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    When one turns to the magnificent edifice of the physical sciences, and sees how it was reared; what thousands of disinterested moral lives of men lie buried in its mere foundations; what patience and postponement, what choking down of preference, what submission to the icy laws of outer fact are wrought into its very stones and mortar; how absolutely impersonal it stands in its vast augustness—then how besotted and contemptible seems every sentimentalist who comes blowing his smoke-wreaths, and pretending to decide things from out of his private dream!

    William James, “The Will to Believe”

    There are no scientific methods which alone lead to knowledge! We have to tackle things experimentally, now angry with them and now kind, and be successively just, passionate and cold with them. One person addresses things as a policeman, a second as a father confessor, a third as an inquisitive wanderer. Something can be wrung from them now with sympathy, now with force; reverence for their secrets will take one person forward, indiscretion and roguishness in revealing their secrets will do the same for another. We investigators are, like all conquerors, seafarers, adventurers, of an audacious morality and must reconcile ourselves to being considered on the whole evil.

    Friedrich Nietzsche, Daybreak

    Falsehood is so easy, truth so difficult…. [E]ven when you have no motive to be false, it is very hard to say the exact truth….

    George Eliot, Adam Bede
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    Even reviewers read a preface.

    —Philip Guedalla1

    The first edition of this book appeared in 2003—just fifty years after Watson and Crick's discovery of the structure of DNA, and ten years after the Supreme Court's landmark ruling on scientific testimony in Daubert:2 pure serendipity. Now, writing this new preface to the paperback edition, I have an opportunity not only to clear up some misunderstandings of my position, but also to comment on some striking recent scientific and legal developments bearing on themes in the book: battles on school boards and in the courts over “Intelligent Design Theory”; the gathering storm of litigation over Vioxx; progress on the Martian front. I shall even be able to say, once or twice, “I told you so”: pure serendipity again.

    1. CRITICAL COMMON-SENSISM AND ITS MISUNDERSTANDERS

    As I wrote in the preface to the first edition, this book “is not intended as another salvo in the so-called ‘Science Wars.’ Rather, its purpose is to articulate a new, and hopefully a true, understanding of what science is and does” (p. 9)—a new understanding, as the subtitle promises, “between scientism and cynicism.” Some readers, among them the reviewers who chose the memorable headlines “Make Sense, Not War”3 and “Forget Popper: Read Susan Haack!”4—thought I had succeeded in the task I set myself; but, inevitably, some did not.

    “First…a new theory is attacked as absurd; then it is admitted to be true, but obvious and insignificant; [and] finally it is seen to be so important that its adversaries claim that they discovered it themselves”; thus William James, despairing at the reception of his pragmatism.5 And sure enough, some readers thought that what I said isn't true; some thought that, though true enough, it is of no real importance; and some thought that the main ideas were already well known in recent mainstream philosophy of science. Others suspected that my approach might not really be, as advertised, intermediate between scientism and cynicism; and some seemed to have no grip on how the book fits together. So—how does the saying go?—“listen very carefully; I shall say this only once more…”

    Misunderstanding #1: My Position Isn't Really “Between Scientism and Cynicism”

    So far, anyway, no one has accused me of cynicism; but a few readers have suspected me of scientism.

    Writing in the opening chapter that “we are confused about what science can and what it can't do,” I classify the confusions into two types: the scientistic, “an exaggerated kind of deference towards science, an excessive readiness to accept as authoritative any claim made by the sciences, and to dismiss every kind of criticism of science or its practitioners as anti-scientific prejudice,” and the anti-scientific, “an exaggerated kind of suspicion of science, an excessive readiness to see the work of the powerful in every scientific claim, and to accept every kind of criticism of science or its practitioners as undermining its pretensions to tell us how the world is.” But science isn't sacred, I continue, and neither is it a confidence trick; it is a fallible, limited, and thoroughly human enterprise, but for all that, a remarkably successful one, as human enterprises go (pp. 17–19). These themes run through the whole book, from my critique of the Old Deferentialism in philosophy of science and the New Cynicism in sociology of science to my discussions of the place of science in our culture, its value, and its dangers.

    At the core of the scientific enterprise, as of history, of legal and literary scholarship, of investigative journalism, of detective work, etc., is inquiry, investigation; and scientific inquiry is subject to the same standards of honesty, thoroughness, and respect for evidence as all inquiry is. Like all inquiry, inquiry in the sciences is fallible and imperfect, often fumbling, and susceptible to corruption by prejudices and interests. Nevertheless, in their fallible, fumbling, human way, the natural sciences, at least, have found out a good deal about the world and how it works, and so “have earned, not our uncritical deference, but our tempered respect” (p. 23).

    Perhaps some readers thought that, since I take the concepts of evidence, warrant, truth, and reality to be both legitimate and central to an understanding of the scientific enterprise, my approach can't be so different from the Old Deferentialists’. But it is; for it construes the standards of good evidence and well-conducted inquiry neither as internal to the sciences, nor as explicable, as the Old Deferentialists supposed, exclusively in narrowly formal, logical terms. Moreover, it repudiates the false contrast of the rational and the social taken for granted by Old Deferentialists and New Cynics alike. It is more objectivist—more rationalist, in one sense of the word—than the New Cynics’ conception; but at the same time less imperialist, and less formalist, than the Old Deferentialists’.

    Probably other readers thought that my refusal to minimize the tensions between the scientific and religious world-pictures, and my respect for the way “the sciences have gradually arrived, entry by painstakingly worked-out entry, at a…better-warranted view of the world and of ourselves,…come to terms with the inevitability of ignorance and uncertainty, and developed modest and practicable ways, amplifying the resources of everyday empirical inquiry, of finding out how things are” (p. 268), is scientistic. I don't think so. After all, I criticize Stephen Jay Gould's attempted reconciliation of the supposed “separate magisteria” of science and religion in part because it doesn't take religion seriously enough; and my judgment that the scientific world-picture is far better-warranted than the religious is precisely that, an epistemological judgment—not an expression of uncritical deference to science, let alone of science-worship.

    Misunderstanding #2: I Think Science Is “Just Common Sense”

    Signaling my conception of the sciences as continuous with inquiry generally, I borrow Peirce's phrase “Critical Common-sensism.” Some readers relished both the idea (“wholly intuitive,” one reviewer wrote) and the phrase (“wonderfully appropriate,” she continued).6 But a few, apparently ignoring the “Critical” part, took me to be saying that science is “just common sense,”7 and then made the obvious objections: that currently accepted scientific theories are very far removed from commonsense conceptions of the world; that scientists have developed experimental controls, tests of statistical significance, etc., hardly routine in our everyday inquiries. Indeed; but I say all this myself—unmistakably plainly, or so I naively supposed.

    The core idea of Critical Common-sensism is that inquiry in the sciences is like empirical inquiry of the most ordinary, everyday kind—only conducted with greater care, detail, precision, and persistence, and often by many people within and across generations; and that the evidence with respect to scientific claims and theories is like the evidence with respect to the most ordinary, everyday claims about the world—only denser, more complex, and almost always a pooled resource. The key qualification is signaled not only by the “Critical” in “Critical Common-sensism,” but also by the subtitle of chapter 3, “Solving the Puzzle of Scientific Evidence: A More-So Story,” and by the title of chapter 4, “The Long Arm of Common Sense: Instead of a Theory of Scientific Method.” It is also conveyed by quotations from Einstein: science is “nothing more than a refinement of our everyday thinking” (pp. 9–10), and from Thomas Huxley: “[t]he man of science simply uses with scrupulous exactness the methods which we all, habitually and at every moment, use carelessly” (p. 95).

    That very common but very misleading honorific use of “science” and “scientific” as generic terms of epistemic praise obscures the otherwise obvious fact that not all and not only scientists are good inquirers, and encourages a fruitless preoccupation with “the problem of demarcation,” of how to draw the line between genuine science and pretenders. But in its more straightforward descriptive use, the word “science” simply refers to a loose federation of kinds of inquiry into a characteristic (if not a closed or sharply definable) kind of question about the world. This more straightforward usage alleviates old anxieties about demarcation, and clears the way for a reappraisal of old questions about “scientific method.”

    There is no uniquely rational mode of inference or procedure of inquiry used by all and only scientists, and responsible for the remarkable successes of the sciences; no “scientific method,” that is, in one common understanding of that phrase. All serious empirical inquirers—historians, detectives, legal and literary scholars, etc., as well as scientists—use their imagination to come up with a hypothesis which, if true, would explain some puzzling event or phenomenon; seek out all the relevant evidence they can lay hands on; and use their judgment whether to accept the conjecture, modify it, reject it and start again, or figure out how to get more decisive evidence.

    There are, however, many and various scientific methods, constantly evolving, and often local to this or that area of science. Over the centuries, scientists have developed a great variety of special procedures, techniques, and tools, “helps” to inquiry, to borrow Francis Bacon's happy word: models and metaphors that stretch the imagination; instruments of observation that extend and amplify human sensory capacities; devices of experimental design—controls, double-blinding, etc.—to help rule out interfering factors; numerals, the calculus, statistical techniques, and now, ever-more complex and sophisticated computer programs that enhance human powers of reasoning; even an internal social organization that enables evidence-sharing and division of labor, and helps keep most scientists, most of the time, reasonably honest. And these refinements and amplifications of the resources and procedures of everyday empirical inquiry, though of course themselves fallible and imperfect, tend by and large and on the whole to extend evidential reach, to sustain respect for evidence, and to enable more rigorous assessment of its worth. Scientific investigation is an extension of everyday empirical inquiry; it is not “just common sense.”

    Misunderstanding #3:“It's Just an Analogy”

    My account of the warrant of scientific claims begins with an analogy between the structure of evidence and a crossword puzzle. A few readers thought I drew the analogy from Einstein, whom I quote at the head of chapter 3. Not so; as I say on the very next page, I had begun to develop this analogy years before I discovered Einstein's (very brief, though very welcome) anticipation. Worse, some readers thought the analogy is my theory of evidence and warrant. Again, not so; it is only the first step towards such a theory.

    How reasonable a crossword entry is depends on how well it fits with the clue and the other already-completed intersecting entries; how reasonable those other entries are, independent of this one; and how much of the crossword has been completed. Analogously, how warranted a claim is depends on how well it is supported by experiential evidence (the analogue of clues in a crossword), and reasons (the analogue of already-completed intersected entries); how warranted the reasons are, independent of the claim in question; and how much of the relevant evidence the evidence includes. But the role of the analogy “is only to suggest ideas, which then have to stand on their own feet” (p. 58); and so far from being the end of the story, this is where the hard work begins.

    I take the degree of warrant of a scientific claim, as of any empirical claim, to depend on the quality of the evidence available at a time; and I take the evidence with respect to scientific claims to include experiential (perceptual) evidence and reasons (background beliefs, i.e., other accepted propositions). It is individuals who see, hear, smell, etc., and individuals who have beliefs. So the first stage in the construction of a detailed theory is to articulate the personal conception of warrant (“p is warranted for individual x to degree n at time t”); the next, to articulate the social conception (“p is warranted for group G to degree n at time t”); and the third, to articulate the impersonal conception (“p is warranted to degree n at time t”).

    I take experiential evidence to consist, not of propositions, but of perceptual events—a person's seeing or hearing, etc., this or that; and to contribute to the warrant of a claim for that person in virtue of the way language is learned. But instead of the familiar distinction between the observational part of language, supposedly learned ostensively, and the theoretical, supposedly learned by verbal definition, I posit a continuum from words and phrases learned largely by association with ongoing visual, etc., experience and in smaller part through intra-linguistic connections, to words and phrases learned largely by intra-linguistic connections and in smaller part by experiential associations. The more things looking, etc., this way or that contributes to the meaning of the expressions in a claim, the greater the contribution of experiential evidence to its warrant.

    Unlike experiential evidence, reasons are propositional; but supportiveness, as I construe it, is not a narrowly logical matter. Rather, how supportive someone's reasons are depends on how well they and the claim in question fit together in an explanatory story. But explanatoriness requires a vocabulary that identifies real kinds of thing or phenomenon; and so supportiveness depends on content, not on form alone.

    Because it gives an epistemological role both to scientists’ perceptual interactions with individual things and events around them, and to the relation of terms in the vocabularies of the sciences to kinds of thing and phenomenon, Critical Common-sensism is, as I say, “worldly.” It is also, in a sense, realist. Unlike instrumentalism, it takes scientific theories to be (ordinarily) true or else false; unlike constructive empiricism, it takes scientists to be trying to discover, not just “empirically adequate” but true answers to the questions that concern them; and unlike radical social constructivism, linguistic idealism, and irrealism, it takes there to be a real world—i.e., a world independent of how we describe it or believe it to be.

    But mine is a modest, “innocent” realism. It allows us to acknowledge that our perceptual powers are limited, imperfect, and sometimes distorted by our expectations; it requires no cleanly distinguishable class of observation statements, or of observable things. It allows us to acknowledge that truth is not transparent, and that scientific progress is uncertain and often ragged; it makes no claims about the truth of current scientific theorizing. It understands “real” modestly, as “independent of how we believe it to be”; and it conceives of kinds modestly, as knots of properties held together by real laws. The realist core of Critical Common-sensism is simply this: for scientific inquiry to be possible at all—for any kind of empirical inquiry to be possible at all—our sensory organs must be capable of putting us in touch with things and events in the world, and those things and events must be of kinds, and subject to laws.8

    Critical Common-sensism is worldly, modestly realist—and also social. For the degree of warrant of a claim for a group of people depends in part on how efficiently evidence is shared among its members; and the degree of warrant of a claim at a time depends in part on what the best evidence possessed by any individual or group at that time is.

    Even with all this in hand, more work remains: to articulate the concepts of justification and confirmation, and their relation to warrant; to explain the reasons for skepticism not only about the prospects for a formal “inductive logic,” but also about the contribution that the mathematical calculus of probabilities could make to our understanding of warrant; and to resolve the old “paradoxes of confirmation,” and disambiguate Quine's underdetermination thesis. “Just an analogy”? I don't think so.

    Misunderstanding #4:“We Had It All Along”

    Some readers, allowing that what I say is true and even significant, thought my ideas were merely variations on themes already familiar in recent mainstream philosophy of science; in short, they thought, “we had it all along.” None, however, seemed very clear who, exactly, the “we” were—or what the “it” was; in fact, they all apparently took a very liberal view of “saying the same thing.”

    To be sure, as I say on pp. 52–53, “the idea that narrowly logical, formal conceptions of science are inadequate is quite a familiar one” in the current mainstream; “nor am I alone in aspiring to articulate an account which is [to use my terminology] neither deferentialist nor cynical”; but, I continue: “my diagnosis of what is most conspicuously, and most consequentially, missing [both from the Old Deferentialism and from the New Cynicism]…will not be so familiar; nor my account of the nature and structure of evidence for scientific claims and theories, or my Critical Common-sensist approach to questions about the methods of science.” Though many besides myself now recognize the need to go beyond a narrowly logical approach, I don't believe they have actually done what needs to be done, as I have tried to do.

    Not that my approach is lacking in antecedents; but my most important intellectual debts are not to recent philosophy of science, but to much older thinkers. As I happily acknowledge, besides Einstein and Huxley, John Dewey, James Conant, Percy Bridgman, and Gustav Bergmann also conceived of scientific inquiry, as I do, as a refined, amplified extension of everyday empirical investigation. (If I were writing the book now, I would add Sidney Hook to the list.) So far as I know, however, this insight has not been embraced or developed in more recent philosophy of science.

    And, as I would happily have acknowledged had I known it when I wrote the book, both John Maynard Keynes and Richard von Mises were skeptical, as I am, about the relevance of the mathematical calculus of probabilities to epistemological questions: Keynes suspected that it may not be possible to assign numerical values to epistemic probabilities, or even, always, to order them; von Mises insisted that the calculus of probabilities applies only where we are dealing with a large class of uniform events, not to epistemic probabilities.9 But this insight has not been embraced or developed in more recent philosophy of science, either.

    Granted, many besides myself now have doubts about the viability of a sharp distinction between observational and theoretical statements, and acknowledge the fallibility of even those statements closest to observation—though this is hardly an insight of recent philosophy of science, but was acknowledged decades ago by both Popper and Hempel (neither of whom, however, knew what to do with it). But my understanding of experiential evidence as consisting not of statements but of perceptual events, and my account of how such evidence contributes to the warrant of scientific claims, is certainly not a commonplace of recent philosophy of science.10

    Again: many besides myself now see science as a deeply social enterprise—though this is hardly an insight of recent philosophy of science either, but will be entirely familiar to anyone who has read Peirce or Dewey.11 But my stress on evidence-sharing and its relevance to warrant, and on the ways in which the internal organization and external environment of science may help or may hinder its progress, is not a commonplace of recent philosophy of science either.12

    Nor does the Critical Common-sensist conception of the social dimensions of science have much in common with the characteristic themes of recent radical sociology of science, Science Studies, feminist critique of science, etc.: the sexism, racism, classism, etc., allegedly lurking behind the epistemic pretensions of the sciences. As the quotations at the head of chapter 6 reveal, it has more affinity with the ideas of Robert Merton (now apparently regarded in Science Studies as hopelessly passé) and Michael Polanyi (apparently off the radar screen altogether).

    I decline to take on “the overwhelming task of surveying all the many and various sociological, ethnomethodological, feminist, literary-theoretical, etc., etc., expressions of the New Cynicism…[or] all the many and various Bayesian, decision-theoretic, neo-Popperian, error-theoretic, model-theoretic, neo-pragmatist, naturalized, neo-instrumentalist/constructive-empiricist, etc., etc., approaches developed in recent mainstream philosophy of science” (pp. 52–53). But I note significant points of agreement, and of disagreement, as I pursue my own constructive project. Had they consulted the index, some of those who imagined that they or their friends had said it all already would have found that I explicitly criticize the familiar idea they mistakenly attribute to me. “We had it all along”? Again: I don't think so.

    Misunderstanding #5:“Only Disconnect”

    The reviewer who described the book as “like dendrite or coral rather than a string of beads” saw how its ramifying structure conveys “the multiplicity and variety of science and of the problems and issues that surround it.”13 This argumentative structure ramifies outward from the core epistemological and metaphysical ideas worked out in the first half of the book to the questions about the place of science in our culture tackled later. Sadly, however, some readers missed the myriad ways in which ideas about evidence, method, reality, kinds, and laws play through the entire argument.

    For example: as the title of chapter 6 puts it, the natural and the social sciences are “The Same, Only Different.” Social scientists, like natural scientists, make potentially explanatory hypotheses and check how well they stand up to evidence; but the kinds of explanation they seek, and the kinds of evidence on which they rely, are different. Not surprisingly; for they explore different aspects of the world, a social reality which a modified Innocent Realism helps us understand. This in turn suggests how the social sciences may be integrated with the natural sciences, though not reduced to physics or biology.

    Again: cynical sociologists of science, apparently forgetting that science is a kind of inquiry, neglect the role of evidence; but a sensible, epistemologically informed sociology could help us understand the ways in which the internal organization and the external environment of science can foster efficient sharing of evidence and division of intellectual labor, and encourage honesty and thoroughness—or discourage them (chapter 7). Similarly, radical rhetoricians who focus exclusively on “the literature of science” neglect the worldly character of scientific inquiry, and fudge the differences between investigation constrained by evidence and the free play of the imagination; but a reasonable, epistemologically informed rhetoric of science could contribute to our understanding of the mechanisms of evidence-sharing and of the shifts and adaptations of the vocabularies of science (chapter 8).

    And again: in Daubert, perhaps seduced by the honorific use of “science,” casting around for a criterion to distinguish genuinely scientific, and hence reliable, testimony from “junk science,” the Supreme Court settled on an unstable amalgam of Popper's falsificationism and Hempel's confirmationism (chapter 9).14

    On the relation of science and religion: whereas “science” refers primarily to a class of inquiries and only secondarily to a body of accepted propositions, the core of a religion (in the relatively narrow sense in which the question of compatibility with science makes sense) is a body of beliefs, a creed. Theology, unlike religion, is in the inquiry business; but, unlike the sciences, it is discontinuous from everyday empirical inquiry both in relying on religious experience and revelation as supposed sources of evidence, and in welcoming supernatural explanations. But (as Einstein suggests) the passion to understand that drives the dedicated scientist has something in common with the self-transcendence of the religious man (chapter 10).

    On the value and the dangers of science: science is valuable not only for the knowledge thus far accumulated, and not only for the ways in which technology has improved our lives, but also as a manifestation of the human talent for inquiry, “represent[ing], at its best, a remarkable amplification and refinement of human cognitive capacities” (pp. 302–303); however, as with every human enterprise, its integrity can be threatened by political pressure, by commercial interests, or by simple vanity, greed, or pride (chapter 11).

    And finally: predictions of “the end of science” range from cynical anticipations that the epistemological pretensions of the sciences will eventually be seen to be baseless, through pessimistic fears that eventually society will become unwilling to support the scientific enterprise, to optimistic hopes that eventually all the entries in the whole, huge crossword will be completed.

    It should go almost without saying: this book is itself structured like a crossword puzzle. Inevitably, I had to leave some entries blank; serendipitously, now I can fill in a few words here and there.

    2. NEWS FROM THE CRITICAL COMMON-SENSIST NETWORK

    As you might expect, the news is mixed: battles over high-school biology teaching reveal that the “warfare of science with theology” is far from over, and scientific and legal controversies over Vioxx and Celebrex reveal how sponsors’ interests can get in the way of scientific progress; but, after much fumbling and failure, a little ripple of speculation about the possibility of early Martian life begins to lead in promising directions.


    Early in the book I poke a little gentle fun at the epistemological pretensions implicit in such coinages as “Management Science,” “Library Science,” “Military Science,” “Mortuary Science,” and “creation science” (pp. 18–19). Later, I look more closely at the most recent manifestation of soi-disant creation “science,” Intelligent Design Theory. Noting that in 2000 an editorial in the Wall Street Journal described ID as “a sophisticated theory now being argued out in the nation's top universities,” I comment that “[t]he intellectual excitement created by this ‘sophisticated theory’ does not extend to departments of biology; and for good reason: intelligent design hardly warrants the title ‘theory,’ let alone ‘sophisticated theory'…” (p. 279).

    Departments of biology still aren't noticeably excited; but by now, thanks in large part to the efforts of the Center for Science and Culture at the well-funded Discovery Institute in Seattle, Intelligent Design Theory has hit the headlines—and the courts. In 2005, courts in Georgia and Pennsylvania ruled that proposed “evolution disclaimers” in public-school biology texts or classrooms violate the Establishment Clause of the First Amendment to the Constitution.15 Kitzmiller, the Pennsylvania case, is especially apropos.

    In November 2004 the Board of Directors of Dover High School announced that teachers would be required to read the following statement to students in ninth-grade biology:

    The Pennsylvania Academic Standards require students to learn about Darwin's Theory of Evolution and eventually to take a standardized test of which evolution is a part.

    Because Darwin's Theory is a theory, it continues to be tested as new evidence is discovered. The Theory is not a fact. Gaps in the Theory exist for which there is no evidence. A theory is defined as a well-tested explanation that unifies a broad range of observations.

    Intelligent Design is an explanation of the origin of life that differs from Darwin's view. The reference book, Of Pandas and People, is available for students who might be interested in gaining an understanding of what Intelligent Design actually involves.

    With respect to any theory, students are encouraged to keep an open mind. The school leaves the discussion of the Origins of Life to individual students and their families. As a Standards-driven district, class instruction focuses upon preparing students to achieve proficiency on Standards-based assessments.

    If a teacher declined to read the statement, an administrator was to read it instead; no discussion was to be allowed.

    Tammy Kitzmiller and other parents of Dover schoolchildren brought suit alleging that this violated the First Amendment. In December 2005 Judge John E. Jones III issued his opinion in favor of the plaintiffs: a thorough belt-and-braces analysis of the constitutional issues, and a sober critique of the shenanigans at the school board to get the resolution passed and of the creationist pedigree of the recommended book, Of Pandas and People. (Before the ruling, all eight members who were being sued were voted off the school board.16 After the ruling, Judge Jones ordered the defendants to pay $1 million in costs:17 quite a disincentive, one imagines, to other school boards thinking of following Dover's example.)

    That disclaimer statement is a horrid hodgepodge of confusions. It opens and closes with a classic suggestio falsi, implying, without quite saying, that the school teaches evolutionary biology only because this is required by state academic standards. It incoherently combines a very weak usage in which calling something a “theory” demotes it by suggesting that it's just someone's opinion, not known fact, with a very strong usage which implies that an as-yet untested or now-discredited “theory” isn't really a theory at all. (Perhaps the idea is to convey, without quite saying, that while the theory of evolution is “only a theory”—after all, “[g]aps in the Theory [of evolution] exist for which there is no evidence”—Intelligent Design is a theory in the strong sense, well-tested and explanatory.) It intimates that the theory of evolution is a theory of the origin of life; it isn't (pp. 178–79). And as for the laughable suggestion that students and their parents should figure out how life originated by debating the question around the kitchen table—oh, never mind!

    Thorough and thoroughly sensible as it is, Judge Jones's ruling doesn't catch all these muddles; mostly to the present point, it relies more than I wish it did on some questionable claims about the status of naturalism and the demarcation of science. Judge Jones describes “methodological naturalism” as “a self-imposed convention of science.” But if you aren't fooled by the honorific use of “science” into thinking that to classify a proposed explanation as “not scientific” is ipso facto to show that it's no good—which really would be scientism—you will realize that this is no reason to favor naturalism over supernaturalism. The problem with supernatural explanations isn't that scientific convention eschews them; scientists eschew them because they don't really explain at all. “[C]ommitment to naturalism is not merely the expression of a kind of scientific imperialism; for supernatural explanations are as alien to detective work and history as to our everyday explanations of spoiled food or delayed buses as they are to physics or biology.” Positing a designer who is neither in space nor in time, Intelligent Design Theory “offers not the tiniest foothold from which to climb to a specific account of how God did it” (p. 279). It's just “God spake, and it was done” in a fancy new vocabulary.

    The plaintiffs took ID to be essentially a religious idea, pointing out, for example, that references to “intelligent design” in the present edition of Pandas had replaced references to “creation” in the first edition. Predictably, the defendants maintained that intelligent design is a scientific theory. And so, inevitably perhaps, vaguely Popperian references to testability—now combined with the deference to peer-reviewed publication encouraged by Daubert—are heard in the Kitzmiller opinion. But the debate that followed the ruling on creation “science” in McLean18 should have taught us that the old falsifiability criterion really won't do the job, and reminded us of Popper's own uncertainty about whether the theory of evolution is or isn't science.19 Though cases like Kitzmiller make issues about demarcation almost inescapable, there really is no satisfactory solution: the category “non-science” is so ample and diverse, and the political and educational issues at stake in these legal cases are so unlike the issues Popper was wrestling with.

    True, proponents of Intelligent Design Theory seem to be caught up in the kind of pseudo-inquiry we call advocacy “research”; unfortunately, however, elision of genuine inquiry into something more closely resembling advocacy also sometimes happens, if to a lesser degree, in the biological (and other) sciences. Maybe I'm naive; but I find myself thinking wistfully of a world in which such cases would never need to be brought, because school boards appreciated the good and sufficient educational reasons against including Intelligent Design Theory in the science curriculum: that no substantive evidence warrants it to even the most modest degree.

    The proponents of intelligent design would doubtless reply that the difficulties in evolutionary theory warrant taking ID seriously. Not so; for, as Judge Jones realizes, “either evolution or Intelligent Design” doesn't exhaust the options. The authors of Pandas place particular emphasis on the gaps in the fossil record, and specifically on “how large the differences between early fish and amphibians really were.”20 So it's almost too good to be true—but true it is: in April 2006 a paper in Nature described the newly discovered fossils of 375 million-year-old crocodile-headed giant fish, dubbed the “Tiktaalik,” which had scales, gills, and fins, and other attributes of fish, but also, in the forward fins, primitive forms of digits, proto-wrists, elbows, and shoulders; which appears, that is, to be a link in the evolution of some fish from living in water to walking on land.21 A spokesperson for the Discovery Institute, professing unconcern, maintained that “few leading [ID] researchers have argued against the existence of transitional forms.”22 Oh dear.

    Early in the book, I warn that “there are no grounds for complacency about the present condition of science…. While scientific techniques and instruments grow ever more sophisticated, the mechanisms needed to sustain intellectual integrity are strained” (p. 27). One concern is that ever-increasing career pressures on scientists may encourage dishonesty, from trimming and fudging to outright fraud (pp. 196–201): another topic that has been in the news of late. In one month, January 2006, we learned that Dr. Hwang Woo Suk—so celebrated in his native Korea that his promise to make paralyzed people walk was engraved on a postage stamp—fabricated evidence in his research on cloning human stem cells;23 and an “Expression of Concern” in the Lancet revealed that a paper by Dr. Jon Sudbø published the year before, reporting a study supposedly showing that non-steroidal anti-inflammatory drugs (NSAIDs) reduce the risk of oral cancer, rested on completely fabricated data—as, he admitted, did two earlier studies of his.24

    Another concern is that scientific work supported by private industry may be distorted by sponsors’ ulterior concerns. In this context, I note in passing that the manufacturers of Vioxx and Celebrex “apparently sought to downplay research suggesting that these hot new arthritis drugs—on which more advertising dollars are being spent than on Coca-Cola—might carry an increased risk of heart attacks” (p. 320).25 Now this disturbing story is headline news.

    For the five-and-a-half years Vioxx was on the market, Merck spent more than $100 million a year on direct-to-consumer advertising; more than 80 million people took the drug; and annual sales exceeded $2.5 billion.26 In September 2004 Merck withdrew Vioxx because of concerns over cardiovascular risks. By late April 2006 an enterprising group of lawyers was offering, for a percentage of any verdict against Merck, a “litigation package” that would make it feasible for smaller firms to take on Vioxx cases; by November 2006 there were around 24,000 Vioxx lawsuits pending against the company, including one brought by insurers and other parties that paid for Vioxx taken by millions of patients.27 When Merck withdrew Vioxx, Pfizer suspended its huge advertising campaign, but continued to maintain that no studies showed that Celebrex carried cardiovascular risks. Now, however, advertisements for Celebrex warn in bold letters that the drug “may increase the chance of a heart attack or stroke that can cause death.” The first Celebrex suit against Pfizer, originally scheduled to begin in June 2006, has been postponed.28

    So, what happened? For more than forty years, conventional NSAIDs were used for the control of chronic pain; but these drugs carry increased risk of bleeding ulcers in susceptible patients. So it seemed a big advance when new NSAIDs were developed that inhibit the Cox-2 enzyme, which causes inflammation, without affecting the Cox-1 enzyme, which protects against the adverse gastrointestinal effects. These included Vioxx (rofecoxib) and Celebrex (celecoxib), approved by the FDA in 1999.29

    Merck's first large clinical trial, the VIGOR study, showed that Vioxx carried a lower risk of adverse gastrointestinal effects than the rival drug naproxen (Aleve); and so did the company's subsequent, smaller ADVANTAGE study. After FDA approval, a report of the VIGOR study was submitted to the New England Journal of Medicine, where it appeared in November 2000.30 This indicated the gastrointestinal benefits; but it also suggested a significantly higher rate of myocardial infarction in those taking Vioxx than in those taking naproxen for more than eighteen months.31 Merck attributed this to a cardio-protective effect of naproxen;32 but by early 2001 an FDA review concluded that “it is mandatory to conduct a trial specifically assessing the cardiovascular risk of [Cox-2 inhibitors].”33 No such trial was conducted; but in 2002 Merck was required to add a warning label to the package insert. In 2004 Merck's third major clinical trial, the APPROVe study—designed to show that Vioxx lowered the risk of colon polyps—was halted by the data safety–monitoring board when it emerged that patients given 25 mg of Vioxx for more than eighteen months had a fourfold greater incidence of serious thromboembolic events. This led to the withdrawal of the drug.34

    In April 2005 the New York Times reported that the published account of the ADVANTAGE trial had omitted three cardiac deaths among Vioxx patients. The purported lead author explained that Merck scientists had designed, paid for, and run the study, and written the report; his role was only to give editorial help after the paper was written, and he hadn't known about the additional deaths.35 In December of that year the New England Journal published an “Expression of Concern” about “inaccuracies and deletions” in the report of the VIGOR trial: three heart attacks among Vioxx patients had been omitted. Merck replied that these occurred after the cut-off date of the trial; but on behalf of the journal Dr. Jeffrey Drazen explained that the study had been misleadingly designed: the cut-off date after which it stopped tracking gastrointestinal effects was later than the cut-off date after which it stopped tracking cardiovascular effects. Only later did we learn that a correspondent had alerted the editors of the journal about the omitted heart attacks years before, in June 2001; and that the journal had been prompted to publish its “Expression of Concern” in December 2005 on the advice of their public-relations specialist Edward Cafasso, who warned them that, in view of testimony that was to be given the next day in a Vioxx case in which executive editor Dr. Gregory Curfman had been deposed, it was essential that the journal post something right away.36

    What about Celebrex? The CLASS study, completed and published in the Journal of the American Medical Association in 2000,37 indicated that Celebrex carried a significantly lower risk of adverse gastrointestinal effects than conventional NSAIDs. Subsequently, however, letters to the journal pointed out that the article reported only data from the first six months of the twelve-month trial, while the more complete information available on the FDA Web site revealed that “[f]or upper GI safety, and also global safety, there does not appear to be any meaningful advantage for Celebrex”; and that patients with pre-existing cardiovascular disease had been excluded from the study.38 In December 2004 a study published online suggested that Celebrex offered some protection against non-fatal myocardial infarction; but in the same month the National Cancer Institute halted the Adenoma Protection with Celebrex (APC) trial, and a second trial, the PreSAP study, because of a 2.5-fold increased risk of acute MI and stroke in patients given 400 mg of Celebrex a day, and a 3.4-fold increase in patients given 800 mg.39 This led to the warning added to the package insert and advertisements for Celebrex. And then, a twist in the tale: analysis of the results of the two halted studies, reported at the annual meeting of the American Association for Cancer Research in April 2006, showed a dramatic reduction in risk of colon cancer in patients given Celebrex.40

    In mid-December 2005 the Cleveland Clinic announced that it will direct a worldwide clinical trial of around twenty thousand patients to assess the relative safety of ibuprofen, naproxen, and celecoxib.41 But if sponsors’ interests hadn't got in the way, mightn't we have known years ago which patients which NSAIDs could most benefit, and which patients which NSAIDs were likely to do more harm than good?

    And now, the better news.

    Early in the book, to illustrate how evidence ramifies, I describe the controversy over a four-billion-year-old Martian meteorite discovered in Antarctica, and found to contain what might possibly be fossilized bacteria droppings (p. 23). Later, to illustrate how ragged and uneven progress in the sciences can be, I describe the saga of efforts to get more evidence: the probes that burned up in the Martian atmosphere, or crashed because of software glitches or, in one instance, a confusion of pounds and kilograms in engineers’ calculations. All the same, I add, “I haven't much doubt that the truth will eventually come out” (p. 118; see also p. 320).

    By now, several exploratory spacecraft are orbiting Mars; the mobile robots Spirit and Opportunity are providing geological information about its surface;42 and another Martian meteorite, this one discovered in Egypt, is yielding more clues.43 We now know that there was once water on Mars, and that the second meteorite, like the first, contains what may be Martian fossils. And there is a new twist in this tale as well: in March 2006 the Cassini probe detected a plume of icy water from one of the moons of Saturn, Enceladus—an indication that an ocean may be hidden under the frozen surface.44 We still don't know whether there was early bacterial life on Mars, or elsewhere; but we're slowly getting closer.


    “So there,” as the Underground Grammarian might have put it. “Let nothing you dismay.”45

    December 2006
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    My title speaks of “Defending Science”; but, though every now and then you will hear the rumble of a distant skirmish, or smell a whiff of gunpowder, this book is not intended as another salvo in the so-called “Science Wars.” Rather, its purpose is to articulate a new, and hopefully a true, understanding of what science is and does. Discussions of the Old Deferentialism, with its focus on the “logic of science,” on structure, rationality, and objectivity, and of the New Cynicism, with its focus on power, politics, and rhetoric—and of the deep cultural currents of admiration for and uneasiness about science of which they are manifestations—serve only as background to this constructive project.

    My title speaks of defending science “Within Reason,” and the play on the two meanings is intentional. I shall defend the pretensions of science to tell us how the world is, but in only quite a modest, qualified way (“within reason” in its colloquial sense), and from the perspective of a more general understanding of human cognitive capacities and limitations, and our place as inquirers in the world (“within reason” in a more philosophical sense). Science has managed to discover a great deal about the world and how it works, but it is a thoroughly human enterprise, messy, fallible, and fumbling; and rather than using a uniquely rational method unavailable to other inquirers, it is continuous with the most ordinary of empirical inquiry, “nothing more than a refinement of our everyday thinking,” as Einstein once put it. There is no distinctive, timeless “scientific method,” only the modes of inference and procedures common to all serious inquiry, and the multifarious “helps” the sciences have gradually devised to refine our natural human cognitive capacities: to amplify the senses, stretch the imagination, extend reasoning power, and sustain respect for evidence.

    For a while I toyed with the idea of beginning: “There's no such thing as scientific method, and this is a book about it.”1 But that would have been too clever by half; or rather, it would have been half-right at best. For, once key ideas about scientific evidence and scientific inquiry had begun to come into focus, and I had learned enough of the history of molecular biology to illustrate those ideas from real-life scientific episodes, I glimpsed new ways of approaching difficult but fascinating questions far beyond my original agenda: about the differences between science and literature, the tensions between science and religion, the interactions of science with the law; and about the place of science in our lives, its value, its dangers, its limits, and even the possibility of its eventual annihilation, culmination, or completion. No doubt that's why this now seems to me the most Pragmatist of my books: influenced here by Peirce, there by James, its approach to the social sciences informed by Mead's work, its concern with science and values by Dewey's; and above all, liberated by the example of this rich tradition from the uneasy reluctance of analytic philosophy to stray beyond strictly linguistic, logical, or conceptual questions.

    I came to see more clearly that science is valuable not only for the “magnificent edifice” of knowledge built over centuries by many generations of scientists, not only for the technological developments that have made our lives longer and more comfortable, but as a manifestation of the human talent for inquiry at its limited, imperfect, but sometimes remarkable best. I came to grasp more firmly that, though writers inquire, and scientists write, the word “literature” does not refer, like the word “science,” to a federation of kinds of inquiry, but to a federation of kinds of writing; and so to understand how pointless and unnecessary it is to worry about whether science or literature is more valuable.

    How did I get involved in a project as vast, as demanding, as overwhelming as this turned out to be? For the usual reasons; or at least, my usual reasons. I thought—given the ideas I had sketched in Evidence and Inquiry about the place of the sciences within empirical inquiry generally, and the couple of essays in Manifesto of a Passionate Moderate in which I had taken on some extravagances of self-styled “cultural critics” of science—enough of the surrounding crossword entries were completed, enough letters supplied in as-yet uncompleted entries; so that it should be, not easy exactly, but well within the realm of the feasible to say something useful about scientific knowledge and scientific inquiry, and about the place of science in our culture. As usual, when I began the work I had no idea what I was in for.

    Spelling everything out proved almost as hard as thinking it all through. I have done my best to be as direct as possible, to eschew unnecessary technicalities, and to avoid the dreadful muddy blandness that pervades so much contemporary academic prose. But doubtless—as some readers will think that my ideas are too radical, and others that they are not radical enough; as some will complain that I spend too little time on the niceties of recent philosophy of science, or of the new “Science Studies,” and others that I spend too much; and as some will reproach me for devoting too little attention to arcane details of quantum mechanics, and others for devoting too little attention to ethical issues about stem-cell research—some will find my style too dryly analytic, and others will find it too exuberantly literary, or too wryly playful. What can I say, except that George Eliot was right: “even when you have no motive to be false, it is very hard to say the exact truth”; and even harder when you have a motive, such as the polite reluctance to give offense that I needed to overcome to say forthrightly that the scientific and the religious world-pictures really are incompatible, really can't be reconciled.

    As I write this Preface—almost the last step in a long journey of many false starts and wrong turnings, in which occasional moments of illumination and exhilaration had to compensate for long stretches of near-despair and a constant sense of my inadequacies—I think of Eliot again, this time reflecting, many years after its publication, on her Romola: “There is no book about which I more thoroughly feel that I swear by every sentence as having been written with my best blood.”2 Unfashionable as such Victorian seriousness is in today's academy, it captures my feelings about this book quite precisely.

    January 2003

    NOTES

    Note: In endnotes, books and articles are referred to by short titles; full details are to be found in the bibliography.

    1. Adapted from Steven Shapin's nice line in The Scientific Revolution, p. 1: “There was no such thing as the Scientific Revolution, and this is a book about it.”

    2. My source is Andrew Sanders’ introduction to the Penguin edition of Romola, p. 10.
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    Chapter 1 of this book, “Neither Sacred nor a Confidence Trick,” is a much revised and adapted version of “Defendiendo la ciencia—dentro de la razon,” translated by Wenceslao González, published in Málaga, Spain, in Filosofía actual de la ciencia, ed. Pascual Martínez Friere, Contrastes, Supplemento 3, 37–56, in 1998. A modified English version, “Defending Science—Within Reason,” was published in Santa Caterina, Brazil, in Principia 3, no. 2, 187–211, in 1999; and a Chinese translation by Chen Bo in Beijing, in Studies in the Dialectic of Nature 17, no. 5, 11–19, in 2001. An abridged version of chapter 3, “Clues to the Puzzle of Scientific Evidence,” appeared in Principia 5, nos. 1–2, 253–81, in 2002. Chapter 8, “Stronger Than Fiction,” is a much expanded and modified version of “Science, Literature, and the ‘Literature of Science’,” published in Partisan Review 67, no. 4, 640–47, and in Occasional Papers 47, American Council of Learned Societies, 45–56, both in the fall of 2000; it also includes material from “Misinterpretation and the ‘Rhetoric of Science’: Or, What Was the Color of the Horse?”, published in Texts and Their Interpretation, Catholic Philosophical Quarterly, 1998, 69–91. Chapter 9, “Entangled in the Bramble Bush,” draws substantially on “An Epistemologist in the Bramble Bush: At the Supreme Court with Mr. Joiner,” published in the Journal of Health Politics, Policy, and Law 26, no. 2, 217–48, in April 2001, and reprinted electronically in Philosophy, Science, and Law in the fall of the same year.


    Various versions of chapters of the book formed the basis of my lectures as Phi Beta Kappa Romanell Professor, delivered at the University of Miami in 1997; of my Gail Stine Memorial Lecture at Wayne State University, and my Bermann lectures at Umeå University, Sweden, in 1999; of my Cowling lectures at Carleton College, my Gilbert Ryle lectures at Trent University, Canada, my Spenser-Leavitt lectures at Union College, and my Gustav Bergman lecture at the University of Iowa, in 2000; of my Henri J. Renard lecture at Creighton University, and a public lecture at Michigan State University supported by the Templeton Foundation, in 2001; and of my lectures as Lansdowne Professor at the University of Victoria, British Columbia, and the lecture I gave on the occasion of my receiving the Faculty Senate Distinguished Scholar Award at the University of Miami, in 2002.

    And parts of the book have been presented in philosophy departments, at conferences, and as public lectures at universities around the world, from Madrid, Santiago de Compostela, and La Coruña in Spain, Lund, Stockholm, and Uppsala in Sweden, Oslo and Bergen in Norway, to Florianópolis in Brazil, as well as at universities and colleges across the U.S. and Canada. An abridged version of chapter 3 was presented, for example, at the International Colloquium on Logic, Epistemology, and Philosophy of Science organized by the editors of Principia in Florianópolis in 2001, and at the “Mind and Language” seminar at NYU, the department of philosophy at VPI, and the European Congress for Analytic Philosophy in Lund in 2003. The short paper that eventually grew into chapter 8 was presented at the annual meeting of the American Council of Learned Societies in 1999; and an early version of the full chapter was presented at the Seminar on Issues in Science and the Humanities at the Whitney Humanities Center at Yale later that year, at the Forum for Contemporary Thought at the University of Virginia in 2000, and as a public lecture organized by the Department of English at the University of Georgia in 2001. The shorter paper that formed the basis of chapter 9, originally written for a conference organized by the School of Law and the Department of Philosophy at the University of North Carolina, Chapel Hill, was presented in the Law Schools at Penn, Virginia, Maryland, Iowa, Boston, Creighton, and the College of William and Mary; the full chapter was presented at Case Western Reserve Law School, and, with some thoughts about differences between the culture of the law in the United States and Canada, at Dalhousie Law School in Nova Scotia.

    I learned a great deal, on all these occasions, from listeners’ comments and questions; as I did from a small army of helpful correspondents, among them not only philosophers but also scientists, historians of science, engineers, economists, and legal and literary scholars; and from the students who asked good questions, brought articles and clippings they thought might interest me, or just looked appropriately baffled when I said something incomprehensible. I am grateful to all the many people who helped, in different ways, to make this a better book than it would have been had I struggled with it entirely alone—not least to the librarians of the University of Miami School of Law, and especially Virginia Templeton, for bibliographical assistance. I am especially grateful to Mark Migotti, who read the whole thing in typescript, raised good questions and made useful suggestions, and even stuck with me through the final process of hunting down repetitive passages and fixing twisted and broken sentences; and, as always, to Howard Burdick—because the usual but-for-whoms don't begin to cover it.
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    That men should rush with violence from one extreme, without going more or less into the contrary extreme, is not to be expected from the weakness of human nature.

    —Thomas Reid, Essays on the Intellectual Powers1

    Attitudes to science range all the way from uncritical admiration at one extreme, through distrust, resentment, and envy, to denigration and outright hostility at the other. We are confused about what science can and what it can't do, and about how it does what it does; about how science differs from literature or art; about whether science is really a threat to religion; about the role of science in society and the role of society in science. And we are ambivalent about the value of science. We admire its theoretical achievements, and welcome technological developments that improve our lives; but we are disappointed when hoped-for results are not speedily forthcoming, dismayed when scientific discoveries threaten cherished beliefs about ourselves and our place in the universe, distrustful of what we perceive as scientists’ arrogance or elitism, disturbed by the enormous cost of scientific research, and disillusioned when we read of scientific fraud, misconduct, or incompetence.

    Complicated as they are, the confusions can be classified into two broad kinds, the scientistic and the anti-scientific. Scientism is an exaggerated kind of deference towards science, an excessive readiness to accept as authoritative any claim made by the sciences, and to dismiss every kind of criticism of science or its practitioners as anti-scientific prejudice. Anti-science is an exaggerated kind of suspicion of science, an excessive readiness to see the interests of the powerful at work in every scientific claim, and to accept every kind of criticism of science or its practitioners as undermining its pretensions to tell us how the world is. The problem, of course, is to say when the deference, or the suspicion, is “excessive.”

    Disentangling the confusions is made harder by an awkward duality of usage. Sometimes the word “science” is used simply as a way of referring to certain disciplines: physics, chemistry, biology, and so forth, usually also anthropology and psychology, sometimes also sociology, economics, and so on. But often—perhaps more often than not—“science” and its cognates are used honorifically: advertisers urge us get our clothes cleaner with new, scientific, Wizzo;2 teachers of critical thinking urge us to reason scientifically, to use the scientific method; juries are more willing to believe a witness when told that what he offers is scientific evidence; astrology, water-divining, homeopathy or chiropractic or acupuncture are dismissed as pseudo-sciences; skeptical of this or that claim, people complain that it lacks a scientific explanation, or demand scientific proof. And so on. “Scientific” has become an all-purpose term of epistemic praise, meaning “strong, reliable, good.” No wonder, then, that psychologists and sociologists and economists are sometimes so zealous in insisting on their right to the title. No wonder, either, that practitioners in other areas—“Management Science,” “Library Science,” “Military Science,” even “Mortuary Science”—are so keen to claim it.

    In view of the impressive successes of the natural sciences, this honorific usage is understandable enough. But it is thoroughly unfortunate. It obscures the otherwise obvious fact that not all and not only practitioners of disciplines classified as sciences are honest, thorough, successful inquirers; when plenty of scientists are lazy, incompetent, unimaginative, unlucky, or dishonest, while plenty of historians, journalists, detectives, etc., are good inquirers. It tempts us into a fruitless preoccupation with the problem of demarcating real science from pretenders. It encourages too thoughtlessly uncritical an attitude to the disciplines classified as sciences, which in turn provokes envy of those disciplines, and encourages a kind of scientism—inappropriate mimicry, by practitioners of other disciplines, of the manner, the technical terminology, the mathematics, etc., of the natural sciences. And it provokes resentment of the disciplines so classified, which encourages anti-scientific attitudes. Sometimes you can even see the envy and the resentment working together: for example, with those self-styled ethnomethodologists who undertake “laboratory studies” of science, observing, as they would say, part of the industrial complex in the business of the production of inscriptions;3 or—however grudgingly, you have to admit the rhetorical brilliance of this self-description—with “creation science.”4 And, most to the present purpose, this honorific usage stands in the way of a straightforward acknowledgment that science—science, that is, in the descriptive sense—is neither sacred nor a confidence trick.

    Science is not sacred: like all human enterprises, it is thoroughly fallible, imperfect, uneven in its achievements, often fumbling, sometimes corrupt, and of course incomplete. Neither, however, is it a confidence trick: the natural sciences, at any rate, have surely been among the most successful of human enterprises. The core of what needs to be sorted out concerns the nature and conditions of scientific knowledge, evidence, and inquiry; it is epistemological. (No, I haven't forgotten Jonathan Rauch's wry observation: “If you want to empty the room at a cocktail party, say ‘epistemology’”;5 but the word is pretty well indispensable for my purposes because, unlike “theory of knowledge,” it has adjectival and adverbial forms.) What we need is an understanding of inquiry in the sciences which is, in the ordinary, non-technical sense of the word, realistic, neither overestimating nor underestimating what the sciences can do.

    What we have, however, is a confusing Babel of competing, unsatisfactory accounts of the epistemology of science. How did we come to such a pass?

    FROM THE OLD DEFERENTIALISM TO THE NEW CYNICISM

    Once upon a time—the phrase is a warning that what follows will be cartoon history—the epistemological bona fides of good empirical science needed to be defended against the rival claims of sacred scripture or a priori metaphysics. In due course it came to be thought that science enjoys a peculiar epistemological authority because of its uniquely objective and rational method of inquiry. In the wake of the extraordinary successes of the new, modern logic, successive efforts to articulate the “logic of science” gave rise to umpteen competing versions of what I call the “Old Deferentialism”:6 science progresses inductively, by accumulating true or probably true theories confirmed by empirical evidence, by observed facts; or deductively, by testing theories against basic statements and, as falsified conjectures are replaced by corroborated ones, improving the verisimilitude of its theories; or instrumentally, by developing theories which, though not themselves capable of truth, are efficient instruments of prediction; or, etc., etc. There were numerous obstacles: Humean skepticism about induction; the paradoxes of confirmation; the “new riddle of induction” posed by Goodman's “grue”; Russell Hanson's and others’ thesis of the theory-dependence of observation; Quine's thesis of the underdetermination of theories even by all possible observational evidence.7 But these, though acknowledged as tough, were assumed to be superable, or avoidable.

    It is tempting to describe these problems in Kuhnian terms, as anomalies facing the Old Deferentialist paradigm just as a rival was beginning to stir. Kuhn himself, it soon became apparent, hadn't intended radically to undermine the pretensions of science to be a rational enterprise. But most readers of The Structure of Scientific Revolutions, missing many subtleties and many ambiguities, heard only: science progresses, or “progresses,” not by the accumulation of well-confirmed truths, or even by the elimination of conjectures shown to be false, but by revolutionary upheavals in a cataclysmic process the history of which is afterwards written by the winning side; there are no neutral standards of evidence, only the incommensurable standards of different paradigms; the success of a scientific revolution, like the success of a political revolution, depends on propaganda and control of resources; a scientist's shift of allegiance to a new paradigm is less like a rational change of mind than a religious conversion—a conversion after which things look so different to him that we might almost say he lives “in a different world.”

    Even so, a quarter of a century ago now, when Paul Feyerabend proclaimed that there is no scientific method, that appeals to “rationality” and “evidence” are no more than rhetorical bullying, that science is not superior to, only better entrenched than, astrology or voodoo, he was widely regarded—he described himself—as the “court jester” of the philosophy of science. Post-Kuhnian Deferentialists, adding “incommensurability” and “meaning-variance” to their list of obstacles to be overcome, modified and adapted older approaches; but remained convinced not only of the rationality of the scientific enterprise, but also of the power of formal, logical methods to account for it.

    But then radical sociologists, feminists, and multiculturalists, radical literary theorists, rhetoricians, and semiologists, and philosophers outside strictly philosophy-of-science circles, began to turn their attention to science. Proponents of this new almost-orthodoxy, though they disagreed among themselves on the finer points, were unanimous in insisting that the supposed ideal of honest inquiry, respect for evidence, concern for truth, is a kind of illusion, a smokescreen disguising the operations of power, politics, and rhetoric. Insofar as they were concerned at all with the problems that preoccupied mainstream philosophy of science—theory-dependence, underdetermination, incommensurability and the rest—they proclaimed them insuperable, further confirmation that the epistemological pretensions of the sciences are indefensible. Appeal to “facts” or “evidence” or “rationality,” they maintained, is nothing but ideological humbug disguising the exclusion of this or that oppressed group. Science is largely or wholly a matter of interests, social negotiation, or of myth-making, the production of inscriptions or narratives; not only does it have no peculiar epistemic authority and no uniquely rational method, but it is really, like all purported “inquiry,” just politics. We arrived, in short, at the New Cynicism.8

    Feyerabend, who seems in retrospect the paradigm Old Cynic, promised to free us of “the tyranny of…such abstract concepts as ‘truth,’ ‘reality,’ or ‘objectivity’.” Now New Cynics like Harry Collins assure us that “the natural world has a small or non-existent role in the construction of scientific knowledge”;9 and Kenneth Gergen that the validity of theoretical propositions in the sciences “is in no way affected by factual evidence.”10 Ruth Hubbard urges that “[f]eminist science must insist on the political nature and content of scientific work”;11 and Sandra Harding asks why it isn't “as illuminating and honest to refer to Newton's laws as ‘Newton's rape manual’ as it is to call them ‘Newton's mechanics’.”12 Ethnomethodologist of science Bruno Latour announces that “[a]ll this business about rationality and irrationality is the result of an attack by someone on associations that stand in the way”;13 and rhetorician of science Steve Fuller proposes “a ‘shallow’ conception…that locates the authoritative character of science, not in an esoteric set of skills or a special understanding of reality, but in the appeals to its form of knowledge that others feel they must make to legitimate their own activities.”14 Richard Rorty informs readers that “[t]he only sense in which science is exemplary is that it is a model of human solidarity,”15 and Stanley Fish that “the distinction between baseball and science is not finally so firm.”16 Reacting against the scientism towards which the Old Deferentialism sometimes veered uncomfortably close, rushing with violence into the opposite extreme, the New Cynics take an unmistakably anti-scientific tone.

    Perhaps it is no wonder that many scientists came to regard philosophy of science as at best irrelevant—“about as useful to scientists as ornithology is to birds.”17 With the exception of a few enthusiastic Popperians, working scientists seem to have been mostly unaware of or indifferent to Old Deferentialist aspirations to offer them advice on how to proceed. But in 1987—provoked by Alan Chalmers’ observation, at the beginning of his popular introduction to philosophy of science, that “[w]e start off confused and end up confused on a higher level”18—physicists Theocharis and Psimopoulos published an impassioned critique of “betrayers of the truth”: Popper, Kuhn, Lakatos, and Feyerabend, “the worst enemy of science.” And as the influence of New Cynicism grew, more scientists were moved to defend the honor of their enterprise: Paul Gross and Norman Levitt in Higher Superstition; Max Perutz denouncing rhetoric of science as “a piece of humbug masquerading as an academic discipline”; Sheldon Glashow deconstructing his letter of invitation to a conference on The End of Science; Alan Sokal parodying post-modernist “cultural critique” of science; and Steven Weinberg replying to the “cultural adversaries” of science.19 Sometimes they made a good showing; but, not surprisingly, they didn't aspire to supply the realistic account of the epistemology of science required for an adequate defense against the extravagances of the New Cynicism.

    Mainstream philosophy of science, meanwhile, had become increasingly specialized and splintered. Though many philosophers of science ignored the New Cynicism, a few tackled it head-on: John Fox criticizing self-styled “ethnomethodologists of science”; Larry Laudan in running battles with proponents of the “Strong Programme” in sociology of science; Mario Bunge protesting the influence of Romanticism and subjectivism; Noretta Koertge wrestling with the social constructivists.20 Sometimes they made a good showing too. And with an increased readiness to accommodate social aspects of science,21 a turn towards one or another form of naturalism, and, since Bas Van Fraassen's influential defense of constructive empiricism, something of a retreat from strong forms of scientific realism, there were efforts to acknowledge the elements of truth at which the New Cynicism gestures, without succumbing to its extravagances. But some mainstream philosophers of science—especially, perhaps, those most anxious not to offend the feminists—seem to have gone too far in the direction of the New Cynicism: as when Ronald Giere suggested that there might be something in the Nazi concept of “Jewish physics,” as in feminist complaints of the masculinity of science;22 and many others, still clinging to the Old Deferentialist reliance on formal, logical methods as sufficient to articulate the epistemology of science, seem not to have gone far enough. In my opinion, anyway, the realistic understanding we need still eludes us.23

    Still, as I articulate my Critical Common-Sensist account—which I believe can correct the over-optimism of the Old Deferentialism without succumbing to the factitious despair of the New Cynicism—I won't forget the cautionary story of the student who is said to have observed in his Introduction to Philosophy examination that while some philosophers believe that God exists, and some philosophers believe that God does not exist, “the truth, as so often, lies somewhere in between.” Though there are elements of truth in both the Old Deferentialism and the New Cynicism, a crude split-the-difference approach won't do; for the truth, as Oscar Wilde so nicely put it, “is seldom pure and never simple.”24


    CRITICAL COMMON-SENSISM

    Critical Common-Sensism acknowledges, like the Old Deferentialism, that there are objective standards of better and worse evidence and of better and worse conducted inquiry; but proposes a more flexible and less formal understanding of what those standards are. Critical Common-Sensism acknowledges, like the New Cynicism, that observation and theory are inter-dependent, that scientific vocabulary shifts and changes meaning, and that science is a deeply social enterprise; but sees these, not as obstacles to an understanding of how the sciences have achieved their remarkable successes, but as part of such an understanding.

    The core standards of good evidence and well-conducted inquiry are not internal to the sciences, but common to empirical inquiry of every kind. In judging where science has succeeded and where it has failed, in what areas and at what times it has done better and in what worse, we are appealing to the standards by which we judge the solidity of empirical beliefs, or the rigor and thoroughness of empirical inquiry, generally. Often, to be sure, only a specialist can judge the weight of evidence or the thoroughness of precautions against experimental error, etc.; for such judgments require a broad and detailed knowledge of background theory, and a familiarity with technical vocabulary, not easily available to the lay person. Nevertheless, respect for evidence, care in weighing it, and persistence in seeking it out, so far from being exclusively scientific desiderata, are the standards by which we judge all inquirers, detectives, historians, investigative journalists, etc., as well as scientists. In short, the sciences are not epistemologically privileged.

    They are, however, epistemologically distinguished; the natural sciences at least, fallible and imperfect as they are, have succeeded remarkably well by the core epistemological standards of all serious inquiry. But distinction, unlike privilege, has to be earned; and the natural sciences have earned, not our uncritical deference, but our tempered respect.

    The evidence for scientific claims and theories—consisting, not simply of the “data” or “observation statements” of the Old Deferentialism, but of experiential evidence and reasons working together—is like empirical evidence generally, but even more complex and ramifying. Think of the controversy over that four-billion-year-old meteorite discovered in Antarctica, thought to have come from Mars about 11,000 years ago, and found to contain what might possibly be fossilized bacteria droppings. Some space scientists think this is evidence of early Martian life; others think the bacterial traces might have been picked up while the meteorite was in Antarctica; others again believe that what look like fossilized bacteria droppings might be merely artifacts of the instrumentation. How do they know that the meteorite's giving off these gases when heated indicates that it comes from Mars? that it is about 4 billion years old? that this is what fossilized bacteria droppings look like? Like crossword entries, reasons ramify in all directions.

    How reasonable a crossword entry is depends on how well it is supported by its clue and any already-completed intersecting entries; on how reasonable those other entries are, independent of the entry in question; and on how much of the crossword has been completed. Similarly, what makes evidence stronger or weaker, a claim more or less warranted, depends on how supportive the evidence is; on how secure it is, independent of the claim in question; and on how much of the relevant evidence it includes.

    While judgments of evidential quality are perspectival, dependent on background beliefs about, for instance, what evidence is relevant to what, evidential quality itself is objective; the determinants of evidential quality are not subjective or context-dependent, as New Cynics suppose. Neither, however, are they purely logical, as Old Deferentialists thought; they are worldly, depending both on scientists’ interactions with particular things and events in the world, and on the relation of scientific language to kinds and categories of things. Observation interacts with background beliefs, as clues interact with already-completed crossword entries: what observations are taken to be relevant, and what is noticed when observations are made, depends on background assumptions; and the workings of instruments of observation, such as the mass spectrometer and ultra-high resolution transmission microscope on which those space scientists relied, depend on other scientific theories.

    Scientific inquiry is continuous with the most ordinary of everyday empirical inquiry. There is no mode of inference, no “scientific method,” exclusive to the sciences and guaranteed to produce true, probably true, more nearly true, or more empirically adequate, results. As Percy Bridgman put it, “the scientific method, as far as it is a method, is nothing more than doing one's damnedest with one's mind, no holds barred.”25 And, as far as it is a method, it is what historians or detectives or investigative journalists or the rest of us do when we really want to find something out: make an informed conjecture about the possible explanation of a puzzling phenomenon, check how it stands up to the best evidence we can get, and then use our judgment whether to accept it, more or less tentatively, or modify, refine, or replace it.

    Inquiry is difficult and demanding, and we very often go wrong. Sometimes the problem is a failure of will; we don't really want to know badly enough to go to all the trouble of finding out, or we really don't want to know, and go to a lot of trouble not to find out. And even with the best will in the world, we often fail. Our senses, our imaginations, and our intellects are limited; we can't always see, or guess, or reason, well enough. The remarkable successes of the natural sciences are due, not to a uniquely rational scientific method, but to the vast range of “helps” to inquiry devised by generations of scientists to overcome natural human limitations. Instruments of observation extend sensory reach; models and metaphors stretch imaginative powers; linguistic and conceptual innovations enable a vocabulary that better represents real kinds of thing and event; techniques of mathematical and statistical modelling enable complex reasoning; the cooperative and competitive engagement of many people in a great mesh of sub-communities within and across generations permits division of labor and pooling of evidence, and—though very fallibly and imperfectly, to be sure—has helped keep most scientists, most of the time, reasonably honest.

    As you and I can complete the crossword faster and more accurately if your knowledge of Shakespeare and quick ear for puns complements my knowledge of popular music and quick eye for anagrams, so scientific inquiry is advanced by complementary talents. And interactions among scientists, both within and across generations, are essential not only to the division of scientific labor, but also to the sharing of scientific evidence, to a delicate mesh of reasonable confidence in others’ competence and honesty. Moreover, scientific claims are better and worse warranted, and there is a large grey area where opinions may reasonably differ about whether a claim is yet sufficiently warranted to put in the textbooks, or should be subjected to further tests, assessed more carefully relative to an alternative, or what. There can no more be rules for when a theory should be accepted and when rejected than there could be rules for when to ink in a crossword entry and when to rub it out; “the” best procedure is for different scientists, some bolder, some more cautious, to proceed differently.

    Scientific theories are (normally) either true or else false. A scientific claim or theory is true just in case things are as it says; e.g., if it says that DNA is a double-helical, backbone-out macromolecule with like-with-unlike base pairs, it is true just in case DNA is a double-helical, backbone-out macromolecule with like-with-unlike base pairs. Truth, like evidential quality, is objective; i.e., a claim is true or false, as evidence is better or worse, independent of whether anybody, or everybody, believes it to be so. But there is no guarantee that every scientist is entirely objective, i.e., is a completely unbiased and disinterested truth-seeker, immune to prejudice and partisanship; far from it. Nevertheless, the natural sciences have managed, by and large and in the long run, to overcome individual biases by means of an institutionalized commitment to mutual disclosure and scrutiny, and by competition between partisans of rival approaches.

    A popular stereotype sees “the scientist” as objective in the sense, not merely of being free of bias or prejudice, but as unemotional, unimaginative, stolid, a paradigmatically convergent thinker. Perhaps some scientists are like this; but not, thank goodness, of all them. “Thank goodness,” because imagination is essential to successful scientific inquiry, and a passionate obsession with this or that problem, even a passionate commitment to the truth of this or that elegant but as yet unsupported conjecture, or a passionate desire to best a rival, can contribute to the progress of science. Another stereotype, this time perhaps more philosophical than popular, sees “the scientist” as an essentially critical thinker, refusing to take anything on authority. A systematic commitment to testing, checking, and mutual disclosure and scrutiny is one of the things that has contributed to the success of natural-scientific inquiry; but this is, and must be, combined with the institutionalized authority of well-warranted results. Not that crossword entries once inked-in never have to be revised; but only by taking some for granted is it possible to isolate one variable at a time, or to tackle a new problem with the help of others’ solutions to older problems.

    Not all scientific theories are well supported by good evidence. Most get discarded as the evidence turns out against them; nearly all, at some stage of their career, are only tenuously supported speculations; and doubtless some get accepted, even entrenched, on flimsy evidence. Nevertheless, the natural sciences have come up with deep, broad, and explanatory theories which are well anchored in experience and interlock surprisingly with each other; and, as plausibly filling in long, much-intersected crossword entries greatly improves the prospects of completing more of the puzzle, these successes have enabled further successes. Progress in the sciences is ragged and uneven, and each step, like each crossword entry, is fallible and revisable. But each genuine advance potentially enables others, as a robust crossword entry does—“nothing succeeds like success” is the phrase that comes to mind.

    Earlier, I stressed the complicated interactions among individuals that enable division of scientific labor and pooling of scientific evidence. But of course science is a social enterprise in another sense as well: it is a social institution embedded in the larger society, both affecting and affected by other social institutions; subject to political and cultural forces, it both influences and is influenced by the beliefs and values of that larger society. Earlier, I stressed the ways in which the social character of natural-scientific inquiry has contributed to its success. But of course both the internal organization and the external environment of science may hinder, as well as enable, good, fruitful, inquiry.

    The disasters of Soviet and Nazi science remind us how grossly inquiry can be distorted and hindered when scientists seek to make a case for politically desired conclusions rather than to find out how things really are. Less melodramatic, but still disturbing, among the other potential hindrances that come immediately to mind are the necessity to spend large amounts of time and energy on obtaining funds, and to impress whoever supplies them, in due course, with your success; dependence for resources on bodies with an interest in the results coming out this way rather than that, or in rivals being denied access to them; pressure to solve problems perceived as socially urgent rather than those most susceptible of solution in the present state of the field; a volume of publications so large as to impede rather than enable communication. It would be less than candid not to admit that this list does not encourage complacency about the present condition of science. Once, important scientific advances could be made with the help of a candle and a piece of string; but it seems scientists have made most of those advances. As science proceeds, more and more expensive equipment is needed to obtain more and more recherché observations; and the more science depends for resources on governments and large industrial concerns, the worse the danger of some of the hindrances listed. While scientific techniques and instruments grow ever more sophisticated, the mechanisms needed to sustain intellectual integrity are strained.

    Where the social sciences are concerned, it isn't so easy to think of examples of discoveries analogous to plausibly filled-in, long, much-intersected crossword entries, nor to be so sure that real progress has been made—it's no wonder that some people deny that the social “sciences” are really sciences at all. Social scientists’ enthusiasm for the mathematical techniques and the cooperative and competitive inquiry that have helped the natural sciences to build on earlier successes has sometimes encouraged a kind of affected, mathematized obscurity, and prematurely gregarious (or dogmatically factional) thinking. More immediately to the present point, where the social sciences are concerned some of the prejudices apt to get in the way of honest inquiry are political as well as professional. Where the physical sciences are concerned, given the manifest irrelevance of sex, race, or class to the content of physical theory, the New Cynics’ complaints of pervasive sexism, racism, classism, etc., seem far-fetched. But where the human and social sciences are concerned, given the manifest relevance of sex, race, or class to the content of some theories, political and professional preconceptions can come together, and the complaints seem only exaggerated.

    Perhaps it is because the social sciences are especially susceptible to the influence of political prejudice and bias that sociologists of science seem especially susceptible to a dreadful argument ubiquitous among New Cynics—the “Passes-for Fallacy”:26 what has passed for, i.e., what has been accepted by scientists as, known fact or objective evidence or honest inquiry, etc., has sometimes turned out to be no such thing; therefore the notions of known fact, objective evidence, honest inquiry etc., are ideological humbug. The premise is true; but the conclusion obviously doesn't follow. Indeed, this argument is not only fallacious, but also self-undermining: for if the conclusion were true, the premise could not be a known fact for which objective evidence had been discovered by honest inquiry. Dreadful as this argument is, however, it has played a significant role in encouraging the recent alliance of radical sociology of science with the New Cynicism.

    As a result, many sociologists of science have been cool or even hostile not only towards mainstream philosophy of science, but also to science itself; and this has reinforced the disinclination already felt by some mainstream philosophers of science, and by scientists themselves, to take sociology of science seriously as a potential ally in the task of understanding the scientific enterprise. This unfortunate quarrel between epistemology and sociology has obscured the potential for a sensible sociology of science to contribute to our understanding of what arrangements encourage, and what discourage, good, thorough, honest inquiry, efficient communication of results, effective testing and criticism.

    Since both scientism and anti-scientific attitudes have their roots in misunderstandings of the character and limits of scientific inquiry and scientific knowledge, up till now I have focused on epistemological issues. But I don't at all mean to deny the legitimacy or denigrate the importance of those difficult ethical, social, and political questions about the role of science in society: who should decide, and how, what research a government should fund? who should control, and how, the power for good and evil unleashed by scientific discoveries?

    As this suggests, the vexed question of science and values is vexed, in part, because of its many ambiguities. Scientific inquiry is a kind of inquiry; so epistemological values, chief among them creativity and respect for evidence, are necessarily relevant—which is not to say that scientific inquiry always or inevitably exemplifies such values. But moral and political values are relevant too; it is legitimate to ask, for instance, whether some ways of obtaining evidence are morally unacceptable, or whether, and if so how, and by whom, access to and applications of potentially explosive scientific results should be controlled.

    Some New Cynics suggest that the fact that scientific discoveries can be put to bad uses is a reason for doubting the bona fides of those discoveries; and some hint that those of us who believe that science has made many true discoveries, or even that there is such a thing as objective truth, reveal themselves to be morally deficient in some way. But it isn't enough to point out the obvious confusion, nor to protest the blatant moral one-up-personship. It is essential, also, to articulate sober answers to those difficult questions about the role of science in society: to point out, inter alia, that only by honest, thorough inquiry can we find out what means of achieving desired social changes would be effective. And, as always, it is essential to avoid the exaggerations of the scientistic party as well as the extravagances of the anti-science crowd: to point out, inter alia, that decisions about what ways of handling the power that scientific knowledge of the world gives us are wise or just, are not themselves technical questions that may responsibly be left to scientists alone to answer.

    THE ROAD AHEAD

    This has been, of course, only the sketchiest of preliminary sketches, drawn in the broadest strokes. Questions crowd in thick and fast: about the place of the sciences within empirical inquiry generally, about the flaws in a narrowly logical conception of rationality, about the nature, structure, and pooling of scientific evidence, about the long, failed search for the “scientific method,” about the ideas of truth, objectivity, and progress; about the differences, and the similarities, between the natural and the social sciences; about the differences, and the similarities, between the role of metaphors and linguistic innovations in science and in literature; about the potential relevance of sociology and rhetoric of science to its epistemology; about the tensions between science and religion; about the role of science in society—its interactions with the law, for example, or its relations with industry; and about whether politics can, or should, be kept out of science.

    The road ahead is long, and steep in places. Like Ishmael, “I try all things; I achieve what I can.”27
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    I do not think that one can hope to understand [science] unless one appreciates that…, however formal its symbolism may sometimes become, it is not an exercise in logic. When some philosophers talk about the logic of scientific investigation…I can only suppose that they speak metaphorically.

    —Henry Harris, “Rationality in Service”1

    Believing, rightly, that science is, in some sense, a rational undertaking, Old Deferentialists assumed, wrongly, that the new, formal logic would suffice to articulate its epistemological core; believing, rightly, that the Old Deferentialism had failed, New Cynics concluded, wrongly, that the epistemological pretensions of the sciences are indefensible. Of course, this excessively brisk diagnosis simplifies what is really a whole complex tangle of issues; but it serves its purpose if it directs our attention to the assimilation of the rational to the narrowly logical taken for granted by Deferentialists, and unchallenged by Cynics.2

    This assimilation was encouraged by the rise of modern, mathematical logic, and by the consequent shift of usage to which my reference to a “narrowly logical” conception of rationality alludes. In the twentieth century an older, ampler conception of logic as the theory of whatever is good in the way of reasoning, was displaced by a narrower conception of logic as the formal theory of validity. Rather as, thanks to the success of a particular brand, “hoover” became a generic word for vacuum-cleaning, and “xerox” for photocopying, the word “logic” gradually shed its older, broader scope, and took on its modern, narrower reference, setting the stage for a confusion of the reasonable or rational—the logical, in the broad sense—with the formally, narrowly logical.3

    In fact, Logical Positivism was called “logical,” in contradistinction to earlier forms of plain Positivism, because of its reliance on the remarkable advances made by Boole, Peirce, Frege, Russell, etc., in formal deductive logic. These formal innovations, initially motivated in part by the desire to understand the foundations of mathematics, seemed the very model of rigor; and understandably encouraged the hope—especially among philosophers preoccupied with physics, the most mathematized of the sciences—that the new logic, or something very much like it, would suffice to answer central questions about the foundations of science. According to the earliest formulations of Logical Positivism, there are only two kinds of meaningful statement: the analytic, including the statements of logic and mathematics, and the empirically verifiable, including the statements of empirical science. Anything else is, cognitively speaking, nonsense, an expression of emotion at best. Much of traditional philosophy—metaphysics, ethics, aesthetics—was discarded, along with theology, as meaningless verbiage, or bad poetry. If philosophy was not to be abandoned altogether, it had to be reinvented; and so it was, as the “logic of science.” “To pursue philosophy,” wrote Carnap, “can only be to clarify the concepts and sentences of science by logical analysis. The instrument for this is the new logic.”4
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