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After Hume, attempts to forge an empiricist epistemology have taken three forms, which I shall
call the First, Middle, and Third Way. The First still attempts an a priori demonstration that our cognitive
methods satisfy some (weak) criterion of adequacy. The Middle Way is pursued under the banners of
naturalism and scientific realism, and aims at the same conclusion on non-apriori grounds. After arguing
that both fail, I shall describe the general characteristics of the Third Way, an alternative epistemology
suitable for empiricism.

I. The Death of Modern Epistemology

Philosophers always rewrite their own history. Hans Reichenbach did so in 1947, at a high point
in his career (Reichenbach 1948). Any such retrospective is of course itself a philosophical tactic, thinly
disguised: a history of past errors presented as leading us inexorably to the inescapably right
philosophical position. Well, may it do so! After a brief look at Reichenbach's historical view I'll offer a
revision and then complete the picture as I see it.

1.1 Death by dilemma: The disaster of "classical” empiricism

Reichenbach begins with the Rationalist-Empiricist strife of the 17th and 18th centuries.[1] With
mathematics as paradigm of knowledge, the Rationalist imposed a simple requirement on philosophical
accounts of science: show that it brings us a demonstrably true theory of the world. The question "How
is knowledge possible?" is understood as "How is it possible to have indubitably true empirical
knowledge?" The answer could only be that science must rest on indubitably true a priori principles.

Empiricists rejected the presupposition of the question as well as the answer. A4 priori reason is
empty; it can only establish connections between ideas and these entail nothing about contingent matters
of fact. That conclusion denies the Rationalist answer; but how much of the question was retained?

Reichenbach's overview covers familiar ground: the quick progression from Bacon's optimism,
via Newton's and Locke's unshakable faith that the scientific method is known and leads to truth, to
Hume's skeptical disaster. What all agree upon as scientific knowledge, in the 18th century, goes far
beyond the evidence of observation. Since logic and mathematics, being forms of a priori reasoning,
cannot lead us from one to the other, science must follow ampliative rules to create this knowledge.
Those are the rules, sung by Bacon and invoked by Newton, though never satisfactorily formulated, that
jointly constitute /nduction, broadly conceived.

An ampliative rule is a rule of inference, or rule for changing or updating our opinion, that goes
beyond purely logical assimilation of the evidence. Hence the contention that these rules lead science to
the truth cannot be demonstrated a priori. Nor can that contention be derived by Induction (which
consists simply of the ampliative rules which we accept) on pain of circularity.

The conclusion is inescapable. Reliability of Induction cannot be part of our scientific
knowledge. The Empiricist theory of science has run itself into the ground.

As Reichenbach sees it, Empiricists had not rejected enough of the Rationalist's question. Hence
they found themselves "pushed into the hopeless position of proving that empirical knowledge was as



good as mathematical knowledge".[2] With David Hume, the hopelessness became blatantly obvious,
and skepticism seemed to be the only alternative to rationalism. Thus, as Reichenbach depicted it,
classical Empiricism shared Rationalism's stringent criterion of adequacy: that an epistemology must
show how absolutely reliable knowledge is possible. The way out will be to reject this criterion.

1.2 Life after Disaster: Three Ways

Empiricists after Hume, including Reichenbach himself, did by and large accept weaker criteria
for epistemology. William Whewell said proudly that no truly consilient theory had ever turned out to be
false -- consilience was the hallmark of theories formed by Induction and Newtonian science was his
prime example of such a theory. Peirce claims, only little more modestly, that "Quantitative induction
always makes a gradual approach to the truth, though not a uniform approach"(Peirce, volume 2, p.770).
Reichenbach himself makes the claim still a little more modest:

It can be shown that if it is possible at all to make predictions, the inductive method is an

instrument to find them. (op.cit. p.146)

Doesn't it seem that there is still a fairly strong criterion of adequacy attempted -- and claimed --to be
met? Here is a tentative formulation: I'll make it as weak as I can.

An epistemology must imply that, and show how, epistemic security is humanly attainable by the

methods of the sciences, under favorable conditions, and that it is in fact attained to some

reasonable degree. Security means here, possibly knowledge, perhaps certainty, but at least
reliable and accurate beliefs and opinions.
As stated the criterion is still somewhat vague; it is not clear how much leeway we have gained. But the
philosophical tactic is clear enough: we will settle for a weaker conclusion, which can indeed be
demonstrated, and which is arguably sufficient to provide epistemology and scientific methodology with
a solid foundation. I shall call the conviction that this is possible, and its pursuit, the First Way for
empiricists after Hume's skepticism.

A closer look at Reichenbach shows that he actually vacillated between three main options that
emerged in the 19th and 20th centuries. The First Way was certainly presaged in the 19th century, as the
idea of what Larry Laudan called the Self~-Corrective Thesis. 1 will elaborate on this, and on
Reichenbach's version, below. By the end of that century, however, we see the emergence of two further
Ways which reject even the above weaker criterion. One, which I'll call the Middle Way, we can
associate with the philosophical turn to which Dilthey gave the name Naturalism. It has taken various
forms. The form which I'll call Moorean Scientific Realism still shares with both the initial predicament
and the First Way an important presupposition: that science creates scientific knowledge by following
ampliative rules, and that we can know these to be reliable. There is a difference. The First Way
contends that we can show that ampliative method to be a reliable means to security in some important
sense. The Middle Way only insists that we know that it is so, as part of our scientific knowledge (which
is of course attained by that very means).

But besides these two Ways there is a Third, more extreme, with which Reichenbach (and Peirce)
also flirted a little. In the remainder of this Part and in the second Part I will argue that the First and
Middle Ways do no better than the ideas so ruefully contemplated by Hume. Then, I hope, the Third Way
will fall on more sympathetic ears.
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1.3 The Self-Corrective Thesis

If science follows ampliative rules when it arrives at conclusions from the evidence, and it is not
possible to demonstrate that these rules lead to the truth, what can we do?

A new conviction increasingly operative in 19th century theory of science is that this rule
governed activity is self-corrective, and must, as a result of this continual self-correction, gradually lead
to the truth, at least in the long run. Larry Laudan (1981)called this the Self-Corrective Thesis. That this
conviction could have felt satisfactory can only be understood, I think, in the context of general optimism
fed by the successes of natural science. (In the humanities, exactly the same picture of inquiry led
scholars instead to confront the hermeneutic circle and the possibility of non-convergence -- a rather more
pessimistic reflection.)

Larry Laudan has told us the story of how the idea of Self-Correction fared in the hands of Peirce.

(There are also quite different accounts of the matter; see Levi (1980)). Peirce expressed the conviction
that through systematic self-correction scientific inquiry would lead to the truth. He also saw that one
could not satisfactorily leave this as a mere article of faith. The inductive method as he saw it, consists in
systematic testing by well-designed experiments (cf. Peirce, op. cit. vol 2, p. 775). But this method
comprises three ampliative rules: crude induction, which is mere universal generalization on positive
instances; qualitative induction, more or less what was later called the hypothetico-deductive method; and
quantitative induction, which is statistical inference based on sampling procedures. Are these really self-
corrective methods?

Qualitative induction, the third ampliative practice, includes hypothesis testing as well as
'abduction' (akin to what we now call 'inference to the best explanation'). Peirce held this to be of vastly
greater importance in science than the other two. But he could not show to be self-correcting in the
requisite sense. Just like crude induction it may be self-correcting in the sense that new evidence will
force us to give up earlier conclusions. This may then force us to look for other hypotheses and new
explanations. Peirce could see no way to demonstrate that the ones we then come up with will be
increasingly better in some concrete sense (see especially Laudan, op. cit., p.239).[3] Nor could he show
that if this process is carried out under varying historical circumstances, the results will converge!

1.4 Reichenbach's version of the Self-Corrective Thesis

When Reichenbach takes up the banner he mounts a heroic effort, based on two rather outrageous
ideas: that probability is to be equated with long run frequency, and that all the ampliative methods used
in the sciences reduce to probability assessment through numerical induction. Au fond, the only
ampliative rule ever genuinely used or needed is the 'straight rule' which assigns probabilities on the basis
of frequencies observed so far. Therefore, if this rule can be vindicated or justified, the entire scientific
methodology is saved.

Even if we reject the basic ideas, his effort is instructive. In the first place, it brings out clear
empirical conditions under which no rule, however self-corrective, can succeed. Secondly, it makes
precise Peirce's intuitive notion of how self-correction 'must' lead to truth in the long run. But thirdly, by
running into a clear, indeed elementary, problem which is unsolvable within its own framework, it brings
to light a challenge pertaining to any approach within what I call here the First Way.

To illustrate Reichenbach's reasoning, imagine a weather forecaster who must each evening
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announce a probability for rain the next day. He has his own rule for doing so, which may draw on any
facts ascertainable by evening. (He does not have a crystal ball that shows the future!) If his is a good
rule, under the conditions in which he finds himself, his probabilities will come increasingly closer to
matching the actual frequency of rain. (There are various ways to make this precise; I'll return to that.)

Reichenbach's first point is that the conditions may actually be such as to defeat any rule this
forecaster could have. For the relative frequency of rain in this sequence of days may not converge to a
limit, it may swing ever more wildly up and down. The possibility of such divergence in nature suffices
to refute, not only Bacon's and Newton's convictions, but also Peirce's more modest optimism. No rule,
not even any self-correcting procedure, must lead to the truth in the long run.

Some rules will latch on to the actual regularities more quickly than others; this too is a relation
between the rule and the conditions under which it is being applied. So, should we just hope to be lucky
and get a forecaster whose rule happens to match our local weather? Has science just been lucky in its
choice of ampliative methods, with respect to the bit of cosmic history in which we find ourselves? Here
comes Reichenbach's version of the Self-Corrective Thesis: no rule is necessarily successful, but there is
a rule which will succeed if any rule could succeed. That rule is the very simplest one, 'crude numerical
induction', the self-corrective method par excellence. Working by that rule the forecaster announces as
his probability for rain the next day precisely the proportion of rainy days among those observed so far.
Now, if those proportions tend to a limit, so will his forecasts; and his forecasts will come increasingly
close to matching that limit -- obviously!

In fact, even Reichenbach's proof that the straight rule must lead to truth in the long run if any
rule would do so does not really prove what it seems to prove. At first sight, his argument is so short and
simple that there can be nothing wrong with it. But we would all laugh at the forecaster who does this,
for he will soon be announcing probabilities that hardly differ from day to day, winter and summer,
spring and fall.

Of course Reichenbach noticed this, and pointed out that the forecaster can answer questions of
conditional probability. Asked for the probability of rain in July s/he will reply with the proportion of
rainy days among July days so far. But this is not enough. On the third of July we will ask a forecast for
the next day. Should the announcement now be that conditional July probability? But the next day is
Independence Day -- should he not announce his conditional Independence Day probability? Here we
have come up against the 'problem of the reference class', as it came to be known.

Undoubtedly the forecaster can come up with some amendment to his rule which will tell him
what to do. We should now try to make precise how we shall assess his performance -- and then ask
again: is there a rule which will do as well as any rule will do, under any conditions? That is, we must
ask the same question again, and the answer will now not be so trivial.

What happened in this little contretemps is that we challenged the forecaster by pointing to a
specifiable subsequence of the total sequence. We want him to be 'calibrated' (that is, to have his
forecasts tending toward a match with the frequencies) on that subsequence as well. We should be
allowed to specify any salient subsequence in such a challenge. There is general way to do this, without
knowledge of the calendar or the national holidays, etc. (and without knowledge of what factors he
counts as significant for his forecasts). Let's specify as important subsequences the classes:

S(r) = {days for which the forecast probability of rain was = r}
for each number r. The desirable feature is clearly that the frequency of rain in S(r), if it be non-empty (or
if you like, infinite) should tend to limit r. We can be more easygoing and use small intervals rather than

precise numbers, or some other way to reflect good but less than perfect accuracy. Some of our
4
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forecasters may have good rules, as it happens, by luck or inspiration: but is there a rule that can be
shown to do (in the long run) as well as any of them can do? To answer this, we need at once more
precision and more generality.

1.5 A more precise formulation -- and refutation

This level of precision was achieved in statistics. [4] First of all, we must target a wide range of
rules -- more generally, forecasting systems -- which assign probabilities solely on the basis of
frequencies observed up to the point of forecasting. Frequencies are the sole basis: this is the hallmark of
numerical induction. But we must allow much more. Forecast systems may draw on background
knowledge or information assumed but available prior to the forecast. It may also allow for self-
correction: when observation shows that a simple rule followed so far has done badly, there may be a
clause which replaces that simple rule by another one. The replacement clause may allow (putative)
learning from experience: it may have a definite recipe for change, based on a evaluation of which new
rule would have done better in the past -- a touch of abduction here!

This is liberal, but there is also a constraint. The rules must be humanly usable. That is not easy
to make precise, so the constraint adopted is a precise but weaker one: computability. There is little point
in deriving results for rules which could be of use only to angels or Maxwellian demons.

Secondly, we must tighten up the evaluation of accuracy. What corresponds to truth, and to
gradual approach to truth? Restricting ourselves still to numerical induction, the first requirement is of
course that the forecast probabilities should converge to the actual long run frequencies. But as in the
challenge to Reichenbach's straight rule, we should imagine an adversary who challenges rules which
have been performing well over all. The challenge consists in pointing to specifiable subsequences and
raising the suspicion that the rule is not performing very well there.

Again, however, the challenge must be humanly formulable: we must disallow adversaries aided
by crystal balls, angels or demons. The minimal requirement along this line is that the challenge must
point to a computable subsequence. The computation may be based at each point on what has happened
so far. For example, I may suspect that a forecast rule for rain will perform well over all, but badly if we
look just at those days which follow immediately on five rainy days. The factors drawn on may include
any factors on which the forecast rule itself can draw. If the rule stands up to all these challenges in the
long run, it is called computably calibrated. 1t is our most stringent criterion of correctness that still
respects some human limitation.

This theory of forecasting systems is numeral induction extended, liberalized, mechanized, and
motorized. What can it do? Well, as Reichenbach had noted, nature could be giving us a sequence in
which the requisite relative frequencies do not converge to any limit. Then there exists no correct
forecasting system at all.

However, if all the requisite limiting relative frequencies exist, then there is a correct forecasting
system and it is essentially unique.[5] This can be demonstrated for computable rules -- again, angels
are left out of the picture. Does this give us hope? The hope was formulated as a certainty by
Reichenbach: with numerical induction properly tuned we have a method that will lead us to the truth if
any rule will:

It can be shown that if it is possible at all to make predictions, the inductive inference is an

instrument to find them; and the inference is justified because its applicability represents a
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necessary condition of success.
(op. cit., p.146)
Is this true, as we have now come to construe it? No, it is not.

Given the convergence of computably calibrated forecast systems -- if any exist -- can there be a
'universal' forecast system which will be correct in the long run -- if any system is? The answer is No.
No matter how well we design our procedure for self-correction in response to the evidence, Nature may
confute it.[6] The proof uses the form of diagonal argument now familiar to us from all areas where
computability plays a role.[7]

Philosophers and scientists who cherished the ideal of Induction had already progressively
lowered their sights. All that Reichenbach still claimed was that the lowliest and least fruitful of all
inductive methods would, through its self-corrective procedure, demonstrably lead to the truth in the long
run, if any rule could. (Nothing comparable was claimed to be demonstrable for the more innovative
methods that could enrich science theoretically.) But even that final modest claim turned out to be
untenable.[8]

Il. The Middle Way, Realistically Pursued

All Hume proved, Reichenbach said dismissively, was "that the rationalist aim of knowledge is
unattainable by empiricist methods" (ap._cit., p.142). But Reichenbach too tried to demonstrate
something a priori: that we have the means to attain the truth, with a guarantee of reaching it if it can be
reached at all, although without the ability to tell with certainty when we have arrived. He failed; but in
fact history had moved on already, so to speak, before that weaker conviction of demonstrable security
had been dashed.[9]

2.1 The Naturalistic turn

In the type of philosophical positions which Dilthey denoted as Naturalism, the very idea of an a
priori foundation for science (methodological or epistemological no less than metaphysical) is explicitly
rejected. Science itself is what we know, and philosophers as much as anyone else should proceed on the
basis of what we know. It is mistaken as well as self-defeating for philosophers to discuss science from a
vantage point independent of or prior to their actual historical situation, replete with the science of their
day.

This is anti-Foundationalism become proudly self-conscious, and in that aspect I applaud it.
Naturalism is characteristically perspectival: the conclusions we shall reach follow for us, given our
historically conditioned epistemic position, and need not be cogent for all logically conceivable inquirers,
thinkers, or cultures. Nevertheless, we are rationally within our rights to claim those conclusions as
knowledge. Indeed, to say otherwise is to make an impossible demand for foundations or justifications
which are in fact demonstrably beyond our reach.

But Naturalism is not the only option when that impossible demand for foundations is left behind.

Secondly, Naturalism itself is not monolithic, it admits of degrees and varieties. One variety is especially
relevant to our inquiry into ways out of the disaster empiricism suffered in epistemology. I shall call it
"Moorean Scientific Realism" -- Moorean because it insists on not leaving our common sense and
common convictions behind.
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Like the First Way, this view retains the assumption that science creates knowledge by following
ampliative rules, rightly called Induction, Abduction , and the like -- and that we must show these rules to
be reliable. The difference is only that our epistemology may now stand on our scientific knowledge,
rather than just on thin air.

2.2 Moorean Scientific Realism

The view I wish to discuss can be illustrated with a considerable literature on the naturalizing of
epistemology and of philosophy of science. [10] But let me try to present it in my own way. We begin
with a naturalistic reassessment of what philosophers are to do. We are to clarify and illuminate the
possibility of scientific knowledge, the efficacy of scientific methods. This task is to be broadly
conceived; for science and its methods are, in their principles, not foreign to our daily commerce. But we
are to do this without leaving ourselves behind, so to speak, without attempting to step out of our
historical situation and view it from nowhere. We ourselves have knowledge, painfully but gloriously
accumulated through science. From within this vantage point, drawing on the knowledge we have, we
can entertain and answer questions about human existence. These questions include how humans in
general gain their reliable opinion, from veridical experience, by reliable methods. Any such question is
to be answered on the basis of what science tells us about nature, to which we, after all belong. This is
Moorean Scientific Realism.

As in the First Way, the criterion of adequacy is still to show that, and how, epistemic security is
humanly attainable, and in part largely attained, through science. But now the task is to show that on the
basis of our shared scientific knowledge.

What will be the claim made by the Moorean Scientific Realist? I formulate it as follows:

"Here is what we can confidently say on the basis of scientific findings. First of all, science does

proceed by a certain method, which we have been able to specify, and which involves ampliative

rules, namely the following: .... Secondly, on the basis of what we now know, it is no surprise
that science has attained great success by means of this method. For accepted scientific
knowledge implies that this method is a very good means to its end, under conditions which we
have found to be the actual conditions in our universe. Thus we can explain our success so far,
and can confidently predict, with high probability, that the method will prove reliable in the
future."

I had to leave a blank; when it comes to specifying and formulating those ampliative rules we are all in a

bit of a quandary as yet. In discussion we'll have to rely on the traditional notions about what they are

like.

To sum up then: according to this view, the epistemologist's task is to formulate an account of our
epistemic life which relies on the deliverances of science and its accepted theories to show how epistemic
security is humanly attainable. Indeed, given its reliance on the scientific tradition, it had better, for
coherence's sake, imply that this security is actual. Thus a certain view of the human condition is
presupposed, in the conviction that science supports this presupposition. Well, let's look into this!
Despite its prima facie air of question-begging circularity, the stated criterion is actually not trivial -- as
we shall see.
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2.3 Science Does Not Support the Presupposition

I will now argue that Moorean Scientific Realism is based on a mistake -- not based on science
but on a confused medley of science and preconceived ideas. I see it as a commendable attempt to
eschew Foundationalism, but not as one that succeeds. My argument has three parts. First, science tells
us that we have much relevant ignorance. Second, science does not provide us with a measure of that
ignorance, which we are left to supply for ourselves. Third, the special sciences, which investigate the
conditions under which we actually live, operate on an approximation principle. This is in effect an
assumption about how favorable those conditions are, and it is an assumption they cannot support
without circularity.

2.3.1 Inductive and Abductive Methods Are Unreliable

There is, as far as I can see, exactly one shining ubiquitous example of induction and abduction:
racism, ethnic prejudice, and stereotyping. "Those people don't want to work, they only want handouts" -
- challenge this sentiment and the speaker will say that he has met a lot of them and they are all like that.
And he'll go on from this induction to his next theme with a rhetorical question "Some races or cultures
are very disadvantaged and exploited by others -- but isn't there some reason why they were like that in
the first place? Why they didn't develop a technology or civilization!" The question invites inference to
the best explanation, of course.

The role of science here is not to endorse but to criticize and correct this reasoning. The critique
has to include the admission that such reasoning is reliable under special circumstances. No matter how
badly you think of it, you must probably admit that racial and ethnic stereotyping, with its fast fight or
flight responses, saved lives in wars and riots, at the cost of sometimes doing individuals an injustice. In
a nutshell, this is the scientific verdict: humanly usable ampliative methods for prediction are entirely
unreliable in general, while reliable under historically important special circumstances. Prevalence of
such methods is to be explained by the brute accident of their survival value under special circumstances
in which we humans have lived and to which they happen to be suited.

In the scientific world picture it cannot be otherwise, for the humanly available indicators are at
once gross and meager. Let's look at some examples. Weather forecasting is still based -- and must be
based -- on such indicators, but gets us only a few days worth of reliable information, even with satellite
photos. The weather has several much further reaching analogues.

For example, there is also 'cosmic weather'. A letter to the New York Times [11] points out that
about 3000 meteors of significant size hit the earth each day. Assuming current recent figures of air
traffic, the letter calculates that there is a 10% probability that one of these hits an airplane within a 30
year period. Believe me, the airline pilots receive no useful meteorological predictions on that subject!
Yet cosmic weather matters: the dinosaurs were rulers of the Earth, but succumbed to it.

Similarly we can speak of microphysical weather. Predictability is limited to laboratory
conditions. The metals, salts, and carbon compounds are normally not pure: microphysical storms rage
all around and inside us. From time to time the microphysical weather deteriorates, and we die of
unknown, hardly classifiable causes.

Let me return for a moment to ordinary weather forecasting. This has greatly improved during
the last half century. We are rather lucky here on Earth in that the forecast rule "Tomorrow same as
today" really does not do all that badly. That is the accepted performance baseline. It's what
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meteorologists mean by "just guessing”, though logically it is not at all random, it is a true ampliative
rule. Today the papers publish 5 day forecasts, because no model we have, using the information we can
obtain, does better than 'just guessing' on the 6th day.[12]

The problem is not that we do not understand the mechanics of weather. We think we do. But
theoretical studies show that even under the perfect model assumption (assumption that the equations are
exact) we get improvement over guessing for at most two weeks. And the improvement over guessing,
even for tomorrow (let alone the penultimate forecast day!) is not phenomenal.

We are lucky that we happen to live in a rather stable environment, in which microphysical,
cosmic, and earthly weather are all rather benign. On the assumption that our science is true, this luck,
rather than the virtues of our inductive habits, is what saves us.

Looking at induction and similar 'methods', we tend to focus on the successful examples, and on
the rationale people so often give for what they believe. Both are misleading. If we use induction
(generalization from known examples, extrapolation from observed frequencies) it sometimes works and
sometimes does not. Can induction tell us when this sort of extrapolation will succeed and when it won't?

This is the place where science has something to tell us: if science is true, success will depend on facts of
microstructure and cosmic structure which cannot be among the input for human induction. So the
answer is No: induction cannot tell us which applications of induction will succeed.[13]

I can easily imagine two objections. First of all, do we not enjoy a great deal of regularity and
predictability? Think of the seasons and of cooking, two cases in which our record of successful
prediction spans millennia. Secondly, haven't we learned to use our gross and meager indicators to gauge
underlying conditions, on which to base further prediction? Temperature, tongue color, and pain serve to
diagnose illnesses with predictable courses and response to medicine.

I grant both points. However, I see the second as but an instance of the first, and see both as
fortunate regularities that we have fortunately latched onto. My focus on salient unpredictability was a
device to highlight the part of fortune which is equally important to long-range and short-term prediction.

But to support this view, I will clearly need to examine the question on a more theoretical level.

2.3.2 Science Does Not Tell Us the Boundary Conditions, Nor Give Us a Probability
Measure over Them

To focus the discussion, despite its abstraction, let's assume for now that Newton's System of the
World is the true science. What I shall argue is that if this is taken as the basis, in principle, of all science
then we are not justified to expect its future success. Of course we may be rational to expect that
nevertheless, but we cannot support the expectation on the basis of science (alone). The argument will
apply mutatis mutandis to later candidates for basic science.

As Eugene Wigner observed, the crucial turn to modern science, completed by Newton, was the
search for laws of succession: principles that govern how given conditions evolve into other conditions.
Newton's important contribution was not that there are exactly six planets, or that planets follow elliptical
orbits; but rather that if initial and boundary conditions are thus and so then later conditions will be such
and such.

Unfortunately for us, many different conditions in the past, the elsewhere, and the undetectably
small are compatible with our human situation and its observed development. Those different compatible
conditions give us -- if we add no special assumptions or wishful thinking -- many different predictions.

9
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Hence those beautiful laws, together with our present knowledge, leave us in a predictive vacuum.

Newtonian science allows for the logical possibility of conditions evolving as we know them, up
till now, and then becoming radically unstable, from our point of view, at every level. It may be objected
that I'm taking the usual skeptics' or empiricists' recourse to weird logical possibilities here. Surely we
can discount those nightmares? They are incredibly improbable!

Fine, I will personally assent to this probability judgment -- but that probability is not supplied by
Newton's science. There is no probability measure on the initial conditions which comes with that
scientific theory. Well, then, can't we infer backward to initial conditions from known conditions today?
Agreed that we can't do it by mere deduction, but what about probability? Bayes' Theorem is designed to
address this question. Unfortunately Bayes' Theorem helps only those who have helped themselves to a
prior probability. Given the evidence it will tell us how to arrive at posterior odds by multiplying the
prior odds (between hypotheses) with the 'Bayes factor'. But we have to supply those prior odds
ourselves. Science does not do so.[14]

I've focused on Newtonian science for concreteness, but the situation is no better today.
Quantum mechanics gives us only conditional probabilities. If certain conditions obtain, then specified
outcomes have calculable probabilities. But there is no probability for those initial conditions.

There are indeed attempts to replace or supplement quantum mechanics with true 'tychism ' -- i.e.
a theory which derives the conditional probabilities from a postulated absolute probability distribution.
Examples are Bohm's hidden variable theory as recently elaborated, and the Ghirardi-Rimini-Weber
theory.

Well, that is not science today. The Moorean Scientific Realist should be the last to base his
arguments on anything but accepted current science. Anyway, imagine the news that new interpretations
of quantum mechanics, or new developments in atomic physics, may save Induction after all! Little did
the Newtonians know __ .

2.3.3 'What about the Special Sciences?

It is easy to imagine a Moorean Scientific Realist's reaction to my demurrals. True, s/he will say,
science corrects and criticizes our inductive habits when they take certain concrete forms. But the
important word is "corrects": the unreliable practice is replaced by a more reliable one. Thus it is a true
advance when we stop 'predicting' the weather more than five days ahead: we are better predictors when
we make fewer unreliable predictions. Meanwhile the same science has given us more reliable
predictions for the next four days.

Granted, the 'basic' or 'fundamental' sciences do not do this for us. The Theory of Everything, or
what passes for it in a given age, provides only a framework for the special sciences that
provide the humanly usable information needed to live on this small planet, in this solar system, within
this cosmic era. Hence the limitations of the 'basic' science are simply beside the point. The task for the
Moorean epistemologist is to show the reliability of the methods actually used by science, under the
historically given conditions, on the basis of what we have found out about those conditions.

Surely this is plausible, and commendably modest as well? But this plausible claim is not being
made about the methods used to predict the weather, build bridges, or improve our agriculture. It is being
made about the methods putatively making up the scientific method, the means by which the basic and
special sciences are constructed. Those special sciences are biology, medicine, materials science,
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psychology, .... Will these special sciences imply then that methods used to develop scientific
cosmology, theories that tell us about reality far beyond our small spatio-temporal region, are reliable
when used by people living in that region? Or will they be able to tell us only that very specialized
inductions, say concerning our planet's atmosphere and global warming within our own historic era are
reliable?

As concrete example, let us look at a very successful class predictions that we all know. For most
familiar sorts of interaction we predict that entropy will increase, not decrease. We predict that the cream
stirred into the coffee will not separate out again, either spontaneously or with further stirring, and so
forth. We might call this the "thermodynamics of everyday life".

An epistemologist might well claim that these rules of prediction were initially arrived at by
straight induction or abduction from pervasive features of the experienced world. But today, long after
they became common practice, science justifies these rules, by implying that they are generally reliable.
These small rules of prediction can be justified directly on the basis of thermodynamics, with its famous
second law that entropy tends to increase and never decreases. (The "never" can more realistically be put
in statistical form, giving us "moral certainty" that we won't encounter exceptions.) This is a good
case to examine, for the second law of thermodynamics, even in statistical formulation, does not follow
from basic science. It cannot be derived on the basis of classical mechanics, unless we add an assumption
about initial or boundary conditions, whether outright or probabilified. It has to be regarded as a principle
of one of the special sciences, applied chemistry perhaps, or applied physics.

If we now take for granted that thermodynamics is by now part of our knowledge of nature, then
we know that the rules of the thermodynamics are reliable. Note well that they have then become simply
applications of deduction and the statistical syllogism -- they are no longer inductions. Induction is not
needed once we can derive our predictions from a special science which has become part of our
knowledge.

Could we perform the same trick for the methods of induction, abduction, and the like which are
assumedly used to construct all the sciences? A precisely similar justification would follow from our
knowledge only if it included a sort of "universal second law", some knowledge which entails that those
methods are reliable. If we had that, we would of course no longer need non-deductive, ampliative
methods -- we would have replaced them with deductions from that "law". We have quite clearly arrived
here at one of the famously impossible ideas in the history of induction: its justification on the basis of a
principle of "uniformity of nature". But worse: we have very idiosyncratically arrived at the idea that
this principle could be established by the special sciences, which investigate the particular conditions of
human existence!

2.3.4 So, Scientifically Speaking, How Do We Reach Conclusions about Initial and
Boundary Conditions?

The short answer is: not by any method whose reliability is implied by science.

Let me rephrase the question as follows: how does science proceed from basic science to the
special sciences? Keeping his basic laws of mechanics as foundation, Newton adds the law of gravitation
to describe this universe, he adds that there is one sun and six planets to describe our solar system, he
adds that there is one moon to describe the more immediate gravitational forces on our planet Earth. Seen
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in this way, the extension from basic to special science is simply by postulation. But of course that is not
a realistic picture: Newton had reasons to choose the specific postulates -- he knew quite a lot about the
phenomena and wanted to 'fit them into' his model.

This is the precise point where we notice a very deep assumption at work, which was again
highlighted by Reichenbach.[15] In this 'fitting in' a certain assumption is made. I'll give it a special
name:

Approximation Principle: if certain conditions follow from the ideal case, then approximately

those conditions will follow from an approximation to the ideal case.

Newton demonstrates that from a very idealized, simplified description of the solar system, something
approximating the known phenomena follows. Well, so what? What's the point of deriving true
conclusions from a false premise?

The point is that this demonstration 'fits' the phenomena 'into' the Newtonian model if we assume
the above Approximation Principle. On that assumption, Newtonian science has then successfully
entered the domain of the special science and can take it over: provide it with new foundations, and both
correct and extend scientific opinion in that domain in hopefully fruitful ways.

But is this Principle true? Newtonian mechanics does not imply that it is. It was well known
long before the advent of Chaos theory that classical physics allows for cases in which that is just not so.
Therefore the basic science cannot justify use of this Principle. But the special sciences, conceived of as
extensions of basic science, are established under the assumption of that Principle -- indeed, that Principle
is the only and the crucial link between the special sciences and their more basic parent science(s).
Therefore the special sciences cannot justify this principle for us without circularity.

Science can certainly tell us that under certain conditions an ampliative rule we use is reliable.
That is correct. For example, science may spell out conditions under which the forecast rule

If it rains today then probably it will rain tomorrow
may enjoy a certain degree of calibration. But then the question is whether those conditions obtain. And
there we go again. Fortunately for us, we have put our trust in many such rules of thumb that had
survival value, and have been nimble enough to discard ones which led us astray before they did mortal
damage. Lucky for us!

2.3.5 Wh