Chapter 3

CLUES TO THE PUZZLE OF SCIENTIFIC EVIDENCE:

A MORE-SO STORY

The liberty of choice [of scientific concepts and
theories] is of a special kind; it is not in any way
simlar to the liberty of a witer of fiction. Rather, it
is simlar to that of a man engaged in solving a well -

desi gned word puzzle. He may, it is true, propose any
word as the solution; but, there is only one word which
really solves the puzzle in all its parts. It is a matter
of faith that nature -- as she is perceptible to our five
senses -- takes the character of such a well-formulated

puzzle. The successes reaped up to now by science ...

give a certain encouragenent to this faith. [ALBERT

El NSTEI N] ¢

What is scientific evidence, and how does it warrant
scientific clains? That honorific usage in which "scientific
evi dence" is vaguely equivalent to "good evidence" is nore

trouble than it's worth. When | wite of "scientific evidence"

| mean, sinply, the evidence with respect to scientific clains

and theories. Scientific evidence, in this sense, is |like the

evidence with respect to enpirical clains generally -- only
nore so: nmore conplex, and nore dependent on instrunments of
observati on and on the pooling of evidential resources.

The only way we can go about finding out what the world
is like is to rely on our experience of particular things and
events, and the hypotheses we devise about the Kkinds,
structures, and laws of which those particular things and
events are instances, checked against further experience and
further hypotheses, and subjected to logical scrutiny. The

evidence bearing on any enpirical claim is the result of



experience and reasoning so far, a nesh of many threads of
varying strengths anchored nore or less firmy in experience
and woven nore or less tightly into an explanatory picture. So
| look at questions about evidence, warrant. etc., not in
pristine logical isolation, but in the context of facts about
the world and our place as inquirers in the world. And |
deli berately eschew the famliar O d Deferentialist jargon of
the confirmation of theories by data or by observation or
basic statenents, to signal that nmy conception of evidence
presupposing no distinction of observational and theoretical
statenents, is considerably anpler than "data"; that ny
conception of warrant is inelimnably tenporal, personal, and
social; and that my account of the determ nants of evidentia
quality is not purely formal, but worldly, and not |inear, but
mul ti - di mensi onal .

Scientific evidence, |like enpirical evidence generally,
normal |y includes both experiential evidence and reasons, and

both positive evidence and negative. It is conplex and ram fy-

ing, structured -- to wuse the analogy | have Ilong found
hel pful, but only recently found anticipated by Einstein --
nore like a crossword puzzle than a mathematical proof. A

tightly interlocking nmesh of reasons (entries) well-anchored
in experience (clues) can be a very strong indication of the
truth of a claim or theory; that is partly why "scientific
evi dence” has acquired its honorific use. But wher e

experiential anchoring is iffy, or where background beliefs



are fragile or pull in different directions, there wll be
anbiguity and the potential to m sl ead.

Of course, the role of an analogy is only to suggest
i deas, which then have to stand on their own feet; of course,

the wusefulness of one analogy by no nmeans precludes the

possibility that others will be fruitful too; and of course
an analogy is only an analogy. Scientific evidence isn't |ike
a crossword puzzle in every respect: there will be nothing,

for exanple, corresponding to the appearance of a solution in
tonmorrow s paper; nor (t hough a sevent eent h-century
phi |l osopher thinking of scientists as deciphering God's Book
of Nature would have thought otherwise) is there a person who

designs it. Nor, unlike Kuhn's mldly denigratory talk of

normal science as "puzzle-solving,” is nmy use of the crossword
anal ogy intended to convey any suggestion of lightness or of
the nerely routine. But the analogy will prove a useful guide

to some central questions about what nakes evi dence better or
wor se.

Al of wus, in the nost ordinary of everyday inquiry,
depend on | earned perceptual skills |ike reading, and nany of
us rely on glasses, contact |enses, or hearing aids; in the
sci ences, observation is often highly skilled, and often
medi at ed by sophisticated instruments thensel ves dependent on
theory. All of us, in the nost ordinary of everyday inquiry,
find ourselves reassessing the likely truth of this claim or

that as new evidence conmes in; scientists nust revise their



assessnments over and over as nenbers of the comunity nmake new
experiments, conduct new tests, develop new instrunments, etc..
Al'l of us, in the nost ordinary of everyday inquiry, depend on
what others tell wus; a scientist virtually always relies on
results achieved by others, from the sedinmented work of
earlier generations to the latest efforts of his contenpo-
raries.

This, from a 1996 press report on that controversi al
Martian neteorite, conveys sone idea of just how much "nore

so" scientific evidence can be:

A recovery team found [a 4.3-pound neteorite, designated

ALHB84001] in 1984. ... 4 billion years earlier, it was
part of the crust of Mars. (Scientists know this because
when the rock is heated, it still gives off a mx of
gases unique to the Martian atnosphere.) ... From this

unprepossessing piece of rock scientists have teased out

evi dence |eading toward an astonishing conclusion.
Team nmenmber Richard Zare, a chem st at Stanford, used
| asers and an extrenely sensitive detector called a mass
spectroneter to spot nolecules called polycyclic aromatic
hydrocarbons. PAHs result from conbustion; they are found

in diesel exhaust and soot... . But they also come from
the deconposition of Iliving organisns. The residue in
ALHB84001, says Zare, "very nuch resenbles what you have
when organic matter decays."” ... Under another high-tech

sensor, an ultra-high-resolution transm ssion m croscope
[ scientists] found that the thin black-and-white bands at
the edge of the carbonates were nade of mineral crystals

10 to 100 nanoneters across. ... The crystals in the
nmeteorite were shaped |ike cubes and teardrops, just |ike
those forned by bacteria on earth. [David MacKay of the
Johnson Space Center says] "W have these lines of

evidence. None of themin itself is definitive, but taken
toget her the sinplest explanation is early Martian life."
... Some scientists in the field express nore optimsm
t han ot hers 2

Since then there has been heated controversy over whether

or not this really was evidence of early Martian life. In 1998



new chem cal studies conparing organic materials in the
nmeteorite with those found in the surrounding Antarctic ice
showed that significant ampunts of the organic conpounds in
the nmeteorite are terrestrial contam nation; but these studies
didn't examne the crucial nolecules, the PAHs. Controversy
seens likely to continue at |east until new sanples of Martian
rock and soil can be brought back by robotic spacecraft.?

As the exanpl e suggests, warrant comes in degrees, and is
relative to a tineg; a scientific idea, usually very
specul ative at first, tends either to get better warranted, or
to be found untenable, as nore evidence comes in or is flushed
out. As the exanple also suggests, talk of the degree of
warrant of a claimat a tine, sinpliciter, is shorthand for
tal k about how warranted the claim is at that tine by the
evi dence possessed by sone person or group of people.*

Since it is individuals who see, hear, etc., ny account
begins with the personal conception, the degree of warrant of
a claimfor a person at a time. The next step, distinguishing
a person's experiential evidence and his reasons, and
expl aining how the two work together, is to articulate what
makes a person's evidence with respect to a claim better or
wor se, and hence what makes the claim nore or |ess warranted
for him Then, to articulate sonmething of what is involved in
evi dence-sharing, | shall need to extrapolate from the degree
of warrant of a claimfor a person at a tinme to the degree of

warrant of a claim for a group of people at a tine; and then



to suggest an account of the inpersonal conception, of the
degree of warrant of a claimat a time, sinmpliciter. Then I
will be able to say sonething about how the concept of warrant
relates to the concepts of justification and confirmation; to
explain how degree of warrant ideally relates to degree of
credence; and to discrimnate what is objective, and what
perspectival, in the concepts of warrant, justification, and
reasonabl eness.

Because warranted scientific claims and theories are
al ways warranted by sonebody's, or sonebodies', experience,
and sonebody's, or sonebodies', reasoning, a theory of warrant
must begin with the personal, and then nove to the social
before it can get to grips with the inpersonal sense in which
we speak of a well-warranted theory or an ill-founded
conjecture. This, obviously, is about as far as it is possible
to be from Popper's ideal of an "epistemology wthout a

knowi ng subject.” Ironically enough, however, it is alnost as
congenial to his analogy of scientific know edge as like a
cathedral built over the centuries by generations of nasons,

carpenters, glaziers, gargoyle carvers, and so on, as to mne

of scientific knowl edge as |ike part of a vast crossword
gradually filled in by generations of specialists in anagrans,
puns, literary allusions, and so forth.

_ 1 --

Warrant -- the personal conception



What determ nes the degree of warrant of a claim for a
person at a tine is the quality of his evidence with respect

to that claimat that time. "Hi s evidence" refers both to his

experiential evidence (his seeing, hearing, etc., this or
that, and his renenbering having seen, heard, etc., this or
that -- his past experiential evidence), and to his reasons

(other beliefs of his). There are significant asymetries
bet ween experiential evidence and reasons, as between clues
and crossword entries: nost inportantly, the question of
warrant arises with respect to a person's reasons, as it
arises with respect to crossword entries; but perceptual,
etc., events and states, like clues to a crossword, neither
have nor stand in need of warrant.’

Let me take experiential evidence first.

Both in the law and in everyday life, there is a usage in
whi ch "evidence"” neans "physical evidence,” and refers to the
actual fingerprints, bitemarks, docunments, etc.. W hear
reports of new evidence about a plane crash brought up from
the ocean floor, or of new evidence about a crine discovered
in a suspect's apartment. M account wll accommpdate this
usage, not directly, but in an oblique way, by taking for
granted that in scientific observation, as in perception
generally, we interact by neans of our sensory organs wth
things around us -- with the traces of the gases given off by

that Martian neteorite when it is heated, with stuff on the



slides under the mcroscope, with Rosalind Franklin's X-ray
diffracti on photographs of DNA, and so on. So in my account,
the bits of airplane, the incrimnating letter, etc., are the
objects of experiential evi dence, what is perceived. A

person's experiential evidence is his perceptually interacting

in one way or another -- with the naked eye at a distance in
poor |ight, by means of a powerful mcroscope in good I|ight,
etc. -- with a thing or event.

Thinking of experiential evidence in science, it 1is

natural to speak, not of perception, but of observation; and
here -- as when we speak of the observations nade by a
detective, or of a patient's being "under observation” in
hospital -- the word carries a connotation of deliberateness.
Scientific observation is active, selective; it calls for
talent, skill, and sonetines special training or background
know edge, as well as patience and sharp eyes. Very often it
is nmediated by instrunentation. Experiential evidence and
reasons work together, as the reasonabl eness of a crossword
entry depends in part on its fit with the clue and in part on
its fit with intersecting entries. | don't assune a class of
clainms (the "observation statenment s” of sone ad
Deferentialist accounts) fully warranted by experience alone;
rather, | see experiential evidence and reasons as carrying
the burden in different proportions for different clains. But
neither do | assune that each scientific claim has its own

experiential evidence, as in a conventional crossword each



entry does; often it is nmore |like an unconventional crossword
in which a clunp of entries shares a clue, or a bunch of
cl ues.

Al'l this, obviously, takes the relevance of experience to
warrant for granted. So what about Popper's argunent for the

irrel evance of experience -- that, since there can be | ogica

relations only anong statenments, not between statenents and
events, scientists' seeing, hearing, etc., this or that can
have no bearing on the warrant of scientific clains and
theories? It is true that logical relations hold only anong
statements (or whatever the truth-bearers are); but the
concl usi on Popper draws -- that, e.g., sonmeone's seeing a
black swan is wutterly irrelevant to the reasonabl eness or
ot herwi se of his accepting the statenment that there is a black
swan at such-and-such a place at such-and-such a tinme, and
hence to the reasonabl eness or otherwi se of his rejecting the
statenment that all swans are white -- is about as thoroughly
i npl ausi ble as a conclusion could be; so inplausible that
Popper hinmself elides it into the quite different thesis |
have been defending, that experiential evidence is relevant
but not sufficient.® This doesn't yet tell us how experience
contributes to warrant; but it does tell us that the other
assunmpti on on which Popper's argunment for the irrelevance of
experi ence depends -- that warrant is a matter exclusively of
| ogical relations anong statenments or propositions -- nust be

untrue.
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So, how does experience contribute to warrant? A sinple
answer mght rely on the old idea that, while the neanings of
many words are | earned by verbal definition in ternms of other
words, the nmeanings of observational words are |earned by
ostensive definition, as the |anguage-|learner hears the word
used by soneone pointing out something to which it applies.’
So a person's seeing a dog warrants the truth of his belief
that there's a dog present in virtue of the fact that "dog" is
ostensively defined in such a way as to guarantee that it is
appropriate to use it in just such observable circunstances as
these. This picture, with its sinmple division of ternms into
observational and other, and of definitions into ostensive and
verbal, won't do as it stands. Language is far subtler than
t hat, t he i nt erconnecti ons of wor ds with observabl e
circunst ances and anong thensel ves nmuch nore tangled -- as the
| anguage- | earner soon discovers as he masters "toy dog,"
"l ooks like a dog," etc., and |learns nore about what the truth
of "it's a dog" requires and what it precludes. Neverthel ess,
the central idea seens right: our perceptual interactions with
the world give sonme degree of warrant to clains about the
wor| d because of the connections of words with the world and
with each other that we learn as we | earn | anguage.

Perhaps we can preserve this central idea while renedying
the deficiencies of the sinple dichotony of ostensive versus
verbal definitions. Even a very sinple correction, replacing

the dichotomy of observational versus theoretical predicates
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by a continuum of nore and | ess observational, |ess and nore
t heoretical, would be an inprovenent. But it would be better
to nmake room for the possibility of different speakers
learning a word in different ways, and of terns that can be
| earned either by a conbination of ostention and verbal
explanation or entirely by verbal explanation. Correcting the
sinple contrast of ostensive versus verbal definitions,
allowing for the tangled nesh of extra- and intra-linguistic
connections of words, we could explain both how experiential
evi dence can contribute to the warrant of a claim and how the
warrant given a claim by a person's experience nmay be
enhanced, or di m nished, by his reasons.

We nearly all encounter a sentence like "this is a glass

8 in the first instance, by hearing it used in

of water,"
normal circunmstances in which a glass of water is visible to
both teacher and |earner. Subsequently, however, we l|learn a
| ot of caveats and conplications: a glass of water | ooks,

snells, tastes, etc., thus and so, provided the observer and

the circunmstances of observation are normal; if the stuff in
the container is really water, it wll give such and such
results under chem cal analysis; etc., etc.. So seeing the

thing can partially, though only partially, warrant the claim
that there's a glass of water present; for a normal observer
in normal circunmstance can tell it's a glass of water by
| ooki ng, even though there is roomfor m stake.

A nmolecular biologist has to learn to read an X-ray
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diffraction photograph, as all of us had to learn to read.
Soneone who had | earned the predicate "helix," ostensively or
ot herwi se, by reference to sinple exanples l|like a tel ephone
cord, but who had no experience of X-ray diffraction photo-
graphs, wouldn't be able to make nmuch of Rosalind Franklin's
phot ograph of the B form of DNA. As soon as Janes Watson saw
it, however, he was firmy convinced that the DNA nolecule is
helical. And his seeing the photograph partially, but only
partially, warranted this claim For a trained observer in
appropriate circunstances can tell it's a helix by |ooking at
a (good enough) X-ray diffraction photograph, even though
there is room for m stake.

In sum a person's seeing, etc., this or that can
contribute to the warrant of a claim when Kkey terns are
| earned by association with these observable circunstances --
the nore [the less] so, the nore [the less] the neaning of
those terms is exhausted by that association. Experiential
evi dence consists, not of propositions, but of perceptual
interactions; and it contributes to warrant, not in virtue of
| ogi cal relations anong propositions, but in virtue of connec-
tions between words and world set up in |anguage-| earning.

—— kkk -

Now et me turn to reasons.

When, earlier, | rather casually referred to a person's
reasons as other beliefs of his, |1 hadn't forgotten that

according to sone philosophers, anmong them both Peirce and
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Popper, belief has no place in science. | agree that faith, in
the religious sense, does not belong in science; though in
their professional capacity scientists accept various clains
as true, this usually is, or should be, tentative, and always
in principle revisable in the light of new evidence. By ny
lights, however, to believe something is to accept it as true,
in just this fallibilist sense;® that's why | shall sonetines
wite of the "degree of credence" a person places in a claim
or theory.

Unfortunately, it won't quite do sinply to construe a
person's reasons as those propositions in which he places sone
degree of credence, ignoring the fact that sone of his beliefs
are strongly held and others weakly -- any nore than it would
do, in judging the plausibility of a crossword entry, to
ignore the fact that one intersecting entry is witten firmy
in ink, another only faintly in pencil. If a crossword entry
intersecting the entry at issue is only lightly pencilled in,
it counts for less, positively or negatively, than if it is
indelibly inked in; simlarly, if a person gives a reason for
or against a claimonly a nodest degree of credence, it should
count for less, positively or negatively, than if he holds it
very firmy. One way to accommpdate this mght be to treat a
person who places sonme but |ess than conplete credence in a
proposition as giving full credence to a hedged version of the
sane proposition; and so to include anobng his reasons

sonething along the lines of "there is a good chance that p,"
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"it is likely that p," or "there is sonme chance that p," "it
is possible that p." Another would be to include the
propositions w thout the hedges, and conpensate sonmehow by
adjusting the degree of warrant of the claim for, or against,
whi ch they are reasons. | shall take the latter route.

Unli ke his experiential evidence, a person's reasons are
propositional; and so it m ght seemthat here at |east we nust
be squarely in the domain of logic. Not so, however. Reasons
ramfy, nmore |like the entries in a crossword puzzle than the
steps in a mathemati cal proof. The plausibility of a crossword
entry depends not only on how well it fits with the clues and
any intersecting entries, but also on how plausible those
other entries are, independent of the entry in question, and
on how much of the crossword has been conpleted. Simlarly,
the quality of a person's evidence with respect to a claim
depends not only on how supportive his reasons are of that
claim but also on how warranted those reasons are, indepen-
dent of the claimin question, and on how nuch of the rel evant

evidence his evidence includes. Mreover, as it turns out not

even supportiveness -- not even conclusiveness, the |imt case
of supportiveness -- is quite sinply a matter of | ogic.
[ Rk J——

For reasons to be conclusive with respect to a claim --
i.e., to support it to the highest possible degree -- it is
not sufficient that they deductively inply the claim For

i nconsi stent propositions deductively inmply any proposition



15

what ever (from p and not-p, g follows, whatever q may be);*°

but inconsistent reasons aren't conclusive evidence for
anything, Jlet alone for everything (p and not-p isn't
conclusive evidence for any q, let alone for every q).*' For

exanpl e, suppose the evidence is: that the nurderer is either
Smth or Jones; that whoever commtted the nurder is left-
handed; that Smith is right-handed; and that Jones is right-
handed. This deductively inplies that Jones did it; and that
Smith did it; and that aliens did it. But it is certainly not
concl usive evidence for any of these clainms, |et alone for all
of them However, if the evidence were: that the nurderer is
either Smth or Jones, that whoever conmtted the nurder is
| eft-handed, that Smith is right-handed, and that Jones is
| eft-handed, it would be conclusive with respect to the claim
that Jones did it. So conclusiveness requires that the

evi dence deductively inply the claimin question, but not also

its negation; i.e., that it deductively inply that claim

differentially, and not just in virtue of the fact that, being
i nconsistent, it inplies every proposition whatsoever.

The principle that everything foll ows deductively from a
contradiction is a principle of <classical logic. So non-

classical logicians may object that while the inference from

“"p and not-p" to an arbitrary is valid in classical |ogic,

q
there is a whole range of non-classical systens -- paracons-
istent logics, relevance 1logics, connexivist |ogics, etc.,

etc. -- in which this inference is not valid; and propose that
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we close the gap between conclusiveness of evidence and
deductive inplication by resorting to such a logic. | suspect
that the notivation for such non-standard systens derives at
|l east in part froma confusion of |ogical wth epistenol ogical
i ssues; but | don't rule out the possibility that they m ght
shed some light on how inconsistent evidence could, in sone
circunstances, be better than sinply indifferent with respect
to supportiveness.®

Agai n, lawers mght object that inconsistent testinony
can be extrenely informative. Indeed it can; but that w tness
A says that p, while witness B says that not-p, does not
constitute inconsistent evidence in the sense at issue here

(i.e., evidence of the form "p and not-p"). Ganted, a person
who is aware of an inconsistency in his evidence with respect
to sonme claimis in sonething like the position of a |awer
faced with inconsistent testinony; and if he is sensible he
will try to identify the background beliefs responsible for
the inconsistency, and assess which are better-warranted.
Wtness A saw the nurder from close up, a juror mght reason

B only from a distance, so A's testinony is likelier to be
right; or: A is the defendant's brother-in-law, while B is a
stranger to him so B has less reason to lie. A scientist who
realizes that there is an inconsistency in his evidence nay
reason in a simlar way: "nmy confidence that DNA is conposed

of the four nucleotides in regular order is less well-

warranted than nmy confidence that bacterial virulence is
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contained in nucleic acid, not protein; so of my evidence that
DNA is genetic material, and my evidence that it isn't, the
former is likelier to be right.” But this is quite conpatible
with nmy point, which is only that inconsistent evidence is not
concl usi ve evi dence.
—— kkk -

Agai nst the background of the famliar quarrels between
t he I nducti vi st and deducti vi st W ngs of t he ad
Deferentialism it may seem that to acknow edge that there is
such a thing as supportive-but-not-conclusive evidence nust be
to declare allegiance to the inductivist party. Not so,
however. There is supportive-but-not-conclusive evidence; but
there is no syntactically characterizable inductive logic, for
supportiveness is not a purely formal matter.

David Mackay observes that, though the evidence derived

from that neteorite is not definitive, "the sinplest explana-

tion is early Martian life." He takes for granted that the
evidence so far supports the idea of wearly Martian life
because there having been bacterial |ife on Mars |ong ago

woul d explain how things cone to be as the evidence says. And,
whet her or not he is right about bacterial life on Mars, he is
right to assunme a connection between supportiveness and
expl anati on.

The connection is not, however, sinmply that evidence
supports a claim in virtue of the clainis being the best

expl anati on of the evidence. Supportiveness of evidence is not
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categorical, but a mtter of degree. That there is a
significantly greater incidence of lung cancer in snmokers than
in non-snokers, for exanple, supports the claim that snoking
causes lung cancer; but the degree of support 1is very
significantly enhanced by additional evidence of specific
geneti c damage connected to lung cancer and caused by snpking.
Moreover, there is that "nutual reinforcement between an
expl anation and what it explains."' In the exanple just given,
the evidence supports the claim in virtue of the claims
potential to explain the evidence. But the explanatory
connection may go either way;, in other cases it is a matter,
rat her, of the evidence potentially explaining the claim That
there is a trough of |ow pressure noving in a south-easterly
direction, for exanple, supports the claim that Hurricane
Floyd will turn north before it reaches the South Florida
coast, because there being such a trough of |ow pressure would
explain the hurricane's turning north. So "inference to the
best explanation"” is too one-directional, and captures only a
smal | part of a larger picture in which degree of supportive-
ness of evidence is tied to degree of explanatory integration
of the evidence with the claimin question.

Expl anatory integration is a pretty concept, but not easy
to spell out. But it is clear, at any rate, that neither
expl anation nor, a fortiori, explanatory integration or
supportiveness of evidence, can be narrowy |ogical concepts.

For explanation, like prediction, requires the classification
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of things into real kinds. Knowi ng that geese migrate south as
the weather cools, we predict that when the weather gets
cooler this goose will fly south, and explain that this goose
flew south because the weather got cooler -- which is only
possi bl e because classifying sonmething as a goose identifies
it as of a kind nenmbers of which behave thus and so. There is
the sanme covert generality in the previous exanples: e.g., if
"trough of | ow pressure” and "hurricane” didn't pick out real
nmet eor ol ogi cal phenonmena connect ed by real | aws, t he
predi cti on would be unjustified and the appearance of expl ana-
tori ness bogus. Explanatoriness is not a purely logical, but a
wor | dly, concept.

So if we think of supportiveness as a relation anong
sent ences, it wll be a vocabulary-sensitive relation
requiring kind-identifying predicates; in other words, it wll
not be syntactic, a matter of form alone, but broadly
semantic, depending on the extensions of the predicates
i nvol ved. (The point is masked, but not obviated, if we think
of supportiveness as, rather, a relation anong propositions.)
This suggests why scientists so often find thensel ves obliged
to modify the vocabulary of their field, shifting the use of
old terms or introducing new ones: a vocabulary can not only
be nmore or |ess convenient or nore or less transparent in
meaning, but also -- nost inportantly -- nore or |ess

successful at identifying kinds of thing, stuff, or phenonena.

[ R J——
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How plausible a crossword entry is depends not only on
how well it fits with the clue and any already-conpleted
intersecting entries, but also on how plausible those other
entries are, independent of the entry in question, and how
much of the crossword has been conpleted. Anal ogously, the
degree of warrant of a claim for a person at a tinme depends
not only on how supportive his evidence is, but also on how
conprehensive it is, and on how secure his reasons are,
i ndependent of the claimitself.

A person's evidence is better evidence with respect to a
claim the nore [less] warranted his reasons for [against] the
claimin question are, independently of any support given them
by that claimitself. This clause suggests a possible solution
to the problem of weakly-believed reasons. By including anmong

a person's reasons all those propositions he gives sone degree

of credence, | avoided the difficulty of accommodating hedged
propositions like "possibly p," or "maybe g" into ny account
of explanatory integration; but didn't I t hereby give
partially-believed reasons nore weight than | should? No: the
unhedged "p" or "q" included as proxy will be |ess indepen-

dently secure than the hedged "possibly p" or "maybe " that
woul d accurately represent the person's degree of credence;
and so the independent security clause will conpensate for ny
including the stronger proposition by ensuring that a reason
for [against] a claim contributes less [nore] to its warrant,

the less firmy it is held.
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Al t hough the independent security clause nentions
warrant, there is no vicious circularity. In a crossword, the
reasonabl eness of an entry depends in part on its fit wth
ot her entries, and hence on how reasonable they are
i ndependent of the entry in question. Simlarly, the warrant
of a claimdepends in part on the warrant of other clains that
support it, independent of any support given to them by the
claimitself. This interlocking of nutually supportive clains
and theories no nore conceals a vicious circle than the
interlocking of nutually supportive crossword entries does.
Nor does it threaten us with an infinite regress, or |eave the
whole nesh floating in md-air; for experiential evidence,
which stands in no need of warrant, serves as anchor for
scientific clainms, as clues do for crossword entries.

The quality of a person's evidence, and hence the degree
of warrant of a claimfor him also depends on how nmuch of the
rel evant evidence his evidence includes. Conprehensiveness is
one of the determ nants of evidential quality, not an after-
t hought to be relegated to nmethodol ogy. (Stating the
conpr ehensi veness requirenent precisely, however, would call
for an extension of the conception of evidence on which I have

relied thus far; for in this context all the relevant
evidence"” has to nean sonmething like "answers to all the
rel evant questions.”) Even if it strongly supports the claim
in question, even if it is very secure itself, evidence is

poorer insofar as relevant information is m ssing. Wakness on
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the dinension of conprehensiveness is apt to make evidence
m sl eading, i.e., supportive of a false conclusion; and since
the evidence with respect to a scientific claim is never
absolutely conprehensive, there is always the possibility
that, as new evidence cones in, the evidence so far will turn
out to have been m sl eadi ng.

Because the determ nants of evi denti al are nmulti-
di nensional, and one claim may do well on one dinmension and
anot her on another, there is no guarantee of a |linear ordering
of rival clainms with respect to degrees of warrant. MNbreover
the three dinensions interact. Evidence which is poor on the
di mension of conprehensiveness is often also poor on the
di nensi on of supportiveness; while evidence which is highly
supportive of a claimis often rather lacking in independent
security.

Thi s sheds some light on an old disagreenment about the
status of negative evidence. Popper's thesis that scientific
claims can be falsified, but not verified or confirmed,
derives in part from his criterion of demarcation (equating
"scientific® wth "falsifiable"), and in part from the
assumption that a single negative instance falsifies a
generalization. The position associated with Quine and Duhem
by contrast, is that scientific laws and generalizations are
no nore decisively falsifiable than they are decisively
verifiable. The demarcation issue aside, there is disagreenent

about the evidential relation of negative instances to
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generalizations. Popper is right, of course, that negative
evi dence needs to be taken into account; and right that, for
instance, that there is a black swan at Perth airport at such
and such a time is a conclusive reason against the
generalization that all swans are white. But his critics are
right to insist that this doesn't settle the matter.
Concl usi veness is the highest degree of supportiveness; but
supportiveness is only one dinension of evidential quality. It
does not guarantee decisiveness, which would require in
addition that the conclusive reason be perfectly independently

secure, and that it be all the relevant evidence.?

-—_ 2 =

Warrant -- the social conception

Now et me turn to the warrant of a claimfor a group of
peopl e. *°

In 1954 George Ganmow set up the RNA Tie Club, a group of
20 people -- one for each amno acid -- devoted to figuring
out the structure of RNA and the way it builds proteins. Each
menber was to have a black RNA tie enbroidered with green
sugar - phosphate chain and yell ow purines and pyrim di nes, and
a club tie-pin carrying the three-letter abbreviation of his
assigned amno acid; later there was even RNA Tie Club statio-
nery, with a list of officers ("Geo Ganow, Synthesizer, Jim

Wat son, Optimist, Francis Crick, Pessimst, ... ").' Very few
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scientific communities, however, are as definitely identifi-
able as this; the notion of a scientific community is
notoriously vague, and specifying criteria for what is to

count as a scientific comunity, let alone for what is to

count as one such community, is a formdably difficult task.

In fact, "the" scientific community to which phil osophers
of science sonetinmes optimstically refer is probably nore
mythical than real; the reality is a constantly shifting
congeries of sub-communities, sone tightly interconnected and
sone | oosely, sone nested and sone overlapping, sone short-
lived and some persisting through several generations of work-
ers. So it is just as well that | can sidestep the awkward
probl ens about the individuation of scientific communities and
sub-comunities, because ny present task is to specify on what
t he degree of warrant of a claimdepends for any collection of
scientists, whether that collection is a closely-knit sub-
community or a scattered or gerrymandered group.

"One man's experience is nothing if it stands alone,”
wote C. S. Peirce,™ neaning that its engagement of many
people, within and across generations, is one of the great
strengths of the scientific enterprise. He was right; and not
| east because this enables the sciences to extend their
evidential reach far beyond that of any individual. But it is
not an unm xed bl essing. For in any group of scientists there
will likely be disagreements both about the claim the warrant

of which is at issue, and about the reasons for or against
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that clainm experiential evidence, furthernore, is always sone
individual's experiential evidence; and in even the nost
tightly-knit group of scientists there will be failures of
conmuni cation, with each nmenber having only inperfect access
to others' evidence.

Gven that different individuals wthin a group of
scientists my disagree not only in the degree of credence
they give the claimin question, but also in their background
beliefs, we can't construe the group's evidence as a sinple
sum of all the nenbers' evidence. But the crossword anal ogy
suggests a way to overcome this first difficulty. Think of
several people working on the sane crossword, agreeing that 2
down is "egregious,” and 3 across "gigantic," but disagreeing
about 4 across, which sonme think is "intent,” and others think
is "intern." What would determ ne how reasonable, given the
evi dence possessed by this group of people, an entry which
depends on 4 across is? Presumably, how reasonable it is if
the disputed entry is either "intent" or "intern" (or
equi valently, since the rival entries agree in their first
letters, if the last letters are either "nt" or "rn.")
Simlarly, where there is disagreenment in background beliefs
within a scientific community, the best approach may be to
construe the group's evidence as including not the conjunction
of the rival background beliefs, but their disjunction.
However, this one-size-fits-all sol ution wil | need

consi derabl e adj ust nent to accommodate disagreenments of
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di fferent shapes and sizes: the community may, for exanple, be
nore or less evenly divided, or there may be just one
di ssenter.

It is always an individual person who sees, hears,
remenbers, etc.. In scientific work, however, many people nay
make observations of the same thing or event; of an eclipse
from observatories in the northern and in the southern
hem spheres, for exanple. By observing the same thing or event
from different places, scientists have access to nore of the
information the thing or event affords. And by having severa
peopl e make the sanme observation, they can discrimnate the
eccentricities of a particular individual's perceptions from
what can be perceived by all normal observers. Sonetines one
person clains to be able to see what no-one else can: all the
observati ons supposedly confirm ng that a honmeopathic dilution
of bee-venom degranul ates blood cells, apparently, were nmade
by one observer, Elisabeth Davenas. In such circunstances,
either the person involved is an especially talented observer
(as Jacques Benveniste maintains Mle. Davenas is), or else he
or she is, as we say, "seeing things" (as John Maddox and the
team he sent from Nature to investigate the work of
Benveni ste's lab maintain M| e. Davenas nust be).

In relying on others' observations, scientists depend on
t hose others' perceptual conpetence, on the working of the
instrunents on which they rely, and on the honesty and

accuracy of their reports. It is a matter, not sinmply of
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mutual trust, but of justified nmutual confidence (usually
grounded inplicitly in the observer's, or his instrunent's,
credentials). Scientists wll reasonably take into account
that an observer's commitnment to this or that theory may nmake
hi mreadier to notice some aspects of what he or she sees than
others; and if they have grounds for suspecting the observer
of perceptual defect, instrunmental failure, dishonesty, or
sel f-deception --  whether directly or, as wth those
homeopat hy experinments, because the supposed results are so
extraordinary -- they may reasonably doubt the reliability of
his or her observational reports. In a group of scientists

even if each has his own experiential evidence, npbst depend at
second hand on others'. So the warrant of a claim for the
group will depend in part on how reasonable each nenber's
confidence is in others' reports of their observations; and in
part (now | turn to the third difficulty nentioned earlier) on
how good communi cation is within the group.

It hardly seens appropriate to allow that a claim is
warranted for a group in which evidence is not shared, but
nerely scattered: as with two scientists centuries apart, the
| ater quite unaware of the work of the earlier, or with rival
research teanms neither of which has ever seen the other's
reports. We would not count a claim as well warranted for a
group of people, even if between them they possess strong
evidence for it, unless that evidence is comrmunicated anong

the nmenbers of the group. Only when their evidence is shared -
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- as when the several people working on the same part of the
crossword puzzle are all able to look over the others’
shoulders -- can their joint evidence warrant a claim
"Efficiency of comrunication" covers a whole range of issues:
how effectively refereeing and publishing processes ensure
t hat good work is published quickly, and not drowned in a sea
of worthless busywork; how good the neans are of finding
relevant material; how far conferences manage to be occasions
for genuine comrunication and nutual education rather than
nmere self-pronotion and networking; how cogently and clearly
work i s presented.

So we could think of the degree of warrant of a claimfor
a group of scientists as the degree of warrant of that claim
for a hypothetical individual whose evidence is the joint
evidence of all the nembers of the group, only construed as
including not the conjunctions but the disjunctions of
di sputed reasons, and discounted by sonme neasure of the degree
to which each nenber is justified in believing that others are
reliable and trustworthy observers, and of the efficiency or

i nefficiency of communication within the group.

-— 3 --

Warrant -- the impersonal conception

Now | can say sonething about the inpersonal conception,

of the degree of warrant of a claimat a time, sinpliciter.
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When, |ooking at science from the outside, you wonder
whi ch clainms and theories are well and which poorly warranted,
it is this inpersonal conception which is nost salient. But to
say that a claim or theory is well or poorly warranted at a
time nust be understood as an elliptical way of saying that it
is well or poorly warranted by the evidence possessed by sone
person or some group of people at that tinme. And since a claim
may be well-warranted for this group or person, but poorly
warranted for that group or person, the question is on whose
evi dence "i npersonal " war r ant IS appropriately t aken
inplicitly to depend.

| shall construe it as depending on the evidence of the

person or group of people whose evidence is, in a certain
sense, the best. "In a certain sense," Dbecause in this
context, "best evidence,"” nmeans "best indicator of the l|ikely

truth of the claim or theory in question.” This is close to

"1 and should not be

the | egal conception of "best evidence,
confused with "best evidence" in the sense of "evidence which
gives the highest degree of warrant to the claimor theory in
guestion.” The difference is that in the sense relevant here
what matters is how secure and how conprehensive the evidence

is, whether it is supportive or underm ning, favorable or

unfavorable to the truth of the claimin question.

When there is efficient conmunication within a group, the
group's shared evidence nmy be better than that of any

i ndi vi dual nenber; but when communication within the group is
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poor, an individual's evidence nay be the best. For exanple,
after trying unsuccessfully to interest Karl Nageli in his
work, Gregor Mendel published his "Experinments in Plant
Hybridi zation" in the journal of the Society of Natural
Science in Brunn, Mravia, where it |anguished unread for
decades; so for a tinme his evidence with respect to the
particul ate theory of inheritance was much better than anyone
else's -- in both senses. The theory was nore warranted for
him than for anyone else, but his was also the best evidence
in the sense at issue here: i.e., the best indicator of the
likely truth of the theory. It was also, in the relevant
sense, the best evidence with respect to the rival, blending
t heory; to which, however, it was unfavorable.

Again: in 1944 Oswald Avery wasn't ready to say in his
scientific publications, as he suggested in a letter to his
brother, that his experinments indicated that DNA, not protein,
is the genetic material. So for a tinme his evidence wth
respect to the protein-as-genetic-material hypothesis was, in
the sense presently at issue, better than anyone else's: i.e.,
the best indicator of the likely truth of the hypothesis --
but unfavorable. His was also, in the relevant sense, the best

evidence with respect to the rival DNA-as-genetic-materi al

hypot hesis; to which, however, it was favorable. Mich |ater,
however, in his textbook on nolecular biology, Watson would
refer to "Avery's bonbshell,” the "first real proof of the

0

genetic role for nucleic acids";?® and in the Rockefeller
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University calendar for the academc year 2001, beside a
rather charm ng photograph of Avery in a funny hat at
Rockefeller's 1940 Christmas party, the text inforns us that
it was Avery, with his colleagues Colin MacLeod and Maclyn
McCarty, who "showed for the first time that genes are nmade of

DNA. "

-4 --

Warrant, justification, and confirmation

Now | can tackle the question of the relation of warrant
to such other concepts as justification and confirmation.

For a claim to be warranted to sonme degree, | shall
require (not that the evidence indicate that the claimis nore
likely than not, but) only that the evidence indicate that the
claim is non-negligibly likely. The claim that p is well
warranted for an individual if his evidence strongly indicates
that p; the claimis fairly warranted for himif his evidence
fairly strongly indicates that p; it is weakly warranted for
him if his evidence weakly indicates that p; and it is
unwarranted for himif his evidence does not indicate that p -
- whether because it indicates that not-p, or because it is
t oo i npoveri shed even weakly to indicate either p or not-p.

That a claim is highly warranted for a person doesn't
guarantee that he is in good epistem c shape with respect to

that claim A scientist may accept a claim wth greater or
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| esser confidence, as true; or accept its negation, wth
greater or |esser confidence, as true; or give no credence
either to the claimor to its negation. Ideally, he would give
p the degree of credence it deserves. But he may fall short of
this ideal either because p is well-warranted for him but he
gives it too little credence, or because p is poorly warranted
for him but he gives it too nuch credence. These failings may
be described, respectively, as under-belief and over-belief.

Moreover, it may not be the evidence a scientist
possesses that noves him to give a claim whatever degree of
credence he does. He may give sone degree of credence to a
clai m because he is inpressed by the fact that an influentia
figure in his profession has endorsed it, or because he very
much wants things to be as the claimsays, or, etc.. In such a
case | shall say that, even if the claimis warranted for him
he is not justified in giving it the degree of credence he
does. (Note to Karl Popper: justification, in the sense just
explained, is a partly causal notion; and experientia
evidence can contribute to the justification of a person's
belief precisely by contributing causally to his accepting
it.)

At any tinme, sonme scientific clains and theories are well
warranted; others are warranted poorly, if at all; and nany
lie somewhere in between. Sonetinmes several conpeting clains
may all be warranted to sone degree. When no-one has good

enough evidence either way, a claim and its negation may be



33

both wunwarranted; in which case, the best option is --
admtting that at the nonent we just don't know -- to seek out
nore evidence, and to rack our brains for other candidate
hypot heses.

Most scientific clainms and theories start out as informed
but highly specul ative conjectures; some seem for a while to
be close to certain, and then turn out to have been wong
after all; a few seem for a while to be out of the running,
and then turn out to have been right after all. Mny,
eventually, are seen to have been right in part, but also
wrong in part. Some nmutate, shifting in content to stand up to
new evidence in an adapted form Ideally, the degree of
credence given a claim by the relevant scientific sub-
community at a tine -- assum ng we can give sone sense to this
not entirely straightforward idea -- would be appropriately
correlated with the degree of warrant of the claim at that
time. The processes by which a scientific comunity collects,
sifts, and weighs evidence are fallible and inperfect, so the
i deal is by no nmeans al ways achi eved; but they are good enough
that it is a reasonable bet that much of the science in the
text books is right, while only a fraction of today's frontier
science will survive, and nost wll eventually turn out to
have been m staken. Only a reasonable bet, however; all the
stuff in the textbooks was once specul ative frontier science,
and textbook science sonetines turns out to be enbarrassingly

wr ong.
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| shall say that a claim is confirmed when additional
evidence raises its degree of warrant, the degree of confirma-
tion depending on the increment of warrant. Thus construed,
the concept of confirmation is not only distinct from but
pr esupposes, the concepts of warrant and supportiveness. Sone
O d Deferentialists, however, used "confirnm indifferently for
supportiveness, warrant, and confirmation. The confusions such
anbiguities generate linger on in, for exanple, the still-
common idea that evidence already possessed at the tinme a
t heory was proposed cannot support it; which seens plausible
only if supportiveness and confirmation are run together.?

In nmy usage, we can describe evidence as confirmng a
claim (i) when new evidence, i.e., evidence not previously
possessed by anyone, raises its degree of warrant; (ii)
retrospectively, when a claim previously already warranted to
sone degree becane nore warranted when such-and-such then new,
but now famliar, evidence cane in; or (iii) to assess the
degree of warrant of a claim first relative to such-and-such
evi dence, and then relative to that evidence plus additional
evi dence not previously included in the reckoning.

This suggests a way of approaching an old controversy
about whether true predictions are especially confirmatory. On
the one hand, it is certainly inpressive when astrononers
predict that Halley's comet will reappear or that the sun wl

be eclipsed at such and such a future time, and turn out to be
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right. On the other hand, it is certainly puzzling how the
fact that a statenment is about the future, in and of itself,
could endow it with any special epistenological inportance.
The explanation is that, though the intuition that successful
prediction can be strongly confirmatory is correct, the reason
is not sinply that it is a true prediction. Verification of a
prediction derived froma claimis always new evidence, in the
sense required by (i) or (retrospectively) by (ii). However,
new evidence nmay concern past events, and not only future
ones; e.g., if an astronom cal cal culation has the consequence
that there was a solar eclipse at such and such a tinme in
ancient history, and then new evidence is found that in fact
there was, this true "postdiction" confirnms the theory no | ess
than a true prediction would do. Moreover, additional evidence
in the sense of (iii), even if it is not new evidence in the
sense of (i) or (ii), may also be confirmatory.

Thus far, | have said only that confirmatory evidence
raises the degree of warrant of a claim 1In ordinary usage
however, "confirm' 1is quite often wused conparatively, to
indicate that additional evidence warrants p over sone rival
g. W mght say that additional evidence which raises the
degree of warrant of p but lowers the degree of warrant of (¢

“confirms p over g." In ordinary usage, again, "confirnl also
often carries a suggestion that the claim con-firmed is now
not nmerely nore warranted, but firmy warranted. W m ght say

that additional evidence that raises the degree of warrant of
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p beyond sone specified cut - of f poi nt i's "strongly
confirmatory."

You may have noticed that though | have talked in terns
of degrees of credence, degrees of warrant, and degrees of
confirmation, and occasionally of likelihoods, | have thus far

rat her pointedly avoided "probable.” By now, the reason shoul d
be pretty obvious: the classical calculus of probabilities,
originally devised to represent the mathematics of games of
chance, l|ooks |like a poor match for degrees of warrant. It
could hardly constitute a theory of warrant, if this concept
is as subtle and conplex as it seens to be. Nor could it
constitute a calculus of degrees of warrant; for the
probability of p and the probability of not-p nust add up to
1, but if there is insufficient evidence either way, neither a
claim nor its negation nay be warranted to any degree. For
exanpl e, scientists now believe that mad-cow di sease is caused
by prions, protein nolecules abnormally folded up in the
cell;# but neither this claim nor its negation was even
intelligible until the concept of nacronol ecul e was devel oped,
and neither was warranted to any degree until the significance
of the folding of macronol ecul es began to be understood, and
mad- cow di sease was identified.

Nat ural |y, given ny reservations about probabilism
generally, 1 am disinclined towards Bayesianism specifically
(nor have | forgotten that even so determ ned a probabilist as

Carnap warns of the dangers of putting too nuch epistem
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ol ogi cal weight on Bayes' theorem). O course, there's nothing
wong with the theoremitself, qua theorem of the cal cul us of
probabilities; and presumably, when they engage in statistical
reasoni ng, scientists sonmetinmes calculate probabilities in a
Bayesi an way. However, as even the nobst enthusiastic Bayesians
acknow edge, degr ees of credence, construed purely
descriptively, need not satisfy the axioms of the cal cul us of
probabilities; they may not be coherent. And if, as | argued
above, degrees of warrant need not satisfy the axions of that
calculus either, then there is good reason (over and above
fam liar worries about where the priors come from for denying
t hat Bayes' theorem could be an adequate nodel of scientists

readjustments of degrees of warrant in the Ilight of new
evi dence.

—— kkk -

Compl ex and diffuse as it is, evidence is a real con-
straint on science. And though the degree of warrant of a
claim at a tinme depends on the quality of sonme person's or
sone group's evidence at that tine, the quality of evidence is
not subjective or community-relative, but objective.

However, it doesn't follow from the objectivity of
evidential quality that it is transparent to us. In fact,
judgnments of the quality of evidence depend on the background
beliefs of the person neking the judgnment; they are
perspectival. If you and | are working on the sane crossword,

but have filled in the nmuch-intersected 4 down differently, we
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w Il disagree about whether the fact that an entry to 12
across ends in an "F," or the fact that it ends in a "T,"
makes it plausible. If you and | are on the same hiring
commttee, but you believe that handwiting is an indication
of character while |1 think that's all nonsense, we wll
di sagree about whether the fact that a candidate |oops his fs
is relevant to whether he should be hired -- though whether it
is relevant depends on whether it is true that handwiting is
an indication of character.

Quite generally, a person's judgnents of the rel evance of
evi dence, and hence of how conprehensive this evidence is, or
of how well this claim explains those phenonena, and hence of
how supportive it is, are bound to depend on his background
assumptions. If he thinks fur color is Ilikely to wvary
depending on climatic conditions, he will think it relevant to
a generalization about the varieties of bear whether the
evidence includes observations from the Arctic and the
Antarctic; if he thinks the structure as well as the conposi -
tion of a nmolecule determ nes how it functions, he will insist
on asking, as Roger Kornberg reports that with the advent of
structural chem stry nol ecul ar biol ogists began to do, "[h]ow
do you do it with nuts and bolts; how do you do it wth
squares and blocks and the sorts of thing that we know
mol ecul es are made of ?".2° And so on.

When there are serious differences in background beliefs

bet ween one group of scientists and another, there wll be
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di sagreenent even about what evidence is relevant to what, and
about what constitutes an explanation -- disagreenents that
will be resolved only if and when the underlying questions are
resolved (or which may, as Max Pl anck famously observed, | ust
fade away as the supporters of one side to the dispute retire
or die off).? What has been taken for paradigmrelativity of
evidential quality is a kind of epistenological illusion;
again as in the graphology exanple, whether evidence is
rel evant, whether this is a good explanation of that, how
strong or weak this evidence really is, how well or poorly
warranted this claimactually is, is an objective matter.
Sonetimes scientists know that they don't have all the
evidence relevant to a question; and sonetinmes they have a
pretty shrewd idea what the evidence is that they need but
don't have. But sonetinmes, given the evidence they have, they
may be wunable to judge, or may m sjudge, whether or what
addi ti onal evidence is needed. They can't always know what it
is that they don't know, they may not, at a given tinme, even
have the vocabulary to ask the questions answers to which
woul d be relevant evidence. Nor can they always envision
alternative hypotheses which, if they did occur to them would
prompt themto revise their estimtes of the supportiveness of
their evidence. And so on. Since evidential quality is not
transparent, and scientists can only do the best they can do,
a scientist may be reasonable in giving a claim a degree of

credence which is disproportionate to the real, objective
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quality of his evidence, if that real quality is inaccessible

to him Reasonabl eness, so understood, is perspectival.

-— 5 —-=

To illustrate: the evidence for the double helix

Thus far, this has all been quite austerely, not to say
agoni zingly, abstract. To make the picture nore concretely
vivid, | shall look at Watson and Crick's evidence for their
nodel of the structure of DNA; but first let me give a brief
sketch of some Ilandmarks in the history of genetics and
nmol ecul ar bi ol ogy.

When, a century before Watson and Crick's breakthrough,
Darwin proposed the theory of evolution, he inplicitly
accepted a blending theory of inheritance (which in fact posed
difficulties for evolution). Unknown to Darw n, Mendel was
already working out the particulate theory; but Mendelian
genetics were not integrated with the theory of evolution
until the 1930s.

A standard text on the mechanisnms of heredity published
shortly before Watson and Crick's breakthrough, in 1951,
sunmari zes what was then known: that genes are carried in
sperm or eggs or both, since only these bridge the gap between
generations; that generally, within a species, sperm and egg
contribute equally to inheritance of genes; that since, though

the egg has quite a |ot of cytoplasm the spermis al nost al
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nucl eus, the nucleus nust be the essential part of the ganete
for transm ssion of genes; that of the constituents of the
nucl eus, only chromatin material 1is accurately divided at
mtosis and segregated during mturation; that there are
striking parallels between the behavior of genes as seen in
the results of breeding and the behavior of chronosones as
seen under the m croscope; so that "it would appear to be an
i nescapabl e conclusion ... that Mendelian genes are carried in
t he chronmosonmes. "®

The stuff we now know as DNA was discovered in 1869 by
Friedrich Meischer, who called it "nuclein" because it was a
conponent of the cell nucleus distinct from the proteins; he
t hought its chief function was to store phosphorous. By 1889
Ri chard Altmann had succeeded in obtaining nuclein free of
protein, and had suggested the name "nucleic acid."?

In the early twentieth century it was assuned that npst
pol ymeric nmol ecul es were aggregates of nuch small er nol ecul es.
The idea of a macronol ecule, the kind to which we now know DNA
bel ongs -- very long nolecul es held together by coval ent bonds
and conpactly folded in the cell -- was first introduced by
Hermann Staudinger in 1922. It was so controversial that in
1926, when Staudinger presented the idea at the Zurich
Chem cal Soci ety, sever al di stingui shed nmenbers of the

audi ence tried to dissuade him and by the end of the neeting

he was reduced to "shouting 'Hier stehe ich, ich kann nicht

anders' in defiance of his critics."?
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For a good while protein was thought to be the genetic
mat erial. According to the tetranucl eotide hypothesis, usually
attributed to Phoebus Levene,?® DNA was built up of the four
nucl eoti des follow ng each other in a fixed order; and so was
too sinple a nolecule to carry the genetic information (which
was why, in 1944, Avery was reluctant publicly to draw what
now appears to be the obvious conclusion of his work.) But by
1950 the tetranucleotide hypothesis had been ruled out by
Erwin Chargaff's evidence that the four bases in DNA occur in
wi dely varying proportions in yeast, bacteria, ox, sheep, pig,
and man. The specificity that could be carried by different

sequences  of nucl eoti des, Char gaf f realized, is truly
enormous.” And yet there is a remarkable uniformty anong this
diversity -- an alnost exact equivalence in the ratio of
purines to pyrimdines; "whether this is accidental,"” Chargaff
continued, "cannot yet be said."?

By the time Watson and Crick got interested in the
conposition and structure of genes and the transm ssion of
i nherited characteristics, the conjecture that protein is the
genetic material had been ruled out not only by Avery's work
(which showed that bacterial virulence was contained in
nucleic acid rather than protein), but also by Hershey and
Chase's radioactive tracing (which showed that it is not the

protein but the DNA of a bacteriophage that enters the

bacterium and nmultiplies).® In The Double Helix Wtson

descri bes those who still regarded the evidence for DNA over
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pr ot ei ns as i nconcl usi ve as "cant anker ous fool s who

"3l Hence the |laconic

unfailingly backed the wong horses.
openi ng paragraph of the paper on which I shall rely (not the
very short paper in which Watson and Crick first announced
their discovery, but the |onger and nore detailed piece,
publi shed the sanme year, in which they suggested a nechanism

for DNA replication), *

observing that "it would be superfl uous
to discuss the inmportance of DNA."

Perhaps it isn't quite superfluous, however, to slip in a
few words to give you an idea of the scale of the thing. The
measurenments on which Watson and Crick rely are in Angstrom
units, an Angstrom being one ten-billionth of a meter. O if
you prefer, here is John Kendrew witing in inperial feet and
i nperial inches: "AIl the DNA in a single human being woul d
reach right across the solar system" and yet "[s]onehow three
feet of it nust be wapped in a single cell perhaps a
t housandth of an inch across."®

Taking for granted that DNA carries the genetic specific-
ity of viruses and nust therefore be capable of exact self-
replication, Watson and Crick present chem cal and physical-
chem cal evidence indicating that DNA is a long fibrous
nmol ecul e folded up on itself in the cell; evidence that the
fi ber consists of two chains; evidence that its structure is a
double helix of two conplenmentary chains; and a possible

mechani sm by which such a structure could undergo the exact

self-replication required to carry genetic informtion.
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They begin with what is known about the chem cal fornula
of DNA: a very long chain, the backbone of which is nade up of
alternate sugar and phosphate groups, joined together in
regular 3" 5 phosphate di-ester |linkages, with a nitrogenous
base attached to each sugar, usually one of four kinds (the
purines, adenine and guanine; and the pyrimdines, thym ne and
cytosine). The structure is regular in one respect (the
internucl eotide linkages in the backbone), but irregular in
another (the sequence of the different nucleotides in the
bases stacked inside). Physico-chem cal analysis involving
sedi mentation, diffusion, light scattering and viscosity
measurenents indicate that DNA is a very asymetrical
structure approximately 20 A wide and many thousands of
Angstronms long, and relatively rigid. These results are
confirmed by electron mcroscopy, revealing very long thin
fi bers about 15-20 A wi de.

The evidence for two chains comes mainly from X-ray
diffraction work using the sodium salt of DNA extracted from
calf thymus, purified and drawn out into fibers. These
indicate that there are two fornms of DNA: the crystalline A
form and the less ordered paracrystalline B form wth a
hi gher water content. X-ray photography indicates how far
apart the nucleotides are spaced; and the neasured density of
the A form together with the cell dinensions, show that there
must be two nucleotides in each such group, so it is very

likely that the crystall ographic unit consists of two distinct
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pol ynucl eot i de chai ns. Correspondence of measur enent s
i ndicates that the crystallographic unit and the fiber studied
by el ectron m croscopy are the sane.

Al'l this suggests that DNA nust be regular enough to form
a three-dinmensional <crystal, despite the fact that its
conponent chains may have an irregular sequence of purine and
pyrim di ne nucl eotides; and, as it contains two chains, these
must be regularly related to each other. "To account for these
findi ngs" Watson and Crick propose:

a structure in which the two chains are coiled
around a common axis and joi ned together by hydrogen
bonds between the nucleotide bases. Both chains
follow right-handed helices, but the sequences of
the atons in the phosphate-sugar backbones run in
opposite directions and so are related by a dyad
per pendi cular to the helix axis. The phosphates and
sugar groups are on the outside of the helix while
the bases are on the inside. [To fit the nodel to
observations of B-type DNA] our structure has a
nucl eoti de on each chain every 3.4 A in the fiber
direction, and nakes one conplete turn after 10 such

intervals, i.e., after 34 A Qur structure is a
wel | -defined one and all bond distances and angles,
i ncl udi ng van der Waal di st ances, are

stereochem cal |l y accept abl e.
... The bases are perpendicular to the fiber axis and

joined together in pairs ... only certain pairs
will fit into the structure [since] we have assuned
t hat the backbone of each pol ynucl eotide chain is in
the form of a regular helix. Thus, irrespective of
whi ch bases are present, the glucosidic bonds (which
join sugar and base) are arranged in a regular
manner in space. ... The result is that one nenber

of a pair of bases nust always be a purine and the



46

other a pyrimdine, in order to bridge between the

two chains. ... (p.1l25)
Acknow edgi ng that this nmodel has not yet been proven correct,
t hey observe that three kinds of evidence support it: X-ray
evidence of the B form strongly suggests a basically helical
structure, wth a high concentration of atoms on the
circunference of the helix in accordance with a backbone-out
nodel, and indicates that the two polynucleotide chains are
not spaced equally along the axis but are displaced from each
ot her by about 3/8 of the fiber axis (X-ray evidence of the A
form is nore anbiguous); the anomalous titration curves of
undegraded DNA with acids and bases strongly suggests that
hydrogen bond formation is characteristic of the structure;
the anal ytical data show that, though the ratio of adenine to
cytosine can vary, the anount of adenine is close to that of

thym ne, and the anmount of guanine is close to that of

cytosine + 5-methyl cytosine -- Chargaff's rules -- a "very
striking result"” suggesting a structure involving paired
bases.

"We thus believe that the present experinental evidence
justifies the working hypothesis that the essential features
of our nodel are correct ..., " Watson and Crick conclude; and
go on to suggest that, on this assunption, each of the
conplementary DNA chains mght serve as a tenplate for the

formation onto itself of a new conpani on chain.

[ R J——
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Just about all the essential ingredients of ny analysis
of the concepts of evidence and warrant are found in this
exanpl e: degrees of warrant, shifting over time; confirmation,
i ncrement of warrant, as new evidence cones in; the sharing of
evidential resources; positive evidence and negative; observa-
tional evidence and reasons working together; the role of
speci al instrunents and techniques of observation; t he
ram fying structure of evidence; supportiveness, independent
security, and conprehensiveness as determ nants of evidentia
quality; the intimate connection of supportiveness wth
expl anatory integration, and hence its sensitivity to the
identification of kinds.

By the tinme Watson and Crick started their work, they
could take for granted that they were dealing with a Kkind of
nol ecul e (of which there turned out to be two, and by 1980,
when DNA with a left-handed twist -- Z-DNA -- was found,
three, forns);3 of a type, the macronpol ecules, the structures
of which were gradually being solved; and which conforned to
t hese and those known cheni cal categories and | aws.

Wat son and Crick's evidence includes both experinental/-
observational results, and other biological, chemcal, etc.,
presunmed know edge. Their observational evidence relies on all
kinds of <conplicated techniques and equipnment (electron
m croscopy, X-ray crystallography, procedures for extracting
and purifying the material wunder investigation, titration,

sedi mentation, etc., etc.). The reliability of these depends,
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in turn, on other background theory and other observational
evi dence.

Much of their evidence is drawn fromthe work of others -
- Franklin's X-ray photography, Chargaff's rules, etc., etc.
In the notes to the paper on which | am focussing 23 other
papers are cited; but this is only the tip of an enornous
i ceberg, for Crick and Watson al so depend inplicitly on a vast
body of what could by that tinme be sinply taken for granted as
background know edge.

Because its presentation in speech or witing is of
necessity linear, it can seem that the structure of evidence
must |ikewi se be chain-like. But the case at hand shows how
far this is from the truth. The evidence Watson and Crick
present, and the background know edge they take for granted,
cannot plausibly be construed in any sinple linear form It is
a matter, rather, of ramfying clusters of evidence: the
crossword analogy conmes not only to ny mnd, but also,
i ndependently, to Paul Meehl's* -- indeed, given Crick and
Wat son's puzzling over A (adenine), G (guanine), T (thym ne),
and C (cytosine), the analogy is just about irresistible.

There is mutual support: of the double-helical nodel by
its ability to explain self-replication of the gene, of the
expl anation of self-replication by the nodel; of the nodel by
its consonance wth Chargaff's rules, of the biologica
significance of those rules by their consonance wth the

nodel ; of the interpretation of those X-ray photographs as
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suggesting a double helix by theoretical crystallographic
consi derations, of the significance of those techni ques by the
expl anat ory power of the double-helical nodel; and so forth.
There is a pervasive interdependence of perceptual evidence
and background know edge: of patterns observed in X-ray
phot ographs and theoretical consi derations about X-ray
crystal |l ography, and so on.

Watson and Crick rule out this or that hypothesis as
inconsistent with what is (they think, reliably enough) known;
as Crick was later to observe, solving a problem of any
conplexity requires a whole sequence of steps, and since any
false nmove nmay put one on entirely the wong track, "it is
extrenely inportant not to be trapped by one's mstaken
i deas. "% And as new evi dence cones in they assess and reassess
the likelihood that their model is correct, much as one m ght
assess the reasonabl eness of a crossword entry: given these
and those conpleted entries, given that they seem to be
sufficiently warranted, this conjecture about the solution to
5 down can be ruled out, that one | ooks Ilikelier.

They argue for the consistency of their hypothesis wth
what is al ready known/observed; and for its ability to suggest
t he mechani sm whereby a phenomenon known to occur could take
pl ace. They allude to grounds for believing in the reliability
of the techniques on which they depend; and they point to
addi ti onal evidence which, were it obtained, would raise or

| ower the likelihood that their hypotheses are true.
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Wat son and Crick express considerable but not perfect
confidence in their structure for DNA, less in their proposed
duplication schene. Already by the time of the |onger paper
cited here they are nore confident of their double-helical
structure than they had been in the briefer papers earlier the
sane year -- nore evidence had already cone in. The relatively
| ower degree of warrant of their account of the duplication of

DNA is due to difficulties which they can only hope are "not
i nsuperable.” In fact, it was not until the early 1980s, when
the rival hypothesis of side-by-side chains, which made the
probl em of how the two chai ns separated seem easier, was rul ed
out, that the double-helical structure of DNA was, as Crick

wites, "finally confirmed. "

-— 6 --

Black ravens, red herrings, grue emeralds, and all that

Conmpared with real-life evidence for real-life scientific

claims, the old preoccupation with "this is a raven and this

is black,” and its relation to "all ravens are black," |ooks
astonishingly sinmple and one-dinensional. Still, you may
wonder if | have anything hel pful to say about black ravens,

red herrings, grue eneralds, and all that; and you deserve an
answer . In brief: such puzzles are artifacts of the
sinplified, narromy | ogical conceptions of evidence, warrant,

and confirmation agai nst which | have been arguing all al ong.
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The "raven paradox," renmenber, is that it follows from
apparently obvious assunptions that "y is non-black and y is a

non-raven," just like "x is a raven and x is black," supports

"all ravens are black." Henpel's solution is that this result
only seens counter-intuitive because we inadvertently snuggle
in the background information that there are many nore non-

bl ack things than non-ravens. Goodman agrees; and points out

that if it were all the evidence, "this is non-black and a
non-raven” would confirm "all non-black things are non-
ravens,” and even "nothing is either black or a raven," as
well as "all ravens are black.” And so, he continues, "it is

no longer surprising that under the artificial restrictions of
t he exanple, the hypothesis that all ravens are black is also

confirnmed. "3

By ny lights, however, the exanple is far nore
artificial even than Goodman and Henpel acknow edge.

Henpel treats the relation of "this is black and a raven”
and "that is non-black and a non-raven" to "all ravens are
bl ack™ as on a par with the relation of "John is in this room
and wearing a red shirt" and "Jack is not wearing a red shirt

and not in this room to "all the people in this room are
wearing red shirts.” But though from a narrowy |ogica
perspective they are precisely parallel, froma worldly point
of view they diverge considerably. And it is only if we |ook
exclusively to the logical form of statenments, and not to the

substantial content of predicates, that it wll seem that

"this is a raven and bl ack" and "that is non-black and a non-
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raven” must be equally supportive of "all ravens are black";
and only if we | ook exclusively to the logical form of state-
ments, and not to the substantial content of predicates, that
it will seem to make sense to imagine soneone's having just
the evidence that this is a raven and bl ack, or that non-bl ack
and a non-raven.

Actually, it seenms close to tautologous that ravens are
bl ack. Webster's defines a raven as a glossy black corvine

bird ("corvine" neaning of the <crow famly"); and we
routinely identify birds as ravens in part on the basis of
their color. Only "close to tautologous”: ny bird book
descri bes the Chi huahuan raven as having a thin band of white
feathers at its neck; and ornithologists m ght yet discover a
related variety otherwise just like famliar ravens, but of a
different color. But the nore inportant point is that "raven"
is no sinple observational term but a kind predicate; and
that even in what seens |ike the sinplest case of support of a
scientific generalization by observed instances, Ilaws and
kinds are inplicitly invol ved.

We know that in some species of bird many color-schenes
are found; that in some there are differences of color between
mal es and fenmales; that in sone there are differently colored
varieties in different climtic zones, or seasonal changes of
pl umage; and that there are occasional albinos. The class of

all ravens being, though no doubt finite, unsurveyable, we

have to figure out -- checking nales and fenales, tenperate
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and non-tenperate varieties, sumer and w nter plumge, and
what ever else we think may be relevant -- what knot of
properties holds of all things of the kind, and what proper-
ties hold of only sonme, and which, and why. That's why we are
concerned with variation of instances (as with Chargaff's work
on DNA); that's why we are nore interested in a black female
raven than yet another black male, in a black raven from the
Arctic than yet another black raven froma tenperate zone, and
in a black swan or a blue parrot than a white shoe or a red
herring.
—— kkk -

Goodman's puzzle is called the "new riddle of induction”
because it relocates Hune's old problem since not all but
only some predicates are inductively projectible, we should
ask, not how we can know that unobserved instances wll be
i ke observed instances, but which predicates are projectible,
and why -- why, in particular, "green" but not "grue." "Gue,"
as Goodman characterizes it, "applies to all things exam ned
before t just in case they are green but to other things just
in case they are blue."* The paradox is that at t the
hypothesis that all enmeralds are grue, which predicts that
eneral ds subsequently examned wll be blue, is as well
supported as the hypothesis that all emeralds are green, which
predicts that eneralds subsequently exam ned will be green.

Froma narrowy | ogical point of view, the relation of "all so

far observed eneralds have been green" to "all eneralds are
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green” is the same as the relation of all so far observed

eneral ds have been grue" to "all enmeralds are grue." But
t hough he thinks we can deal with the raven paradox formally,
Goodman acknow edges that the difference between "green" and
"grue" is not narrowy | ogical

According to Goodman, the relevant difference between
"green"” and "grue" nust be socio-historical: only predicates
entrenched in scientific usage are projectible. This sounds as
if it would inpose a crippling conceptual conservatism on the
scientific enterprise. According to Quine, the relevant
difference is in a broad sense semantic, to do wth the
extension of the term only natural-kind predicates are
projectible.* This sounds as if it relies on the strange idea
that green things -- grass, zucchini, kiw fruit, certain
Chrysler vehicles, many | awn-mwers, a few of the shirts in ny
war dr obe, etc., etc. -- constitute a natural kind. But there
is an element of truth in Goodman's answer which, properly
understood, can be conmbined with an element of truth in
Quine's to yield a nore plausible solution: entrenchnment in
t he | anguage of science is not a sinple historico-sociol ogical
accident, but an indication (albeit, of course, a fallible
indication) of the intermeshing of evidence and of the
intimate relation to the world to which scientific |anguage
aspires.

As earlier | set aside the problemthat "black" occurs in

Webster's definition of "raven," so now | will set aside the
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problem that Wbster's definition of "enmerald" is "a rich
green variety of beryl"* (and that "emerald," like "raven," is
sonetimes used as an adjective of color). The grue hypothesis
doesn't entail that any enerald will change color; but it does
entail that any enmerald first examned after t will be blue
and not green. On the conveyor belt com ng out of the deep,
dark mne, the emeralds that enmerge before t are green, while
those enmerging after that time will be blue; the new bl ades of
grass first visible in the lawn the day after t, unlike the
old, green blades still there from the day before, wll be
bl ue; and so on.

The evidence we have about the color of eneralds is not
sinply that all so far observed eneralds have been green and
that all so-far observed eneral ds have been grue (which nakes
about as much sense as the idea that "this is black and this
is a raven" mght be all the evidence we have relevant to the
color of ravens); it is a whole nmesh of evidence about the
conposition of genstones, the optics of color perception,
etc., etc.. None of this evidence offers any encouragenent to
the idea that m neral conposition, or optical |aws, or, etc.
m ght be different at different times; nor, therefore, to the
idea that enmeralds first examned after sone future tinme t
will be blue. And all this is itself part of a nmuch |arger
clunmp of crossword entries; for the new riddle of induction
isn't just about grue eneralds, but also about blite ravens,

whack pol ar bears, etc., etc..
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But couldn't there be a language in which "grue" and
"bl een” were primtive, and "green" and blue" defined? And if
we used such a |anguage, wouldn't all our evidence speak the
other way? If you think in narrowmy Jlogical terms, the
possibility of such a | anguage seens undeni abl e. But how coul d
such a | anguage be |earned? W understand "grue" because we
understand "green" and "first exam ned before t"; and we
understand "green" because our visual apparatus is sensitive
to |ight of such-and-such wavel ength.* So we can be trained to
use "green" in the presence of eneralds, grass, zucchini, kiw
fruit, etc.. It is not clear to nme, however, that we could
| earn "grue" and "bleen" from scratch.

Still, suppose for the sake of argunment that we could
and that a grulor-vocabulary, with "grue" and "bleen"
primtive and "green" and "blue" defined by reference to a
time t before now -- say, the beginning of 2000 -- had been
entrenched. By now, presunmnably, scientists would have noticed
that new bl ades of grass are comng up bleen, not grue, and
that the sapphires now comng out of the mne are grue, not
bl een; and so, presumably, would have begun to suspect that
sonething was badly wong with their physics of color (or
grulor) and their optics of color- (or grulor-) perception.

In short: the "grue" paradox confirms that, as | argued
earlier, supportiveness of evidence is not a purely formal
matter, but depends on the substantial content of predicates,

their place in the nmesh of background beliefs, and their
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relation to the world. —— kkk

Grue enmeralds and red herrings haven't pl ayed a
significant role in encouraging the New Cynics' disenchantment
with the ideas of evi dence, war r ant, etc.; but t he
underdeterm nation thesis has not only encouraged constructive
enpiricism and other kinds of non-realism in minstream
phi | osophy of science, but also played a very significant role
in the New Cynicism It is cited by Feyerabend on the |eft
wing of philosophy of science, by Longino and Nelson in
fem nist science criticism by Bloor and Collins in sociology
of science -- all of whom wth nany others, take it as a
radical threat to the objectivity of evidential quality,
warrant, etc..

Soneti nes, it seens, cynics sinply invoke Quine's
authority in support of the idea that when the evidence
available at a given tinme is insufficient to decide between
rival theories, it is OK to decide on political grounds which
to accept. But since Quine's thesis is presunmably focussed on
the strictly theoretical, political considerations seem sinmly
out of place. |Is quark theory or kwark theory politically nore
progressive? -- the question makes no sense. Beyond this,
however, there are difficulties about just what thesis, or
t heses, "underdeterm nation" refers to, and what the grounds
are for believing it, or them to be true.

Di stingui shing several variants, Larry Laudan argues in
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effect that "underdeterm nation” runs together clainms which
are true but not radical (e.g., "theories are not logically
inplied by their positive instances"), with clainms which are
radi cal but not true (e.g., "every theory is as well supported
by the evidence as any of its rivals").* Though | would take
i ssue on nmany details, and urge a subtler term nology than his
"confirmed by positive instances,"” etc., Laudan's strategy has
merit. The fornula, "theories are underdeterm ned by the
data," gestures vaguely towards a whole wunruly famly of
theses: theories are never conclusively verified or falsified,
or, theories are never better or worse warranted; for any
t heory and any evidence, there is always an equally warranted
rival theory, or, all theories are equally warranted; theories
are underdeterm ned by all available data, or, by all possible
data; by observation statenments, or, by evidence in a broader
sense; etc.. Perhaps underdeterm nation is true but not
radi cal when "data" and "underdeterm nation" are interpreted
narrowly, radical but not true when they are interpreted
broadly.

Taking all the possible pernmutations and conbinations in
turn would be a Herculean task; | shall focus here on the
interpretation whi ch equat es under det erm nati on with
"enpirical equivalence": the thesis that, for any scientific
theory, there is another which is enpirically equivalent to,
but inconmpatible with, the first. Two theories are enpirically

equi valent, Quine tells us, just in case they entail the sane
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set of "observation conditionals,” i.e., statenments the
ant ecedents of which specify spatio-tenporal co-ordinates and
the consequents of which apply sonme observational predicate.
Two theories are inconpatible just in case, for sonme statenment
which follows from one, either its negation or sonme statenent
which translates into its negation follows from the other. As
this reveals, for the enpirical equivalence thesis even to be
statable requires a way of di stingui shing inconpatible
theories with the sane enpirical consequences from notationa
variants of one and the sanme theory, and a way of identifying
the class of observation statenments constituting the enpirical
consequences of a theory. The first of these requires robust
notions of neaning and translation; for, as Quine acknow -
edges, what | ook like enmpirically equivalent but inconpatible
theories may really be only verbal variants of one another.
The second requires a clean distinction of observational and
t heoretical predicates.

But Quine is officially conmmtted to denying both these
presuppositions! (So perhaps it's no wonder that the nore
precisely he fornulates the enpirical equival ence thesis, the
nore he seens to hedge his commtment to it.) Quine's
skepticism about the intensional and his thesis of the
i ndet er m nacy of transl ati on under nm nes t he first
pr esupposition; and his conmtnent to the idea that
observationality is a matter of degree underm nes the second.

If Qine is right to reject either or both of those
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presuppositions, the enpirical equi val ence thesis 1is in
troubl e.

Quite apart from Quine's views about meani ng and
translation, it is doubtful, to say the least, that it is
feasible to give clear criteria for identifying and individu-
ating scientific theories. The reality seenms to be rather
that, under a single rubric such as "theory of evolution,"
famliar terns may take on additional |ayers of meaning and
shed sonme old connotations, new clains my be added and old
claims dropped. But | shall concentrate on the second
presupposition, the observational/theoretical distinction.

When he is giving the enpirical equivalence thesis its
nost explicit articul ation, in "Enmpirically Equi val ent
Theories of the Wbrld," Quine suggests that those predicates
are observational that can be | earned ostensively. But this is
seriously to backslide fromthe far nore sophisticated account

he had given in Wrd and Object, where he had treated observ-

ationality as a matter of degree, and ostensive and verbal
learning as intertwined. And this conception of |anguage-
learning (to which the account | spelled out earlier in
explaining the relevance of experience to warrant is quite
akin)* is far superior to the crudely dichotonmus account to
which Quine resorts when his back is against the wall. It
plainly inplies, however, that there is no cleanly identifi-
able class of observation statenents or observati onal

predi cates. And unless there is such a class, the enpirical
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equi val ence thesis is not even statable, and a fortiori not

true (though not false, either).
As that parenthetical caveat i ndi cat es, I am not
proposing an "enpirical inequival ence" thesis, but repudiating

the terms in which Quine's thesis is stated. At any tine,

there will be many questions which the avail able evidence is
quite inadequate to settle. Some, at least, will get settled
when new evidence -- the nature of which we nay not yet even
be able to imagine -- comes in. For exanple, not long after

Henri Poincare had witten that, while Fresnel believed that
vibration is perpendicular to the plane of polarization, and
Neumann believed it was parallel, "we have |ooked for a | ong
time for a crucial experiment that would decide between these
two theories, and have not been able to find it,"* the
guestion was settled by a experinent of Heinrich Hertz.
Nevertheless, as in a real crossword there m ght be different
words fitting the clue and all the letters determ ned by
intersecting entries, so there my be scientific questions
whi ch could never be settled however long scientific inquiry
continued. There is no guarantee that even the best evidence
we could have would | eave no gaps or irresoluble anbiguities.
In that case, the npbst that we could find out by inquiry is
that either p or qg. But this (like the acknow edgnent,
earlier, that absolutely decisive falsification is as el usive
as absolutely decisive verification) is only to recogni ze the

i nperfection of our epistem c condition.
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And, in conclusion

This is still quite far froma fully detailed account of
the nature and structure of scientific evidence and of what
makes it stronger or weaker -- nore like a prelimnary
anal ysis of the chem cal conposition of those concepts than
the detailed account of their nolecular structure | would
ideally like. How, nore specifically, do observation and back-
ground beliefs work together? Wat, nore specifically, is
involved in such concepts as explanatory integration and
kinds, to which | have thus far sinply helped nyself? What
does my long story about evidence and warrant have to do with
the truth of scientific clains, or with progress in science?
And -- the question | shall tackle next -- what does any of
this have to do with the traditional preoccupation wth

"scientific nethod"?
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41. A point due to Judith Thonpson. reference??

42. \Wile the human sensory system perceives intensity of
| i ght continuously, it breaks continuously varying wavel engt hs
of light into the nore or |ess discrete units of the color
spectrum and though color vocabularies differ from | anguage
to | anguage, they do so, not at random but in up to eleven
basic color wunits in a particular order. | rely here on

W | son, Consilience, pp.1l61-5. He refers to papers by Denis
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