consequence as an impure this-worldly concern,
in contrast to pure principle, to be discovered by
disinterested, indeed de-corporealized reason.
Plato, too, whose eye was on the One, the True,
the Good, the Ideal Forms, tried his hand at
applied science as political adviser to Dionysos,
tyrant of Syracuse. Plato came away burnt, disap-
pointed and skeptical about th . ues and
sibilities of application. And so 0 Scientists and
philosophers as men of affairs no- women, of
course-where they did exist, they have largely
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been dropped from the record, or forgotten};men
of affairs as philosophers and scientists-the list
is long and well known: Bacon, Newton, Leibniz,
Oldenbourg, Locke, Berkeley, Hume, Needham,
Lavoisier, all (and many more) involved in the
politics, administration, and social movements of
their times. Even where the scientists were not
themselves in positions of state or of policy, their
theories and discoveries had profound impact
upon society, politics, and policy: from Aristotle
to Aquinas, to Copernicus, Galileo, Bruno, Des-
cartes, Spinoza, Hegel, Marx, Mill, Darwin, Ein-
stein. One could invent a game, called perhaps
"social relations of science," in which the players
vie with each other to see how many such con-
nections could be made. But this doesn't settle
anything. For it simply. names-it doesn't say
what the relation is, whether it was integral to
the science, or merely an external and accidental
feature of personal biography or social history.
What does emerge is a very strong tradition that
separates "pure" from "applied" science even
where the s~t or philosopher in question
~ti cedh '. .s is a conceptual issue ofsome
erest-which takes us back to the Thales

stories, and to the Greeks.
"Pure" and "applied" have a range of connota-

tions, to be sure. But the standard distinction,
which goes back to the Thales stories and is for-
mulated explicitly by Aristotle, marks off the
applied as that which is aimed at the satisfaction
of more immediate practical necessities of We,
and the pure as that which is free from such con-
siderations or constraints. Thus, Aristotle writes,
in the Metaphysics:

At first, he who invented any art whatever that went
beyond the common perceptions of man was natu-
rally admired by men, not only because there was
something useful in the inventions, but because he
was thought wise and superior to the rest. But as
more arts were invented, and some were directed to
the necessities of life, others to recreation, the in-
ventors of the latter were naturally always regarded
as wiser than the inventors of the former, because
their branches of knowledge did not aim at utility.
Hence, when all such inventions were already estab-
lished, the sciences which do not aim at giving
pleasure or at the necessities of life were invented,
and first in the places where men first began to have
leisure. This is why the mathematical arts were
founded in Egypt, for there the priestly caste was
allowed to be at leisure. (Metaphysics, a, 981b,

13-24)
This early piece of history and sociology of sci-
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Have they therefore been practical, useful,
efficacious, after ali? Have they, at least in the
domain of the social understanding or self-
conception of the sciences, changed the world, or
have they only interpreted it?
In this echo of Marx's eleventh thesis on Feuer-

bach is the crux of the matter concerning the
potentials and limits of applied history, philoso-
phy, and sociology of science. Clearly, there are at
least two views here. The first is the traditional
one-namely, that "philosophy bakes no bread."
At most, it bakes girl-scout cookies to raise the
money to keep the organization going. Hegel of-
fers the most famous elaboration of this view:
that philosophy is simply a reflection of its own
time, grasped in thought; that it does no more
than a rational reconstruction of a reality which is
independent of philosophy, has its own au-
tonomy, and is essentially unaffected by how it
comes to be known or understood. He says (in the
well-known passage in the Introduction to The
Philosophy of Right) that "the Owl of Minerva
takes wing only at dusk, II i.e., after the battles and
the events of the day are over. Colloquially,
Hegel's view asserts that philosophy is only
Monday-moming quarterbacking. So we have
three metaphors (about bread, owls, and football)
which see the rational reflection or reconstruc-
tion of science as, at most, epiphenomenal, i.e.,
causally ineffectual in changing the world,
whether of nature or of social practice. The very
notion of "applied philosophy" is limited here to
that thin sense of application which simply picks
out fields or issues for philosophical reflection. So,
for example, philosophy of science is "applied"
only in the sense that it singles out science as its
domain of inquiry; and any "philosophy of" is
applied in this sense, as "philosophy of educa-
tion," or "of art" or "of language." Similarly, in
this thin sense, history and sociology of science
are, by their very focus, also applied. The only
changes that can be effected by such reflective
or reconstructive metasciences, therefore, are
changes in conception or belief about the sci-
ences, or changes in what we know about them.
And, according to this view, conceptions and be-
liefs are no more than aftereffects of real actions
and events; in the limit, they are no more than
copies or impressions, in thought, of what takes
place beyond thought.
This hardy form of the theory of ideas-which

has its roots in the passive phenomenalism of
British empiricism, in the spectator theory of
knowledge, and in the causal theory of perception
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-is a strange companion to the Hegelian the-
ory that sees consciousness as the cosmic ac-
tivity itself, indeed, as the only self-active mode
of being. That Hegel should have assigned to phi-
losophy such a passive function of reflection re-
mains a conundrum for interpreters of Hegelian
philosophy.
It did not sit well either with the Young Hegel-

ians, that group of radical students of Hegel, who
drew an entirely different moral from his philos-
ophy. For them, philosophy not only made a differ-
ence; it made all the difference. Philosophy, as
"criticism of everything existing" in the young
Ma.!_X'sstrikini:pbrase, could be made practical
(efficacious) by changing social practice itself, by
making it revolutionary. To do so, it had to be
"applied": it had to leave the insulated, merely
reflective domains of speculation and passive ra-
tional reconstruction of the facts as given, and, in
effect, had to remake the facts by active interven-
tion in the world of affairs. This impetus, to make
of philosophy a critical instrument and a strategy
of praxis, found a quick response among socially
conscious scientists. Under Feuerbach's influ-
ence, the group of German so-called scientific
materialists, Molleschott, Buchner, Vogt, Czolbe,
reinterpreted their chemical and biological
theories in ways that translated scientific discov-
ery into social practice,' or saw in the sciences
themselves the ground for social critique of the
existing order. In an enthusiastic and naive essay
entitled "The Natural Sciences and the Revolu-
tion," Feuerbach argued that the lessons of
natural science make one a natural communist.
The impetus to see philosophy as practical had its
corollary also in French Positivism, at about the
same time. Comte could declare, in an aphorism
of scientific method: "Voir pour pre voir; prevoir
pour agir. II J.S. Mill and, later, Peirce, James, and
Dewey would argue that ideas have consequences
in actions and that the meaning of a concept is
what practical effects it has in conduct or be-
havior. Marxism in general steered a difficult
course between a realism that counseled the rec- ""'"
ognition of the external necessity of objective
laws of nature, and equally objective iron "laws of
history," and a revolutionary instrumentalism
that argued for the efficacy of ideas and saw in
theoretical change an instrument for social
change.
This second view of the possibilities of applied

philosophy, as active and efficacious, made no
nice distinction between scientific and social ap-
plication. Science changed the world through the
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technological interpretation and application ot
pure theory; philosophy changed the world by the
critique of prevailing ideology, and by reorienting
and guiding praxis. This emphasis, in various
ways, expressed itself in Marxism, nineteenth-
century Positivism, American Pragmatism, and
instrumentalism.
~ specifically, from the point of view of our
focus on the metasciences, this was also a large
component of the original motives of the Vienna
Circle, which so largely shaped the movement of
contemporary philosophy of science. The first
motives were critical: to lay low the reactionary
obscurantism in science represented by specula-
tive metaphysics, by fideism, and by anti-empirical
idealist philosophies. It is easy, in the light of
later developments and criticism of positivism, to
forget the strong, almost central element of radi-
cal Enlightenment philosophy which marked the
early stages of the Logical Positivist movement.
In a sense, the Vienna Circle took up Francis
Bacon's cry: "Man is the interpreter of nature;
science is the right interpretation. /I Logical or ra-
tional reconstruction was no mere passive reflec-
tion of the facts of science. It was a normative
program, arguing for the scientific rationality
which it ostensibly reconstructed from unreflec-
tive scientific theorizing and experimental prac-
tice itself; and attempting to establish rigorous
criteria for cognitive significance, for logico-
deductive form, and for the validation, and hence
the acceptability or reiectabiliry, of scientific
theories. In this sense, philosophy of science was
fully "applied" not simply in the thin sense of
delimiting a domain of inquiry, but as a critical
instrument, using arguments of logic and epis-
temology (in this sense, philosophical arguments)
to establish what it took, on reconstruction, to be
the norms of scientific rationality.
Now this sense of "applied" philosophy of sci-

ence is Simply the normal "application," so to
speak, of critical philosophical arguments to
questions of what constitutes science proper, or
its appropriate methods, or the grounds that ra-
tionally justify the acceptance or rejection of
hypotheses and theories in the sciences. Revi-
sions in the logical empiricist program, and its
ultimate rejection as inadequate to the very tasks
it set for itself, have come about also as a result of
such applied philosophical arguments; but these
have depended not only on the internal critique of
the older concepts of cognitive significance or
norms of validation (whether confirmation, or

corroboration, or what-not), but also on argu-
ments derived from the other metasciences, i.e.,
from the history and sociology of science. These
arguments concern the facts as well as the norms of
scientific theory and practice; moreover, they
concern a re-characterization of scientific ration-
ality itself, within a larger context of social and
historical aspects of science. Such a critique as
that of post-positivist or "new" philosophy of sci-
ence is not more "applied" than the earlier
positivist or logical empiricist critique. It simply
appeals on different grounds (and, in my view,
more adequate and broader grounds) for an alter-
native view of science. ...::::=-.
The older issue of "pure" vs. "impure" has re-

surfaced in this new context, under the guise of
the "intemalist-externalist" controversy. Shall
the sociological, historical, even psychological
contexts of scientific discovery and practice be
afforded a role in the critical assessment and
understanding of science as a rational practice? Or
are these considerations merely descriptive, irrel-
evant matters of fact which do not bear on the
normative questions of what makes science sci-
entific, or rational? Is this all, inLakatos'S phrase,
"externalist garbage"? Or do the values, social
structures, modes of argument and rhetoric,
ideologies, and the prevailing politics and policies
themselves figure in the very innards of scientific
thought and practice as they actually take place?
Are these not "impure" aspects which simply
muddy the normative waters with descriptivist
and historically relativist muck? Or does the no-
tion of a logically or epistemologically "pure"
conception ofwhat is scientific rationality simply
abstract so radically from actual science as to be a
philosopher's fantasy, relevant to nothing?
Let me characterize this whole range of issues

as the "intemalist" conception of "pure," "im-
pure," and "applied" metasciences, in the sense
that they concern the acknowledged and obvious
ways in which the history, philosophy, and sociol-
ogy of science are applied to the characterization
of science, or to the understanding of scientific
rationality. But then let me pose two questions
that should carry our explorations further: First,
do such critical applications of the metasciences
to the concept of science make any real difference
to the practice of science itself? Second, do such
critical applications have any bearing on the rela-
tion between the sciences and current social con-
cerns? I can answer both of these questions very
simply if they concern matters of fact. The an-
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swer in both cases is no. I do not see that the
metasciences have made anything more than a
slight ripple in the pond of ongoing scientific re-
search. Nor do I see even a ripple in the larger

n of human concerns of a more immediate
'practical sort. The range of "applied" meta-

science has been limited to the "intemal"
critique of, or reflection upon, concepts of science
and of scientific rationality.
Now to the harder questions: Can the metasci-

ences make such a difference, in respect to either
of the two questions, and, even if they can, ought
they to?

Wartofsky 13

cial status and hierarchy, and epistemological
precedence, in which the "pure" has most
often come out on top; but not always.

4) The metasciences-philosophy, history, and
sociology of science-are, by the nature of
their subject matter as about the sciences,
already "applied." However, their application
either descriptively (as about science) or nor-
matively (as a critique or normative recon-
struction of the conceptual foundations of
scientific thought, of the development or
growth of knowledge, or of the institutional
structures and ethos of science) is focused
"internally" and not upon issues of im-
mediate or practical social concern, nor, fun-
damentally, upon issues of applied science or
technology.

5) The normative question of whether the
metasciences ought to focus on issues of so-
cial concern, as applied questions of meta-
Science, is separate from the question of
whether in fact they have done so. Since, as
Kant made clear, "ought" implies "can," a
prior question is whether the metasciences
can be applied in this requisite sense.

~
Just as any critical reflection on the nature of

applied science presupposes some conception of
science in order to make the distinction between
"pure" and "applied," so too does any considera-
tion of the potentials and limits of applied meta-
sciences presuppose some conception of what it is
these metasciences are in their "pure" state. This
is a more complicated issue than it first appears to
be, since, as we have noted, the metasciences as
metasciences are already applied disciplines. We
therefore may have to step back one disciplinary
stage, to inquire what is the "pure" state ofwhich
the given metascience is an application. This pre-
sumes that there is "pure philosophy," "pure his-
tory," and "pure sociology," of which philosophy
of science, history of science, and sociology of
science are applications.
One version of purity goes back to the Greek

model we discussed earlier: The pure has to do
with the universal; and the universal, in turn, has
to do with formal principles, or with the forms of
pure reason itself. Thus, the principles of pure
reason in philosophy, history, or SOCiologywould
presumably be those universal, formal, and neces-
sary principles which make that science or form
of knowledge essentially what it is. Note that the
presupposition of such an approach is that the

Cans, Can'ts, Oughts, and
Mustn'ts: How the Metasciences
Mayor May Not Be Applied,
Depending on Who Is Doing
Wliat

What I hope to have established lor at least
asserted) thus far may be summarized in five the-
ses:

1) The sciences are already implicated in applied
contexts of human weal and woe. They are so,
first, by virtue of the technological applica-
tions of pure science and, second, by virtue of
the roles which theoretical scientists have
played as men of affairs, or policy-makers, and
by the social, cultural, and ideological effects
of major scientific ideas (Galilean science,
Darwinian evolutionary theory, Marxian
political economy, for example).

2) Philosophy has, throughout its career, been
closely bound up both with the sciences, and
with applied contexts of value, belief, and
method in social, political, and economic life.
Its relative autonomy-in the "pure" con-
texts of logic, epistemology, ontology-has
had a relation to these applied contexts
analogous to that of pure science.

3) The distinction between pure and applied sci-
ences has a long history, going back to the
ancient Greeks, and varies in its interpreta-
tions in different historical contexts. It is an
ideologically loaded distinction, with conno-
tations of superior and inferior sciences, so-
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sciences, or forms of knowledge, have pure,
apodictic, and. necessary formal structure [i.e.,
that they have an essential form that makes them
the sciences they are], and that insofar as this is a
universal and necessary form, it is empty of any
contingent or particular content or of any specific
interpretation. Or, to put it differently, it is uni-
versal and necessary in that all the contingent and
particular facts of the domain of that science fall
under it. Again, Aristotle formulates this condi-
tion for a universal science lor a science of the
universal Iclearly:

We suppose first that the wise man knows all things
. . . knowing all things must belong to him who has
in the highest degree universal knowledge; for he
knows in a sense all the instances that fall under the
universal. And these things, the most universal, are
on the whole the hardest for men to know; for they
are furthest from the senses. And the most exact of
the sciences are those which deal most with first
principles; for those which involve fewer principles
are more exact than those which involve additional
principles, e.g., arithmetic than geometry. (Meta-
physics. a, 9828, 9-10, 21-28)

The rationalist tradition in philosophy and the
sciences-which proposes that the ideal form of a
theoretical science approaches, in effect, the con-
dition of a mathematico-deductive system in
axiomatized form-has been a most powerful one
in the history of the sciences, particularly in the
history of astronomy and physics. In his grand
attempt to ground the sciences as rationally de-
ductive, necessary, and universal systems of
thought, Kant sought to deduce those first princi-
ples, or the apodictic and a priori forms which
would make such a science [e.g., Newtonian
mechanics) possible. So, too, the debate developed
in the philosophy of mathematics-the paradigm
of a pure science-as to what was to be the ground
or basis for that formal universality and apodictic
necessity without which mathematics would be-
come a merely inductive technical-empirical
applied science. This was the issue in the Frege-
Hilbert debate on the foundations of mathemat-
ics, and also in the joint Hilbert-Husserl pro-
gram at G6ttingen, to cleanse mathematics of any
psychological, or a posteriori elements in its
foundations. Husserl's own program was to found
an a priori, apodictic, and "pure" phenomenology
as a "first science," cleansed of all presupposi-
tions, and "bracketing" all "impure" or external
contexts or standpoints.

The issue, of course, is what is to serve as the
f-oundation for such a pure science, and by what
method or arguments such a foundation is to be
established. The enterprise is ancient and recur-
rent. Its modem form is Cartesian, and its norma-
tive aim is apodicticity or certainty at the founda-
tions of reason and, hence, of science. Where the
earlier attempts looked to ontological founda-
tions (e.g., in the nature of Being or, in theological
versions, of God], the more typical modem move,
from the late scholastics and the Cartesians on,
was to look to a method founded in the nature of
reason or language, seeking in the forms of
thought or language some transcendental ground
for certainty. The enormous successes of
mathematical physics in the Scientific Revolu-
tion reinforced the conviction that certainty was
linked to deductive form and deductive necessity.
Galileo's Platonic expression of this view remains \
vivid: "The hook of nature is written in the lan-
guage of mathematics. II .~

Against the background of this search for the
foundations of pure reason, the notion of applied
sciences could only receive a secondary place as a
derived, "merely empirical" or "merely psy-
chological" or "merely technical" form of knowl-
edge, dependent for both its truth and its practical
efficacy on the truths of pure reason. The empiri-
cist theory of ideas of the seventeenth and
eighteenth centuries, important as it was in the
history of the sciences, led only either to Humean
skepticism or Berkeleyan fideism at the sought-
for foundations. To derive principles from mere
practices, to make "custom the great guide in
life" las Hume proposed], to seek the foundations
of the sciences in the merely contingent associa-
tions of sense-experience, provided neither the
deductive certainty nor the adequate first princi-
ples for truly theoretic sciences. Applied sciences
were thus useful, but impure, derivative, and ad
hoc.

The attempt to ground theoretical principles in
something less than apodictic grounds introduces
an alternative emphasis in this story. What else
could first principles be, if not formal, necessary,
and universal truths about Being or Mind or Rea-
son? wen, they could be either useful construc-
tions, fictions, or conventions whose forcefulness
was to be measured by their power in generating
testable consequences by deduction, or their
efficacy in economically ordering a mass of facts
in elegant and simple form; or they could be the
historically relative stages of a progress toward a
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truth at the limit, each stage of which remained
more adequate than the one before it, less
adequate than what would inevitably replace it in
the progress of science. Or, indeed, first principles
could be nothing butlast steps in the increasingly
universal generalizations or inductions from ex-
perience or experiment. Pragmatism, construc-
tivism, fictionalism, conventionalism, in-
strumentalism, inductivism, justificationism,
historical relativism, psychologism, sociol-
ogism-all these demons arise from Pando-
ra's box, once the older faiths and convictions
concerning the transcendental grounds of pure
reason, or of empirical certainty at the rock-
bottom levels of observation, go by the board and
Pandora'S box is opened to see what else is avail-
able.
Deriving theoretical principles from modes of

practice, or grounding them in their practical con-
sequences or empirical pay-offs certainly puts
their "purity" in question. In fact, it suggests that
the test, as well as the origin of scientific princi-
ples and theories, is in the applied sciences, or
perhaps, in technics and technology itself. If so,
and if, in fact, applied contexts are precisely those
whose telos lies in the satisfaction of human
needs and interests of a practical or more im-
mediate sort, then it follows that theory follows
the lure of interest, and that the "cunning of rea-
son" is its service to the imperatives of human
need. Some such boulevetsement of the standard
hierarchy of the pure and applied sciences is what
is at issue in the recent post-positivist attempts to
see the sciences in their social and historical con-
texts, as modes of human activity rooted in basic
needs and interests, whether of individuals, or of
social classes, or of whole social structures or
cultures.

his very same story, concerning the history
of attempts to ground the sciences in pure reason,
or in transcendental truths about Being, and the
contrary attempts to derive such a basis from ex-
erience, or from experimental practice, holds in

all its particulars for the meta sciences as well.
Philosophy of science has its leverage-in the
critique and normative reconstruction of the
methods and aims of science-either in some
"pure" philosophical principles of logic, epis-
temology, and ontology; or it derives its force
from the applied contexts of its inquiry, i.e., from
the theory, practice, and history of science itself,
as an empirical domain. Quine, in the spirit of the
logical empiricist movement, and after his own
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critique of its dogmas, opts finally for this second
alternative. More radically, Goodman chooses to
take the sciences and their norms as only one
among many alternative "ways of worldmaking,"
each a convention chosen by us in accordance
with the open-ended range of our interests, and
each constrained only by its own systematic con-
struction and the practically or imaginatively
evolved rules for such construction. In reaction to
such freedom, which threatens to relativize the
foundations of science, and of truth generally, to
the complex dialectic of creativity and human
interests, there is the more recent attempt to rein-
troduce necessity and apodicticity by way of
causal theories of how we come to think, say, and
believe as we do; thereby grounding the categories
and forms of scientific thought in an objective
reality that determines them in a history of causal
factors.

In all of these debates concerning the groun
philosophy of science, what has been at issue is
precisely the question of whether a "pure" [i.e.,
autonomously philosophical) grounding is possi-
ble. That is, whether on one or another view of
the nature of logic, of knowledge, of language, or
of causality, the philosophy of science achieves
critical leverage in its characterization of science
or scientific rationality; or whether, instead, the
philosophy of science derives its own norms and
its "pure" philosophical principles and methods
from the sciences as the origin, and the only nor-
mative foundation for philosophy itself, than
which no more ultimate transcendental ground is
possible. Similarly, one may pursue this theme in
the history (and the historiography) of science,
and in the sociology of science as well. Are there
autonomous grounds of "pure" history, or "pure"
sociology, as disciplines, from which the norms of
their critical application to the sciences derive?
Or is it the case that history and sociology of
science simply discover, by the appropriate
methods of inquiry and of historical and SOciolog-
ical reconstruction, what the actual historical de-
velopments and social structures of the sciences
reveal? In the latter case, again, is "pure" meta-
science only the distilled residue of applied study
of the sciences? If so, whence can these metasci-
ences derive any critical-normative force?
Doesn't such a derivation condemn them to a
passive and uncritical mirroring of the facts or
norms of science itself? And, if so, are the meta-
sciences merely descriptive, though system-
atically reconstructive, disciplines?
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The point of these reflections on the metasci-
ences themselves, in terms of "pure" and
"applied" contexts, is to ascertain whether any-
thing is to be achieved by their furtber application
to issues of current social concern. If, in fact, the
metasciences have no independent or autono-
mous critical-normative grounds beyond which
the forms of scientific thought or the modes of
scientific practice themselves provide, then their
application to questions beyond the sciences
themselves would seem, at best, redundant and,
at worst, misleading and self-deceiving. But if
history and sociology can be construed as crit-
ical disciplines, not merely as descriptive-
reconstructive ones, then they may be capable of
critical application beyond the general reflections
on the sciences, of the sort which may have bear-
ing on contemporary social questions.
Wherein may it be possible to discover the crit-

ical kernel of these metasciences? Only if there is
one, does the question of their application,
whether to the sciences, or to society, with re-
spect to the sciences, make any difference. Let me
layout a condition for the possibility of such
~evance of "applied" metasciences: If the
meta sciences are to be applied to contemporary
social issues related to the sciences, it can only
be with respect to those questions which bear on
the social and technological consequences which
the sciences themselves have, either (a) in terms
of their applications or (b) in terms of the ideolog-
ical effects which certain scientific theories may
have. If this condition is to be met, then the
""i1iiltationsof the applied metasciences lie only in
their relation to the sciences and to technology,
and not in some independent insight which such
metasciences may claim to have about questions
of human value and need. This does not mean
that the metasciences simply are to abandon their
relatively internal or autonomous criteria of sci-
entific rationality, or scientific progress, or of op-
timal forms of scientific community and social
interaction. Nor does it mean that "applied"
metascience is to become no more than a scien-
tifically literate sort of social or political philoso-
phy, or a form of pop-journalism about current
issues concerning science and society. But it does
mean that whatever relevance the metasciences
may have in this regard has to be filtered through
a critical social, historical, and political under-
standing of the role of the sciences; and indeed, of
their rapidly changing role in late-industrial
societies, in military-imperialist nations, or in

burgeoning third-world or proto-socialist socie-
ties.
What the metasciences can do, in a distinctive

and important way, is to provide a critical under-
standing of the relations between the state and
science, between social class and scie ce, be-
tween ideology and scientific rationalit. sofar
as such a study remains an extern account, or a
merely descriptive account of such relations, it is
useful as groundwork for a critical study; but only
as groundwork. Insofar as such a study aims at a
critical-normative assessment of these relations,
it can go several ways.
First, it can serve as a critique of the scie~e

an'CFbl science polic , 10 tclills of the ways in
wlk}Lscientifi~Tese1ch anaapJe~ science is
slJ..hordjnatedto, and eyen distorted by, state pol-
icy! class interest, or explicit ideology. Such a
critique would require a normative theory of what
the proper autonomous and undistorted role of
the sciences is; or, indeed, what the appropriate
and scientifically responsible constraints are on
scientific research, insofar as these may come
into conflict with, or even endanger broader
human and social interests. This is a difficult
question, as the recent debates over recombinant
DNA and sociobiology have shown. Any norma-
tive theory about the appropriate social role of
science would have to consider the relative social
values of the freedom of scientific research, both
as a moral ideal and as a condition for scientific
and social progress. But it would also have to
consider the social realities in which such
abstract freedom is already constrained or dis-
torted by state science policy, corporate domina-tJ: of research, tacit or explicit ideological mo-

[e.g., the Cyril Burt case), or motives of
nal or political aggrandizement. ~

et there is another sense in which this norma-
tive role of the metasciences may be undertaken
and has, in fact, been practiced. And that is in
providing the rationales, or indeed the apologies
for state policy, dominant ideologies, or class
interest. Such a role, whether in advanced
capitalist societies like the U.S., or in purportedly
socialist societies, like the U.s.S.R, has served to
abet and legitimate the subordination of both sci-
entific theory and applied science to the interests
of the state, or of ruling economic classes, or of
bureaucracies. The metasciences, as such, in no
way put science into this role; that is a more
complex function of the socio-economic and
political role of science. But they can (and have)
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been used to provide the ideological rationales for
such subordination. How this finds specific ex-
pression in the philosophy of science, or in the
history and sociology of science, is the critical
task of these metasciences themselves to discover
and to explain, where it does exist. One qualifica-
tion needs to be added here: The ideological
rationalization of the public or social role of sci-
ence, in itself, is neither heinous nor necessarily a
matter of the subordination of science to anti-
scientific or anti-humane interests. It is so only
when the public or social good that science ought
to serve is itself subordinated to public policies or
class interests which ron counter to this good.
Therefore, it is not an abstract question of
"ideological function" of the metasciences, but a
concrete political question: a matter of who is
doing what, which cannot be resolved by abstract
~

The second way in which the metasciences
may 31m at a normative critical assessment of the
reiations between state, class interest, iaeology,
and the sciences is to study how t:lrese public
interests atfect the practice, the-soeia1-erganiza-
tiQBj-alld iudeed, the mOdes of rationality of the
sciences themselves, I.e., tIle forms ofTheoIY, the
. norms-of-prcrgtess, the clmtce-oi-research
priorities, and even the eptstenrologieahtyles of
the sciences. Part of such a study has a:tready been
carried out in the history of science [e.g., in re-
search on the interactions between politics, eco-
nomics, ideology, and scientific research pro-
grams during the Scientific Revolution, during
the Puritan revolution and the Whig sequels, dur-
ing the period of the ascent of Darwinian evolu-
tionary theory, during the rise of German
nineteenth-century science, during the varying
national receptions of relativity theory, during
the genetics controversy in the Soviet Union, and
the more current one in the U.S., and in several
other contexts]." So too, the sociology of science
has been engaged in the formulation and reformu-
lation of the so-called ethos of science, from the
classic versions of Merton, Parsons? and others, to
the revisionist and social-critical later versions of
Barnes and Dolby" and Beer and Lewis."
It must be said that the philosophy of science

has remained largely aloof from such considera-
tions, apart from some incipient critical reas-
sessments of positivism or of so-called scientism.
These remain {with some exceptions] largely at
the level of general methodological critique with
overtones of the relevance of social or historical
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contexts to those of methodology. Such applied
critique, not so much of the sciences proper, but
of alternative philosophies of science, therefore
remains an intradisciplinary affair, not yet rooted
in the social realities of science and public policy.
Nevertheless, the philosophical frameworks for
such a hands-on critique are there, and need to be
further developed and, moreover, made more con-
crete in their applications to contemporary sci-
ence. On the one hand, there is the older and still
important critique by Lenin, in his Materialism
and Empitio-Ctiticism, which attempted to link
political revisionism within the Marxist camp to
issues in the philosophy and, especially, the epis-
temology of science. Lenin's rough-and-ready
epistemological realism, and his almost naively
ahistorical and Platonistic essentialism still pro-
vide a vigorous example of critique of philosophy
of science, but not yet a sustained analysis of the
relations of science and society. Whereas Loren
Graham's fine study, Science and Philosophy in
the Soviet Union, 10 gives a rich account of the
interaction of philosophical and methodological
issues in Marxism and the development of several
sciences in the Soviet Union (quantum physics,
relativity, cosmology, chemical-bonding theory,
genetics, and psychology), no equivalent or com-
parable study has, as far as I know, been made of
Western sciences. Perhaps the explicitness of the
relation between philosophy and science is not so
great in the Westj but it is surely there, and de-
s~uch a study.
The third way, then, in which the relations

between sCIence ana society can be critically
~lufied IS JUSt this analYSISof the relations be-
tween philosophies of sC1ence,me Scie~ and
prevailing social, politicaI, and lae gical
DlQvements. That is (by contrast to the fhst two
ways), applied philosophy of science can step back
from its more direct application to the logic, epis-
temology, and methodology of science, to a con-
sideration of how these very concerns themselves
interact with, derive from, or influence the public
understanding of science, the self-conception of
scientists, or the desiderata of science policy
(research-funding, priorities, cost-benefit analy-
sis, the relation between basic research and
mission-oriented research, etc.). This is a tall order,
and a reversal of the more obvious modes of appli-
cation. For here it is not only a question of how
logical, epistemological, or methodological cri-
teria can be brought to bear upon the rationali-
zation of science policy, or upon improving or
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deepening the public understanding of science,
but also of how considerations 01 social CO~

of scientific policy and practice can be brought t
bear on our understanding of the logic, epistemol
ogy, and methodology of science.

Other approaches, within the philosophy of sci-
ence, which provide at least the frameworks for
such a cri tical approach to the relations between
science, ideology, and current social or class
interests may be found among a variety of con-
temporary schools of thought:
• First, and most obviously, among Marxist

philosophers of science. Here, the work of AI-
thusser, Lecourt, and others of the Althusserian
school of French Marxism are relevant as head-on
critiques of the role of ideology in science and,
especially, in the metasciences. The origins of
this tradition are not only Marxism, but also in
the distinctive tradition of French philosophy,
history, and sociology of science, particularly in
the line of descent which goes from Bachelard to
Canguilhem, and forks off with their students,
Althusser and Foucault.
• The nee-Marxist (or by now post-Marxist I

school of Critical Theory also provides some in-
sightful approaches to the relation between
philosophies of science, modes of scientific ra-
tionality, and social interests. Deriving from both
Marxism, neo-Kantianism, and a particular brand
of left-Hegelianism, as well as from the sociologi-
cal theories of Weber, the Frankfurt school-in
particular, Horkheimer, and its later inheritors,
such as Habermas-suggested an approach to the
social critique of positivism, of so-called scien-
tism, and of instrumental rationality in science
and the philosophy of science, tracing these fea-
tures to the social and ideological structures of
late Capitalism. An early associate of this school,
but one whose work has only recently developed,
is Alfred Sohn-Rethel, who seeks to show that the
typical categorical structures of modern science,
in particular, the emphasis on mathematical
form, on universality and abstraction, is closely
related to the rise of commodity exchange, and to
the lIexchange-abstractionll'introduced by the use
of money. He sees this not only in the develop-
ment of classical capitalist economies, but in the
ancient world as well, stretching his thesis to the
breaking point. II (An earlier elaboration of a simi-
lar thesis goes back to Simmel's classical
sociological study, The Philosophy of Money. HI
• A third such framework is provided by the

school of critical rationalism, especially among

the post-ex- or late-Popperians. The dialectics of
this school are difficult to follow, but two almost
contrary themes emerge which are relevant as
frameworks for an inquiry into the social rela-
tions of science: First, Popper's own attempt to
demarcate science proper from improper or
[pseudo-] science, especially with regard to two ma-
jor movements of contemporary thought, which he
regarded as pseudo-scientific: Marxism and psy-
choanalysis. Here, the emphasis was on preserv-
ing the autonomy of scientific rationality from
heteronomous, "external" distortions. In the
breakdown of the demarcation program, post-
Popperian critical rationalism has trifurcated (at
least] into (aJ a defense of the autonomy of scien-
tific method, (bJan attack upon the very notion of
a "method" of science which could be separated
from the hurly-burly of politics, rhetoric, personal
style, or ideological conviction, and (cl an argu-
ment for the polyvalence of scientific thought
against the tendencies to dogmatize or absolutize
anyone approach.
• A fourth, and somewhat related approach is

that of Foucault, who, in his approach to the his-
tory of science and medicine, proposes a notion of
radical constitution of both scientific concepts
and institutions, as historical artifacts to which
the whole kaleidoscope of social history and prac-
tices is relevant. Foucault's bete-noit is the linear
approach to the reconstruction of the history of
science, which chooses only certain favored
categories or parameters as the relevant ones.
• Fifth, the hermeneutical school, deriving

from the tradition of Oeisteswissenschaften
(SchIiermacher, Droysen, DiltheyJ and from the
phenomenology of Heidegger, emphasizes the
historicity and the radical constructivism or con-
stitution of meaning, in its attack upon so-called
objectivism, or "scientism." It thus proposes that
science, like literature or social institutions in
general, has to be understood in terms of the in-
tentions of human agents, and that such "under-
standing" cuts beneath the external objectivism
of classical causal explanation in the sciences.
Neither the hermeneutic school nor the critical
theorists have come to grips with the natural sci-
ences in any serious way, tending to lump them
in some caricature of "positivism."
• Finally, the Constructivist program in logic

and mathematics associated with Lorenzen, has
also developed an approach to the sciences in
terms of their origins in modes of praxis and of
practical linguistic communication. As a norma-
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tive program, this appoach to "proto-physics"
proposes a regrounding of the sciences by an analy-
sis of fundamental concepts in such praxiologi-
cal terms. Though this "reduction" has its an-
tecedents 'in operationalism, and in the
reduction-program of early Camapian logical re-
construction, it claims for its reconstruction a
more radically normative basis in the praxis of
science and of communication.
These various frameworks do not yet yield that

sort of "applied" philosophy of science which
clearly relates it to current social concerns. But
because they all, in some measure, take the
relatively external-i.e., social, technological,
ideological-contexts of science into account
(whether positively or negatively), they at least

~

. se some openings for such an approach.
s, then, is a sketch of what the metasciences
articular, philosophy of science) can do, but

only in terms of general potentials and
frameworks. What the metasciences ought to do
does not follow simply from what they can do.
Can does not imply ought, though ought implies
can. Any normative argument for what the
metasciences ought to do depends on a normative
and critical view of the role of the sciences, and of
the responsibility of science to society. Equally, it
also entails a normative and critical view of the
responsibility of SOCietyto the sciences. For the
sciences are not extrasocial enterprises, existing
at the margins of social life as frills or adorn-
ments. They are, and increasingly become, cen-
tral forms of social practice, more and more inte-
grally related to human welfare and to the shape
and quality of future human life. What, then,
ought the "sciences of science" contribute, given
that what they can do _islimited to the critique

i
and understanding of the relations of science to
the state, to class and social interests, and to
ideology? This is not a general or an abstract ques-
tion, but one concerning the specific contempo-

l } rary social ,issu~ which .embroil science a~d sci-
~ Iwill deal WIth these "oughts" III the

last section of this paper, which addresses such
[>ipecific questions briefly.

su;-mustn'ts: These are fairly clear, and fol-
low from what I have said. The metasciences
mustn't become the ideological Gauleiter of the
sciences. They cannot prescribe, dictate, or con-
trol what live scientific research ought to do.
Their function, as I have described it, is critical,
not prescriptive or dictatorial. There is small
danger of this, given the socially inefficacious role
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of the metasciences within science itself. The
danger grows larger, when it is seen that the
metasciences can play a role (and may come to
play a larger role) in the assessment, methodol-
ogy, and even the administration of public policy
for the sciences. The force of jdeas sheuId never
be underes~ated. Thus, it is not simply a matter
of actual participation in policy-making, or of
consulting status in matters of public policy. It is
more a matter of the currency of metascientific
views of what science ought and ought not to do,
or how applied science and technology ought or
ought not to be deployed, and how such views
influence or percolate among the policy-makers.
This general field may be d' the oli-

ties 0 SClence. It is, as such, neither a theoretical
metascience, nor an applied one. It is a practice,
upon which some reflective and critical thought
may well be expended. But not here. ..........-
The serious discussion is at an end. What fol-

lows is the foot-stomping (or table-thumping)
final section of my paper.

Reason, Ethics and the Public
Good: What the Metasciences
May Contribute to the
Improvement of Human Life

It is time to explain why the title of my paper
begins with "The Critique of Impure Reason II."
"The Critique of Impure Reason I" refers to an
earlier paper (given at the XVI World Congress of
Philosophy in Dusseldorf]." There, I argued that
scientific thought constituted the most advanced
model we have of rationality. that it w~ in ef-

ietb-centlJry rationality. Such an en-
nobled view of scientific ratioliiility needs qual-
ification, of course. My own qualification was (as
in this present paper) that science is not the do-
main of Pure Reason, but of Impure Reason-s-Le.,
of that rationality which is irrefragably bound up
with practice, with social effect, and with the
influences and imperatives of human need and
~5t !rhus, the highest rationality we can
hope forIs not that striking model of pure con-
templation, of "Mind taking itself as its own ob-
ject" as Aristotle phrases it; nor is it the knowl-
edge of the universal (or of universal laws) as
such.
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ties of peace, and, above all, hope for the future as
better than the present. In all of these, the exer-
cise of human creativity shows itself and enjoys
itself: Human beings crave activity, work, ac-
complishment.
That's as far as an account of Pure Goodness

can go; for like Pure Reason, it comes to little, if
these goods or values cannot be realized con-
cretely, individually, here and now, or at least
'prospectively, as the result of effort. Yet, here too
there is an ethical universality, comparable to
that universality striven for in science, and de-
finitive of the purity of goodness, in a sense of
purity other than that of its abstractness. This is
the notion that what is a pure good is that which
is good in itself, and not for the sake of something
else: an intrinsic as against an instrumental
value. Here, the motives of Pure Reason and Pure
Goodness coincide: The attainment of knowledge
for its own sake, of truth as a good-in-itself.
Though I started out by saying that science, and
scientific rationality, are bound to human needs
and interests, what should be added here is that
the human need to enjoy an activity for its own
sake, and not merely or only as a means to some-
thing else, is a need not ordinarily recognized. For
needs most often connote deficiencies, as goals to
activity whose aim is instrumental-namely, to
satisfy these needs by their results and not by the
activity itself. But science is a need of the pure
sort, as much as it is an instrumentality for the
satisfaction of others needs. Any scientific ethos
which loses sight of this, mistakes a crucial fact
about science, and about reason. "Man by nature
desires to know" says Aristotle, in the very first
sentence of the Metaphysics. Whatever way our
species may have evolved this crucial and rela-
tively autonomous trait is something for the evo-
Iutionary theorists-the anthropologists, and the
historians and philosophers of cognition and of
culture-to study and to understand. We are not
only cognitive, but theoretical animals. We enjoy
Iearning, or knowing for its own sake. Truth-
seeking is as much of an imperative for us as
food-seeking or the need for social companion-
ship. I am not claiming that all this is self-
evident; but I am prepared to make a good case for
it. Even on the interpretation that such autono-
mous proneness to theory has been selected out as
an advantageous species trait-i.e., even if one
re1ativizes truth-seeking as a survival value-it
remains a fundamental feature ofour aptly named
species, Homo sapiens.
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~ight, then one of the central nonnative
~:~_~~~the metasciences is to recognize and

z understand this as a fundamental characteristic of
the sciences, as a basic value of scientific thought,
but not as a value of science apart from human
social life more generally understood. Rather, I
would argue that science is the highest expression
which human beings have achieved of this fun-
damental value. Let us call it, most generally,
reason or rationality. Like other human traits,
_this rationality has evolved and has a history.
Whatever its transhistorical general features may
be discovered or conjectured to be, its specific
features change with the social, cultural, and
technological development of the sciences and of
rational human practices. Its application to spe-
cific problems, its exercise in various styles and
modalities, its enjoyment by different thinkers or
cognitive cultures is therefore a distinctive study.
Since, in. the most general sense, I have ascribed

the typical contemporary modes of this rational-
ity to the sciences, it seems to me clear that its
study is the task of the metasciences. What all
this has to do with current social concerns is
simply this: Whatever the metasciences can and
ought to contribute to the solution of contempo-
rary science- and technology-related social issues
has to do with the applied forms of this rational-
ity. In this sense, the philosophy, history, and
sociology of science have as a normative task the
reconstruction of the highest forms of this ration-
ality, from the internal critical examination of the
logic, epistemology, and methods of science, the
history of the development of scientific thought,
and the typical structures of social interaction
within science, and between the sciences and
other social institutions. What shows itself as
deficient rationality, or as irrationality, then be-
comes the object of criticism.
In order to pursue such an inquiry and critique,

the metasciences need, first of all, to realize their
common object, and therefore to realize how the
philosophy, history, and sociology of science im-
pinge on each other. No reconstruction of con-
temporary scientific rationality can be adequate if
it fails to take the facts and structures of contem-
porary scientific practice and its social applica-
tions into account. Thus, the social fact that
much of scientific research is carried on under the
aegis and the exigencies of corporate structures, of
major private industry, cannot be excluded from
the determination of the ethos of science; nor can
the fact of the close dependence of research upon
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priorities of state, or of those needs determined by
public policy. Nor can the extraordinary de-
velopment of the academic research establish-
ment be ignored; nor its increasing dependence on
government funding, or corporate subsidy. Does
this therefore shape the forms of scientific ration-
ality? Does it affect the values and priorities of
theory and method, as well as of application and
pay-off? Does the very logic of science reflect the
increasing collectivity of research and its unique
demands on the division of scientific labor? How
do the historically individualist models of
theoretical science-of the individually creative
thinker and problem solver-compare with con-
temporary models of cooperative and collective
research? Does the history of science or the phi-
losophy of science present us with adequate con-
ceptual models of this sort of rationality? Is scien-
tific rationality headed for some development
analogous to that of the bees or ants, to a collec-
tive telos which overwhelms the individual at-
tempt to grasp things whole? Or is contemporary
science heading towards a socially and epis-
temologically hierarchical structure, with gen-
eralists on top lor below) and decreasing grades
of fragmented and particularized reason? Do the
social and individual values of science change
with these changes in the institutional an1s~
focus of scientific practice?
What I am proposing, in effect, is that the

metasciences are in no special way fitted to advise
or formulate in the domain of applied social ques-
tions of science-no more than movie actors or
sports heroes are fitted to make pronouncements
upon, or to give leadership in, matters of public
policy. What they are fitted for is that second-
order critique of the forms and practices of applied
rationality, and of that distillation of pure ration-
ality which carries this history and practice of
application into its universalized and abstract
form.
I do not propose to give here a litany of the sorts

of applied questions that such an approach might
address. They are, in a sense, obvious. They derive
from just that integument of science with public
life and the public good which makes scientific
reason "impure," in the good sense, i.e., engaged,
efficacious, instrumental, and also which reveals
the possibilities for a bad sense of impure-that
which has to do with the knowledge of sin, dis-
cussed at the beginning of this paper.
What, then, is ethical about science? On this

view, the ethics of science, or the ethos of the
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scientific community, consists in its responsible
exercise of that very rationality which it has his-
torically achieved. What the metasciences can
contribute to the improvement of human life is
not what the sciences can contribute, but it is also
not negligible. The metasciences can, in terms of
that critical rationality which flourishes in free
and open exchange and debate, begin to study
both the contemporary and historical forms of
human reason, pure and impure, and to assess
how this reason is brought to bear on contempo-
rary social questions. The public good, however
indirectly, will be served well if reason is served
well. More than this is applied metascience, And
this paper is intended only as a prologue to that
~=-

NOTES

1. Thomas Kuhn's work was not the first study
of science to relate science to its larger
human and social contexts. In fact, The
Structure of Scientific Revolutions remains
largely an "intemalist" work that deals with
some sociological questions within the scien-
tific community, but doesn't yet deal with
the relatively more "external" social histori-
cal contexts of scientific revolutions. The re-
lations of science with society, and with its
specific social, historical, or technological
contexts were already the subject of much
earlier studies such as those of Zilsel,
Neurath, Bernal, Needham, and others; and,
in explicitly Marxist terms, by Hessen [on
Newton) and Farrington (on ancient Greek
science). Polanyi emphasized the more ram-
ified contexts of scientific thought, in his
concepts of "personal" and "tacit" knowl-
edge. More recently, Ravetz, Holton, R.S.
Cohen, Mendelsohn, and many others, have
called attention to the social conditions of
the production of scientific knowledge. There
are, of course, the alternative philosophical
frameworks, discussed later in this article,
which provide a framework for the critique of
science as a social institution, e.g., the whole
tradition of Critical Theory, from Hork-
heimer and Marcuse to Habermas, as well as
much of the [Marxist and non-Marxist) con-

temporary work in sociology of science. The
point is that, although this large literature on
science was current in English thought and
especially in non-Anglo-American thought, it
was largely ignored by, or remained un-
known to, the dominant movement in phi-
losophy of science. Kuhn's work therefore
came as a shock. It shouldn't have. The very
Encyclopedia of Unified Science, in which
Kuhn's work first appeared as a monograph,
included the work of at least two major phi-
losophers whose work placed science in
these larger contexts [i.e., Dewey and Morris,
al though their works did not include studies
of science, or of the history of science as
such). I am grateful to Professors R. S. Cohen
and G. Holton for their comments on this
background.

2. Mario Bunge, Metascientific Queries
(Springfield, Ill: Charles C. Thomas, 1959).

3. J. Halfmann, unpublished paper presented to
the Boston Colloquium for the Philosophy of
Science, 23 October 1979. Forthcoming in
R.S. Cohen and M.W. Wartofsky, eds., Boston
Studies in the Philosophy of Science.

4. J. Habermas, Knowledge and Human Inter-
ests (Boston: Beacon Press, 1971); and K.O.
Apel, The Transformation of Philosophy
(London: Routledge and Kegan Paul, 1980).

5. L. Althusser, Lenin and Philosophy (New
York: Monthly Review Press, 1971). See also
his Essays in Seli-Ctiticism (London: New
Left Books, 1976).

6. The literature here is large and growing. I
may point only to a few of the younger histo-
rians of science working along these lines,
e.g., J.R. Jacob, M. Jacob, S. Goldberg, E.Men-
delsohn, A. McKillop, T. Levere, S. Gould, F.
Gregory, and J. Halfmann.

7. Cf. Robert K. Merton, "Science and Demo-
cratic Social Structure," in Social Theory and
Social Structure (New York: Free Press,
1968), and "The Normative Structure of Sci-
ence," in Sociology of Science (Chicago: Uni-
versity of Chicago Press, 1973). See also Ber-
nard Barber, Science and Social Order (New
York: Collier Books, 1970); and Talcott Par-
sons, The Structure of Social Action (New
York: Free Press, 1949), and The Social Sys-
tem [New York: Free Press, 1951).

8. S.B.Barnes and P.G.A. Dolby, "The Scientific
Ethos: A Deviant Viewpoint," n European
Journal of Sociology l1970).
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