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257 INTRODUCTION
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263 For better or worse (the former in my view), the development of science

has had an overwhelming impact on our culture. At the practical level this is

obvious enough—space probes, television, personal computers, . . . Add your

own favourites to the list. Although some items on the extended list will

seem to many mixed blessings at best, even the most technophobic would
| be hard-pressed to deny that the human condition has been improved by,
¢ for example, the increased diagnostic precision afforded by such techniques as
& computer-assisted tomography or the humbler (only because older) X-ray
& photograph.

The intellectual impact of the development of science may be less tangible,
but is surely of at least equal importance. The modernist, Enlightenment view
was that the development of modern science had freed humans from supersti-
tion and myth showing them that—amazingly enough—they can discover the
innermost secrets of the workings of the universe if they use their intellects
appropriately, that is, rationally or scientifically. Everyone knows Alexander
‘Pope’s couplet reflecting the eighteenth-century view:

Nature and Nature's laws lay hid in night,
God said T.et Newton be!” and all was light.

But there lies the, more recent, rub. For almost everyone knows Sir John
Squire’s twentieth-century rejoinder:

“T'was not to last, for Devil howling ‘Ho,
Let Einstein be!” restored the status quo.

exactly can the idea of science as the bastion of objectivity and ration-
S Withstand the impact of the great ‘scientific revolutions” brought about,
Sample, by relativity theory and (perhaps more fundamentally still) by
St theory? Why do such apparently radical changes in theory occur? Is it
s dictated by accumulating observational evidence? If so, according to
Tecise logic of evidence? If not, if some of the ‘reasons’ are subjective or
What differentiates science from other bodies of theoretical claims often
- of as altogether Jess firmly grounded (such as religious or pseudo-
g 4ms)? And what exactly do such revolutionary changes in theory
;::;:jliplrfimlc starus.nf Ipresenl:iy au{cepl‘ec‘i theories in scim‘we? Do
‘“Pproxim;\t,: Utt t]hti scient ific realist view of acFepted theories as—
Ein the » —truths? A nmeteenth-centu'ry realist would l?ave .advo-
aCCepEt)EcrlO)t(}llmat-e truth of tbe theories then accepFed in science.
Catlier oee, (. €ories seem—in f.undamentals—radmally at odds
- 1or example, Newtonian theory states that the planets
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are kept in their (roughly)
forces, yet relativity theory explicitly rejects ac
the planets’ orbits 10 their following geodesics in
Many of the presently central issues in what might be called general philoso-
phy of science concern its ‘three Rs’: rationality, realism, and revolution. Some
of these issues are outlined in Section 1, which includes a brief account of
Kuhn's highly influe ntial views, and an outline and critical examination of what
ently the most popular and certainly best-developed fornml account of
Bayesianism’. (On a number of issues in Section 1, [
e treatments given by David Papineau in his chap-
ysophy of Science’ in the eatlier

a-distance gravitational

elliptical paths by action-at-
_distance and attributes

tion-at-a
(curved) spacetime.

is curr
rational belief, ‘personalist

presuppose-—and extend—th

ter ‘Methodology: The Elements of the Philc

companion volume to this book.)

One recent trend in philosophy © n part to Kuhn's
influenc d the naturalistic view that philosophy of science

e—has been towar

consists simply of descriptions of the way that mature sciences operate. In|
Section 2, | outline some of these approaches and raise the question whether
naturalized philosophy of science can retain normative force or instead must
sacrifice the implication that science is genuinely epistemically special.

While there may be reasons to resist the idea that philosophy of science i§
itself at bottom a science, there can be no doubt that many of its most inter-
esting problems arise in close association with science. Section 3 contains ais
account of some of these problems: oneé arising from qu
couple from evolutionary biology. These problems are more O
selected in an attempt to give some flavour of that important part o
phy of science concerned, in effect, with analysing and clarifying t

implications and presuppositions of current scientific theories.

f science—itself due i

f philo

he logi

1. RATIONALITY, REVOLUTION,
AND REALISM

1.1. Radical Theory Change in Science

universal gravitation) is logically 1P
vity. The former entails that the HEg
hat two events simultaneous in ON
ery body acts at @

(of mechanics plus

Newton's theory
heory of relati

tent with Einstein's t
is infinite; that time is absolute (so t

of reference are simultaneous in all); that ev '
d that the inertial mass of a given body 18 =

every other body; an : il
Lindependent) constant. Relativity theory contradicts each of these en
according to it, the universe may be finite (though unbouncflﬂd)? Y’ §
ially separated events simultaneous relative to 0n¢ frame of refere?
simultaneous relative to another frame moving with respect to the

antum physics and @
less randomlyl
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no action-at-a-distance; i i
oy ‘;‘1 a ::ldmanct, and the inertial mass of a body increases with its vel
" - el na s veloc-
v el own towards the empirically testable consequences of the
o [hL. 1 c;o.nsqutcm.y reaches is an issue to which we shall need to retur
o . ‘ ) return,
ey m)r? {0} m?damemal theory there is simply outright contradiction
s is no isolated case. Consider, for |
: der, for example, the history of optics: i
el 6 x _ ! story of optics: in the
i namland{(I:‘lg:teenthhu_nturu:s the most popular theory ofpthe funda
; e of light was that it consist i i "
. sists of tiny material particles; i
B st sl rial particles; in the earl
e ;,f‘l;l[].ll?’ this \;as displaced by the theory that light consists no‘t {J);
1otion—of periodic motions ( "
| ytions (waves) transmitted thr
B e sttt _ s ed through an all-
pe » dﬁclastlc;nu*hum, in the late nineteenth century this theory w?s in t:
i t T , : St s irn
m{;(:lmm l);m Ec aim that light consists of vibrations carried, not by a material
L s 2 <
i ‘;,“ }; andlmmateual electromagnetic field; and finally (so far!) this
. as re ; i i or vi
: 3{ placed by the claim that light consists of photons obeyi
entirely new quantum mechanics. eying an
Whether s iscontinuities i
- qc1 such clllm ontinuities are quite as sharp as they have sometimes beer
0 seem, ethe . : :
S th;lzle WIh{:ter thc{y pose as severe a threat as is often imagined to
_ velopment of science is a rati
: . : a rational process, are sti
e sope . ss, are questions that
o Q t}‘]e L}iiscusud. but the fact that at the level of fundamental theory i
e such changes have occurred is surely undeniable e

2. T ’
he Impact of Kuhn's The Structure of Scientific Revolutions

though Karl P izi

B e e e weeThomas ubots 96 bk

g for : ,it was Thomas Kuhn's 1062 b
& 'stag:: ior): s}c:i(iztslfc }Ilievoflut@ns that reall)y brought radical theory c9hang221;
e th}jmypo sc1?nce. Kuhn s views seemed more challenging
U aop(f}e;r s. But just what those views are was an imme-
B encour}; nd bas r(?malned so ever since. Some of those influ-
3 tond breakdowng(; ; y his ta.lk Qf ‘incommensurability’ involving
o o com’rnur%@atlon between scientists in different
iy nary’ revisions of even the evidential basis of sci-
B anging as the dominant paradigm does, have seen
g the idea that theory change in science is a rational

not bec0m : .

. ande ;:lggl&d in 'Kuhnian exegesis here: those who wish to
3 diSh-Souncling e me reinterpretations (or clarifications?) of Kuhn's
RCentuate (what | ke tz c;m find ref(?.r.ences in the bibliography. I shall

and correct in Koy e) the positive. I first explain what seems to
0 the ides of al's account and then try to clarify the sharpest
scientific rationality that these correct and valugble
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1.2.1. Paradigms versus Theories

that science and its development cannot be analysed satisfactorily
the unit of scientific commitment is not the theory
otoriously unclear term (a fact that has assisted its

or abuse). The main significance of Kuhn's idea is
dealized example from the

Kuhn insisted
in terms of single theories:
but the ‘paradigm’. Thisisan
subsequent widespread use—
best explained through a simplified and somewhat i
history of science.
The predominant
was that it consists of tiny ma

view about the nature of light in the eighteenth century
terial particles; these are emitted from sources,
such as the sun, and follow paths that are, like those of all other particles,
governed by Newton's laws. In particular they travel in straight lines (at
constant velocity) unless acted upon by a net external force; and conversely,
ver the particles are bent out of their rectilinear trajectories (as they are,
from a mirror or when refracted on entering a
), there must be some force thataccounts for this

whene
for example, when reflected

transparent medium like water
bending.

Two features should be noted. First, this 18
order to make detailed contact with empirical phenomena it must be aug

mented with specific assumptions both about the light-particles themselves
(what is it, for example, that differentiates those particles that produce the sens

sation of blue light from those that produce the sensa
rances (how exactly do the

the forces acting upon them in particular circums
‘reflecting force’ and the ‘refractive force’ act, at
Secondly, this process of producing specific theories

work supplied by the basic ideas is not a shot in the d
consist of a series of ‘bold conjectures’. [nstead the sorts of particular assum

tion that might work are indicated by the general framework itself, in conjun

tion with 'background knowledge’. The gcneral idea was to ‘reduce” opth
rticle mechanics had, through the work of Newton

become a highly developed field. Various sOrtS of ¢

date for the differentiating features of the light-particlcs were 44
available—blue-making particles might, for example, have a different masss
red-making ones, or perhaps a different velocity; and work in other fi€
plied ideas about the sorts of force that might do the job in opHcs: Mo
the fact that particle mechanics was already a mathematically highly €€
theory meant that any specific theory developed within the fra
be mathematically tractable—that is, scientists would be able t© de
consequences it has at the empirical level.

What existed, then, in the cighteenth century wa
light, but a general underlying idea (light is some sort of partic
sorts of force) together with a set of ideas for identifying the

a very general set of ideas—in

withir

particle mechanics. Pa
his successors, already

le a
pai‘ti

tion of red?) and about

d how do they interactih
) the general frames
ark—the process does not

Philosophy and the Natural Sciences 2
03

article an i
Ey ity d th(? particular sorts of force these might be—a set of ideas ided
us s i rovi
R ol (;llelgtlﬁc successes. The problem was to construct speci%c thee
omplicd by the COaccount for tbe phenomena within the general framewosl;
ized chiefly by a gzpusallle}tlr optics “paradigm’. Paradigms, then, are character
neral theory and a set of id - )
theory into i : . ideas for developing that
nome};la o S}FeClﬁfc theories that will capture and explain 'cI})le grelevaifrg}:al
. Kuhn refers to this set of i ' €
g - ideas as und iti ‘
tradition’, previ erwriting a ‘puzzle-solvi
| ments Altﬁoiqﬁuls( S]:c’cesses often supplying ‘exemplars’ for Ifater deve‘{:)ng
. ugh Kuhn's detailed development of this view—especiall hp
|I chaIi)len ed (I; lgartmu.l able skills, ‘disciplinary matrices’, and the lﬂze——c;;l bls
e dgirecti cl)ln c;rtal.nly stands in need of clarification), he was surely pointine
T (1’( G 1mP<})1r}tlant and then relatively neglected aspect of mat s
. akatos, with his notion of -
B o g a research pro ]
ositive he : programme complete
'tfoth laterL:::c:lsscl" a?ld }I;arry Laudan, with his notion of a 1'e-;earch];::radi¥c1)il
rlined this same point in sli i ‘ ’
s i
sharper) ways. P lightly different (and considerably

1.2.2. Anomalies versus Experimental Refutations

Some phenome i
pusculzr - ;2::;;6 riogmzed as pre§enting special problems for the cor-
s agcxlliq as especially difficult for any specific theory devel-
U beﬁm t(; 1c'aptu.re. .Or‘le such phenomenon was that of
T —— ril of light in air is incident on the surface of some
e rr,mterig1 ass l?r water, then in general only part of the light is
- il roa ,hvs(/:1 .1le the rest is reflected back into the air. The
R o rgfp;aciicon' éctated a (repuléive) force of reflection and an
B e articles aét ljlt why, as partial reflection seemed to indicate,
Rt | o e s o ed on by the .reﬂective force and others by the
B i, e Kuhls vra's an .expenrnental anomaly for the corpuscu-
Bded, o tene 1oty a5 n cbzilms is generally true, the anomaly was re-
| — ,Or 2 problem to be solved within the paradigm rather
ason to reject (or even seriously to question) the

1t is recogni i

O1ks by thfnalggii illa;c) fszeaﬁc theories are generated within general
S etailed assumptions, the whole debate about

e o s (see Lakatos and Musgrave 1970) is remarkabl
- ines hthere is a set of detailed assumptions that 1};
0 Successfol Wi}t'h Sp;er aps because the specific theory based on therrl
inconsistent ot $e other phenomena—and that specific theory is
B). Sometiroes ; }? anomalous phenomenon (or rather with its
Bhenomens oy iPelil aps more often) specific theories for a certain
n the process of construction—that is, no particular
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more detailed assumptions recommends itself; but it is clear
difficulty for that construction

nalous phenomenon is going tobe a special
r straightforward detailed assumptions suggested
duce overall theories inconsistent with the

d class that, for example, partial reflec-

204
that the

set of
anot
because any of the obvious 0
by the framework would pro

phenomenon at issue. It is into this secon

tion falls.
Neither kind of anomaly, of course, yield
amework theory. wWhen, for example, the

of what happens when light passes the edge of an op
tilinear path) turne

proceeds undisturbed in its rec
with the phenomenon of ‘straight-edge diffraction’, corpuscularists simply
assumed that there must be a diffracting force (in addition to the already
assumed reflective and refractive forces) and proceeded to uy to pin down the
features of that diffracting force. Kuhn's point about anomalies of this first kind
amounts in effect just to the one made long ago by Duhem (1906): deductive
logic does not require giving up the general theory underlying the framework
in such a case, but only giving up either that theory or one of the erstwhile pre-
ferred specific assumptions. If some observational statement O follows not
y from T&S (where 818

from T (the ‘general framework’ theory) alone but onl
some set of more detailed assumptions couched within that same framework

but not essential to it) then, should O turn out to be false empirically, it follows
only that so also must be either T or at least one of the particular assumptions

s any direct reason 0 give up the
initial corpuscular account
aque object (namely thatit

general fr
d out to be inconsistent

in§.
There is no general reason why

situation and therefore identify the pro
“faulty’ detailed assumption. On the contrary, there is g0
at least as the initial move. The general theory T underpins a who _
15 in Kuhn's terms a ‘puzzle-solving tradition’; hence retaiss
framework that at least to some degree guides the €on
fic theories. The scientist who sees straight-€dE
ed within the corpuscular optics appre
h is simply obliged t0 &
pass the edge 0F OF
force'—one that®
ne ass

a scientist should not hold o

blem as that of finding an
od reason L0

optics—it sustail
T means retaining a
struction of replacement speci
diffraction as a ‘puzzle’ to be solv
rather than as a reason to reject the whole approac
the idea that no force affects the light-particles as they
bodies, and is pointed towards postulating ‘diffracting
attractive at some distances and repulsive at others. Once SOt

about the forces is made, the existing mathematics of particle ;_necl‘{ :
mits the deduction of Jogical consequences. A scientist who might! ,
inclined to reject T on account of this phenomenon would be Jeft—at

initially—in an intellectual vacuum.
The second type of anomaly (exemplified in the historical €as¢ Jerling
eration by partial reflection) SErves, albeit more indirectly: t"l‘nn_
same methodological lesson. Such an anomaly provides 2 pore

nto T insuch@
d replacing the
retain Ty
Je approachta
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roblem’ rath i
EV b ((:,r ;han a real one: if any set of available detailed assumptions
oo o the gerllleral corpuscular view, this would produce a specific
consistent with the facts abo i i
: ut partial reflection, but th in thi
e : , but there was in this
caseno W};eOIdent rbeiason.to prefer any particular set of such detailed assump-
Sped.ﬁc - e ggo em right from the start in such a case was to articulate a
ks e'(n{g (add a set of detailed assumptions to the core view) that would
e yltyle the phenomenon at issue. Partial reflection was an ‘anomaly’
e 1 i
i was clf:ar Fhat no set of straightforward assumptions was goin t}z)
T tcaif.tur1r}11§._'; it. Again it is no wonder that the option of retaining T%vas
3 : taking that option constrains th
: e problem and makes i
T : on co : akes it manageable.
- irly 1obv10us suggestion (investigated by Newton himself) was to ggive
e idea i izafi »
o t(ﬁ Wzys clﬁarlyhan idealization) that the light consists of point particleI:
y the idea that they might, as bodi i
, odies of finite extensi i
i : I ) ion, have different
gnepgide Oro‘g c}1f’ferent sides’ (so that the particles arriving at the interface with
s ole’ uppermost might be, sa i
! , say, reflected, while tho ivi
- ERup) : : , se arriving ther
the other “pole’ uppermost might be refracted into the glass) i )

1.2.3. Revolutions and Reason

A particular field is, o ’ isi
e renotely lansble gensral amework thory avalable and snormsis
g ooty k theory available and anomalies
B e 1?; i (izlnii p(;cl):fircl)nrsl fzrst}tlﬁ paradlgm to solve rather than as bring-
R ool Lo ques - As the terminology suggests, this is—in his
e a scientific field (at any rate once that field h
i ty”). Kuhn seems now to h initj i
B o ooty v 1 ave accepted that he initially overdid
- ayr ; 1ew—ail1 though. most eighteenth-century scientists
B e oot e];‘;ptro;c 1 to optics there were always significant dis-
e Cgiencé)ﬁ;lo fr). Morleover, Fhere are at least some fields
i :xam;? e, various fields in contemporary
B 1 none che o hos somn ;—VO or more rival general views vying for
B o ot etimes happfaned, especially in physics and
e aig ods one general view, one paradigm, has dom-
cedby one inconSistenfer'n;dls when the general view is challenged and
B views about e proczvn Et. Why. do these changes occur? It was always
Bltionasy 3icce oo 550 dparachgm. change or about ‘extraordinary’ or
,__ple. L Kulilro)w .ed the chief target for critical fire (Lakatos,
WSYCh'ology') n’s views made theory change in science a matter
SOrpuscular
Stury but i:}zll;;reiasc: may not have monopolized optics in the eigh-
It the Ty eem 1Cto han.: been easily the most widely accepted
o disturbas of the nlne.teenth century the theory that light
nces transmitted through a mechanical, elastic
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medium became dominant. Did this replacement (Kuhn, of course, likes the
term ‘revolution’) occur for good, objective reasons? The account in The
Structure of Scientific Revolutions—with its talk of a crisis of confidence affecting
the scientific community, leading some, usually younger scientists, to undergo
‘something akin to a religious conversion’ to an alternative approach, leading
in turn to a ‘bandwagon effect” that sees a new community consensus form
around the new alternative—seemed to many commentators to amount quite
unambiguously to an irrationalist (or arationalist) view of theory change.
Although a state of ‘crisis’ is, on Kuhn's account, always produced by an
increase in the number of anomalies and/or by the persistent intractability of
certain anomalies, he seemed quite explicit that there were, and could be, no
general rules for counting and weighing anomalies and so no threshold beyond
which “crisis’ was justified. And Kuhn was similarly explicit that there are no
rules for when the shift to a new paradigm becomes rationally dictated and
hence continued adherence to the old paradigm irrational: either a new con-
sensus will form around the new basic idea or it will not, thatis all there is to the

matter.

Most of what his critics found objectionable in Kuhn's account of theory

change is reflected in his remarks about ‘hold-outs” to ‘scientific revolutions’s
He claimed that if we look back at any case of a change in fundamental theory
in science we shall always find eminent scientists who resisted the switch to the
new ‘paradigm’ long after most of their colleagues shifted. These ‘hold-outs'= =
priestley’s defence of phlogiston against Lavoisierian chemistry is a celebrated”
(though not invariably) by elderly scientists who have mades

example—are often
aradigm. Kuhn added to this interestags

significant contributions to the older p
but relatively uncontroversial descriptive claim the challenging normative clé

that these ‘elderly hold-outs” were no less justified than their more fickle
temporaries: not only did they, as a matter of fact, stick to the older parad
they were, moreover, not Wrong to do so. On Kuhn's view, ‘neither pro:

in these cases, there being, as he added in a later attemp

lways some good reasons for every possible choic€ ==
ary new paradigm and for sticking &
ew, be condemned as illo;

error is at issue’
clarify his views, ‘a
both for switching to the revolution
old. Hence the hold-outs cannot, on Kuhn's vi :

like Lavoisier, who sW-IU:h'-'

_But neither of course can those, who e
d. It is this alleged absence of a smgleao .

ect set of beliefs for a scientist (O ASEE

Kuhn's position.
L s, did he

unscientific’
new paradigm be 5o condemne
course of action or single corr
seemed the most threatening aspect of _

What argument did Kuhn have for this claim? Why, that! ! cin ol

sist the new pm-acligm are no less rational than 1 .
The Structure of br:mnnglfi
e that the older pard gfﬂ

be shoved into the DO®

those who re
colleagues? According to his account in
“The source of resistance is the assuranc
mately solve all its problems, that nature can
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digm supplies’ (106
. es (1062, 151— .
‘Hlogical o Ll11sf:i§mi'ﬁ 2: z) Not only c%()es this feeling of assurance fail
or puzzl - NEE £ TS that same feeling of assur: - #llitorbe
l}; zzle-solving science possible’ urance that ‘makes normal
ut this argument is di ; ’
t is dis e TS
not be Fauhi{l as 'illsg(ij;?;???]f;lmg' Itis of course true that the hold-out
. . al’, if illogicalit : Foutscan
deductive logic. Echoi gicality would require flyine i
. Echo s ) quire flyin .
form the bf‘;iq of a ,,I::fgd_DUhf-‘m s point of long ago, the nglcrgalH:hthe bface of
of thefr own: 56 thf::'camlfr? hlave no directly testable deductive conesi:illﬁs that
3 o st a Ways bc -1 - e€nces
added to those some auxiliary ass i
se general theori . ' assumptions that
ments. To take 511 eral theories will entail any given set ofpe:iic;b i
- ake an example f; ; a e-
forence phenomera a:ﬂpkf from optics again, although difﬁactio:‘:hn: Sunie
corpuscular approach T often nowadays taken as direct refutati i o
- r a T . “ .
nomena were xlfjiewci, this Is quite wrong and is certainly not h AUOI;S ey
P A : ow thos .
N didlhlh{e t;n‘e. _.]ust as Kuhn suggests, the defende]rzscrp}.;e
B o i K'u‘:e insist that these phenomena could b ? e
B instionsat any _OX.' More interestingly, they actuﬂil l- e
£ ec: by post »1 y rate in outline—of how the phenom‘ S e
. ostulari Y i €na ¢ :
boaking inter]:‘ermme zlg]a Lf)lllpl.:cated force of diffraction, for ex aﬁuid be so
by interference of WavEF; 1)’51310g1ca‘I phenomenon (the fringes bein Prﬂ,dor.by
Bations are bound to exi FFO uced in the eye by the light-particles) %lilo uced
correct descriptions of 1l " if all that we require of them is that they d‘g(ﬁ; " 1 exPla-
e I 1e phenomena at issye (After all, if thi = oyaed
, then the | e ’ , 118 were
B sbiccce o entfu Ifoliowmg theory’ would suffice: light con;;c e onl.y
e irely unknown forces emanating from the ed ts of parti-
o ppen to result in the partic ; € edges of opaque
$iat produce the following p ‘;‘““L]es moving along unspecified patl
th atterns of illuminati . =& Pacis
o _dors on the basis of the known expers mation . . . (where we simply fill in
Butare we bound Xperimental results).)
ces the evi 0 say that const
¢ evidential scales (at

?Only if we |
hold that if s
eories T old that if som

ructi : i
N :.t;I:ng s‘uah an explanation automatically
L © 5
: e};id e .Wilfh respect to the phenomena at
2 entia “nt e is :
1and T, then e confirms botl statement ¢ is entailed by each of
PPl 16 1. ; s both theories to the s
; ¢ason to prefer one of the ¢ e same extent and so
Mt of confirmation can endo le] o cheorles, Bt sumsly o seditlls
1€ 10 ror i ' rse such a vi i
B erms with elusive, but clearly ; 1 2 view? All sensible accounts must
BERCe of ad hor-ness No d I;Y important notions like simplicity, unit
. —_— ; i , uni
ST O doubt corpuscularists ¢ 2
. RGO e, o arists could cobble together
A a dedycrs escription of the phen . S e
E uctive conse phenomenon of straight-edge dif
Teason ‘consequence, but this phe gom®
to prefer phenomenon n ill yi
b = : 1ay still yield a
{ finﬂtuml way from :}1]\"3 [:1'301}’ e L ifallq OUI:
nted f,. - at theory but— ‘
Lin an ad } y but—so far as we can tell
3 _; loc a e allbion
e s often expreqqec;"’”ly by the corpuscular theory. (The intuiti:' OII]']f}'/
the vy l'hem-y eh ¢ as the difference between explaining a phue e
B enom-
45 the by, the fﬂl‘piisr;nr diffraction) and merely capturing it post ;n
scular theory could do).) o
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at the principal aim of a theory of scientific rationality

- 1 atural and defensible account of when evid{':nce obj eﬁtw;ly slup__
is to supply an ific theory. Suppose further that the claim that the 1eve op
PO e sc{enl-tl:n been by and large a rational process amounts Sinply to the
me'm e than e has always been from theories that are less well sup-
clalm;};ﬁ-lgiﬁ:%yc to t%.eories that are better supported er}rllp1'rc11ij;llz.f1ts Cfl(zlrll(::zz
it o threat to the 1
Eha't KUI}T"S E?‘}ii_'lés ;?s:: ;-Inuzlltc{:—cc:)?:litp{:?;?r:ﬁ?matiun or empirical support can
rationality, P‘(;:“ _ ; the following consequence: the support 1enE toa .ger‘lera%
o s t' :ll "‘-;’ by some phenomenon that has been ‘shoved’ into its box
Fhe_o")’ . P 13"{’ 'lf%':galx }trk;at lent to that same theory by some pheanmen.on that
{? ;ln ii?ﬁ:'iliye;:t of its box (that is, one that is given a natural’, straightfor-
alls : ;

ward explanation within that general theory). -
We shall see in Section 1.3.6 whether the appr o.al e

is currently most popular——pe:'sonahst Bayesianism

i

such a distinction.

Suppose we take it th

h to empirical support that
deed underwrite

1.2.4. Kuhn’s Later Account of ‘Theory Choice

h of his (1977) book The Essential Tension, Kuh1.1 d{;vcl_upsjnzzl?
1“;:5:;;:& (and, 1 believe, more challenging) ac;ou;\.t of the ftc;‘:i(;sthat -
£ 2 « soat H .re insists that he never de b
ng ’“.;hat he C_aus ;}1;(;1}[;;3}21:1:@ li:::t;}::"l ;.;)m the philosophcnj's 'tradit?onalii (l:il!!' |
s?nllry:he i?:;: gctors as empirical accuracy and scope, c.onsnsu;:cy' :Tn“lpa m .
E:::fl \'lfrrl":tgﬂ:)lness') plays a crucially in’lPortant rf)le ‘m. tgxe?;gs_rp{:;ga .vit @

ir ith the traditional view that [these objective factors] : ol
e 'W:l:t}ils:s must choose between an established theory an]d an up. o

ctitojc.u.a. they provide the shared basis for tbem'y Ch.f}lltﬁ (ﬁ};ﬂ:;g;?choi
P biective factors, Kuhn claims, supply ‘no alg{}: lt.xm‘. o
thesi;ﬁejifhcn the choice between rival theories is a live m-sui(;-?sfms vt
?}?J}‘ective factors never dictate a Fhoi-:e. Th.ls is .[01 LWSO ‘;::.;?ence when app
I s often turn out to deliver no unamlngut.)u preter " e F
— i ; ood at the time when the choice was being o
to the theories as they $io)° 4 ican heliostatic theory Was o
ple, it is often assumed that the _COP‘frmcan . oventually became HHEEE
more accurate than the Prolemaic tl.xem'y. Thlbf\f{é Sl others, Wi
as a result of the work of Copernicus, Kengl.‘ .l‘;er rca;.sons (if for @
clearly then ‘chosen’ the Copen‘ﬁc-‘m icQr_yb oI gltcwrs_ 3o poifl 'é‘:
at all). Secondly, even where single ijjﬂiﬂ?’c “factors may point:
direction of one of the rival theories, lfhﬂ'i:l(ﬂ‘]t el Coperil
directions: while simplicity (in a certain sense‘)eq; undoubted!y
consistency (with other, then accepted theories

Ptolemaic theory.

when
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Hence, according to Kuhn, the objective factors must always be supple-
mented by ‘subjective’ factors in order to deliver a definite preference: ‘every
individual choice between competing theories depends on a mixture of objec-
tive and subjective factors, or of shared and individual criteria’ (Kuhn 1977: 325).

Many interesting issues are raised by this later account. Here I give bare out-
lines of a few of them. (Readers interested in more details should follow up the
references supplied in the Bibliography.)

1. Isn’t Kuhn's laundry list of ‘objective factors’ lacking in necessary struc-
ture? He presents it as if each of the factors is independent of all the others
and that the ‘objectivist’ could give no reasons for regarding some of the
factors as more important than others. In fact many of those philosophers who
aim to show that theory choice is an objective affair (Poincaré, Duhem,
Lakatos, and many others) would see one of Kuhn’s objective virtues—that of
predictive (empirical) success—both as intimately connected with other virtues
(for example, ‘fruitfulness’) and as dominant over others (such as detailed
empirical accuracy).

After all, Duhem’s point abour theory-testing means that scientists always
can, in principle, develop detailed theories within a given framework that will
capture given known phenomena. What scientists cannot guarantee is that the
general framework will be predictively successful. The Copernican who (1)
acknowledges that Ptolemaic theory had developed much the more extensive
fit with the phenomena (after all it had had several hundred years’ start) but
Who!(2) insists that hard work on detailed assumptions within his theory will
ventually allow it to match Ptolemaic theory in this regard, and who (3) points
' say, planetary stations and retrogressions as predictive successes for his
ME0ry unmatched (and perhaps unmatchable) by the Ptolemaists—such a
pernican is surely winning the objective argument.

Or consider Kuhn's ‘objective factor” of consistency with other theories. The
tion is that because, for example, Copernican theory clashed with ac-
€ Aristotelian cosmology (whereas Ptolemaic theory was consistent with
Blotle), it remained reasonable for those who ranked consistency over, say,
€ Success to continue to advocate the Ptolemaic theory. But in fact
E0Cy with other accepted theories may surely be reasonably regarded
“9asa virtue rather than a vice, since it sets an agenda of problems for
_Searﬂ"h——With. however, the important proviso that there is some inde-
’e“}PI}'ical) reason for thinking that these problems can be satisfactorily
BHR L seems to be predictive success that supplies that independent

l:'l.

L \ an : : : :
. ,Im_cec_oraeCt that his account diverges comparatively little from that
eived’ i ~ :
F the ed in the phllosophy of science? The answer seems to be that
e essent; ; . oo L .
sential role it ascribes to subjective factors” in supplementing
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T‘a]'ly‘)asA\ltE(?:;L S}ile.lh:‘. a;ivcrtises his more elaborate account as a decisive
ities).
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1d be remembered t ‘
' ns for each possible
licit consequence that ‘there are always some good refas.o P thf o
p?im" (i:e both for sticking to the “old” theory and for a Lli: t]it s uch
. OI}EE(KL.ﬂ;n 1977: 328). And it still has the explicit conrsaquenc n; i
e ' ‘ sons’ i si + matter of a new CONSENSL =
i ns is simply a ma

1l resolution of ‘revolutio (8 AL O B cdfEencer
llhﬂ' i to emerge around the new paradigm: valid’ reasons fo

pening
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sel I(Dllsly tll()S(: wh() Sut)lec[lvely see Su(jl reasons.

i i tional Belief
1.3. The Personalist Bayesian Account of Ra

1.3.1. Probability an d Evidence

nt of evidence can tive :
F\:;}u::':zgtaroblem'); and no an‘mum of’ ewdt}:;;g; g}a
theory (this might be called Duhf:m s-lJJr‘n heg.the
give up on the whole idea that‘ewdem.c suaft();) oo
tain theories over others. But this seems nulu._‘ . mcgcesq -
given the undeniable and staggering empit u.sT .F‘ : 1;} -
sther ‘e plausible) conclusion 15 that proofs ar d ois] e
B l?k' .vidence may establish some theories as atany ratef .
too n1uci_1 Loslhr }(; n others (indeed some of the less believable t}.u;one;m o
nally behefra : & It 'f]mredil-ﬂhe by the evidence). An obvious sugguuor:n 4 2
renden:d.a.l.t?t_sg 1,0 lr-::cise is to use the notion of probability. thfn msan g
to ntﬁﬁblhi]i:; zj igenCc, but they may be much more ngfi%:o‘;:?by t};‘n _
5:::{5 in L)‘(hc light of the evidence. Theoncs. mlay [ni?lgi-dlrl-nmkcs i
but they may be made so improbable by uit 1‘1,10 ardly o o
There is a long history of attempts to Ee;rt-,p,x e pleand
attempts have the great advantagc:o ulfj "llalcmgw a;:jn uE ;lp;l g S ssion ol
ematically precise theory of probability,

issues much sharper than is usual in philosophy.

deductively prove a scientific theory (.tlus. i
ce can strictly disprove a scientific
Some might be tempted t0

Vil

pabilistic Inductive Logic

ted with the axioms
e comp

15.2. Carnap and Pro ot probabliel

acquain  nion ok

t alread :
S Wk yy David Papineau 121 th

consult the brief treatment b

reason for accepting Cer=
k. Another possible (andy
f science, surely al.tjq-i
isproofs were always
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or one of the references in the Bibliography. Although initially developed to
apply to ‘events’ (the event of a head coming up on the toss of a coin, the event
of a radioactive atom undergoing decay in a given time interval, etc.), the prob-
ability calculus can also be interpreted as applying to sentences. The philoso-
pher of science Rudolf Carnap in fact developed the idea that the probability of
a sentence S—the chance that S is true——is the proportion of the ‘possible
worlds’ in which S holds compared to all ‘possible worlds’. Thus a tautology has
probability one since it is true in all possible worlds, and a contradiction has
probability zero (false in all possible worlds). The probability of the sentence
either S or S’ is the measure of the union of those possible worlds in which S is
true and those in which S’ is true minus the possible worlds in which both are
true (otherwise the possibilities in which both are true would be ‘counted
. twice). So, in accord with the probability axioms,

' PV 8 =p(S) +p(S") — p(S&S").

An important notion in probability theory is that of the conditional probability
p(S|S"), the probability of S conditional on S§'. In the case of probabilities of
events, we can, for example, ask for the probability that a draw of a single card
from a well-shuffled pack has produced a heart, given that the card drawn was
ared card. (We may have caught a glimpse of the card and seen that it was red,
- but not been able to discern whether it was a heart or a diamond.) Intuitively
the answer is 5 (whereas the unconditional probability of a heart is of course ).
Similarly, the probability that the card drawn was a spade, given that it was red,
5 of course o (again the unconditional probability being ).
~ Provided that p(S") # o, then the conditional probability p(S|S’) is equal to
e ratio p(S& S")/p(S"). So, on Carnap’s interpretation, p(S|S') measures the
iPtoportion of possible worlds in which S’ holds that are also ones in which §
ds. The idea was that the probability calculus, interpreted in this way, would
de a natural extension of deductive logic. The inference from premiss 8 to
usion § is, remember, deductively valid if and only if every interpretation
€ language in which these sentences are expressed (every ‘possible world’)
Flakes S’ true also makes S true. So when S’ implies S, S must be true in all
SROssible worlds in which S’ is; and hence the above ratio is 1; that is, p(S]8"
there is at least one interpretation in which S is true and S false, then S’
9 entail S deductively. But Carnap’s idea was to give formal sense to such
“¥'appealing ideas as that S’ may ‘almost imply” S, while for other such
bze;tenc.es §" may ‘almost imply’ that § is false. In the former case, S
:inte:e‘lr-l r}early all the possible worlds in which S’ is, and so, in the
& tIPretation, p(S|S’)=1; in the latter case S would be false in nearly
.'sﬂi}clli worlds in which S’ is true and so p(S|S")=~o.
o par; iilWas t.hat this extension of the logic of deductive entailment to a
1 entailment would underwrite such claims as the following:
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y of the available theories
toa higher degree (perhaps
vy of its rivals: p(Ts|€) >>p(T:|e) for any i #3;

and although the evidence doesnot entail the falsity of some theory T, it “almost’
does so: p(T'| €)= 0- These judgements would be justas objective as the straight-
forward deductive judgements of which they are natural generalizations.

A successful account of }nmia\ entailment between sentences would at the
be, on this approach, an account of rational degrees of belief. Just as a
ves tautologies (such as either probability theory is hard
or it isn’t’) totally and disbelieves totally contradictions (such as ‘probability
theory is hard and it isn't’), and just as she must rationally believe that Socrates
is mortal, given that she believes that all men are mortal and that Socrates is
2 man, so she must rationally believe Newton's theory to degree 7, if she

accepts total evidence ¢ and if p(Newton ley=r. The appr{)ach then, would—it
seems—deliver an entirely | preference problem,

objective answer to the rationa

for example:
Q: Why is it rational (scientific) to prefer the Darwinian
to the creationist account, given all evidence e that Wi

homologies, etc.)?
A: Because p(Darwin

Darwinian theory to a mu
nce Darwinian theory is
than is creationism.
srtunately it doesn't work. It fails for the same reas
that the so-called classica probability fails. The fatal i@
lies in the implicit idea that there is always only one way of describing or ¢
ing up the possibilities, SO that there is always on€ answer to the qt_lesuon :
is the proportion O h §' holds to possible world

f possible worlds in whic (
which both 8" and § hold?’ The flaw surfaces even in apparently straighti@
cases.

Suppose t
some single property P
three ravens each of which 1
have the property P). We want to know what the proba .
“Two of the three ravens arc black’ is true. What are the posanblﬂ -
Well, we might say that the proportions of black to nonll.)l-.‘.ck ra\’e'-‘-' S
supply the equal p()ssi'bﬂitiesrthat is, one possible world is the 02

three are black, another po which two (any

ssible world is one in :
- Tis account
three are black, and so on. It is clear that this accov

relative 1O e
SONET L . . e F e 5
ities (the possibilities beng given here by what Carnap C;J}  onek
pa . . ds
tions) the sentence T'wo out of three ravens

evidence does not entail an

although the (total)
lessimpliesone of them, say Ts,

T, ..., Twitnone the
to a much higher degree) than ar

same time
rational person belie

theory of evolution
e have (about fossils,

ley>> p(creationism |e)s
ch higher degree than it enta
and he (objectively) much more lik
given e

This is a terrific idea. Unfc
| interpretation of

here are three individuals that either possess OF do nol:lf
We might, for example, be considering a popH

night be black (have the property P)oE

110 &
ot

are black’ ho

that is, because ¢ entails’
ils creationisniy
ely to be (rue,
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possible cases (0 black ravens, 1 black raven black
R Pflobabﬂity is »+++» 4 black ravens) and so on this
n the other ha

| i mothersnod éljl;t\zz )couclld of co‘urse.individuate each of the ravens (as
bl distribution of the pr and count possible worlds’ by looking at each pos-
ravens. Given this COI’lStI‘IL)l (;Pehrtleslblad{ and non-black over all the indivigual
R o are black: bt al, tl : 1fre is, as before, one “possible world” in which all
B, i ohich two, rave,nun ike before, there are not one, but three, possible
L ite and the others blaS 1<{)uthof the Fhree are black (the one in Whi’Ch raven
Wk and the one in whicch’ the One' in wbich raven, is white and the other;
account, using Carnap’s termirfg‘{snz is white a‘nd the others black). On this
Satticular state description of the fo ;gn}j; each possible world is characterized by a

*Pa, & = Pa, & £ Pas,;

that is, by any of the th i
) reefold conjunctio i i
g ns which eit ;
.(s ?that P holds of each of the a,. Relative to this reck he'r Esseal (i lont =
.*l:h, i.e. eight, possibilities rather than four, and o . O'mr;g, e
Be hrce rave . ) ) ur particular sentence (°
the possibilit e blac.k ) holds in three of them. So this way of rne i(TWO o
e o=t es would give that sentence the probability % arking out
ability 3. ility  rather than the prob-
It is unclear how i
ow it could be argued
. that one of th
ossibilities is th i e of these two ways of counti
B s the Statez cor.rec.t one and the other incorrect. (If yoz,l are io u?tlng
. reﬂeestcrill)tlon account as somehow clearly the more natu nCl ned
- ) : ral,
ductive learning’ Thztt Fhls way of counting possibilities does not per}rrx(q)ili
. three-l;jrd is, suppose you have already observed two of th
ility, as arrived ate};?mple’ and both have turned out to be black. Still the
given this evid : rqugh state descriptions, that the third one 'will al ;
bbservations were rt;r;c; 151{1}11“ the same (namely, one-half) as it was befosrz
. e. This is becaus
3 ithe first two ravens are black and i e
in the other the third raven i Ln ekt
] is wi i ’
-,but consider a universe in whi - i I i e
Ved the first 999 and th. puitich Shere areiiooo birdsgnd supposelyon
3 ey were all black; sti
€ probability that the ‘ack, still on the state description
thiar 1,000th raven is black would b
o e 1,000th bird is white, i.e. 3. wie . the same as the
eﬁrf I€ are again just two in v’vh 'hz. }?f R S
y d 1C
a}one is black, while in th e .ﬁrSt 999 are black, and in one
= RAPS approach b ¢ otherit is white.) Moreover, the prob
be the . ecome even more intense wh et b
eS¢ in anything like a realisti D i o
e, @cleor oo s r;_a istic scientific example—the uni
993, ch ese difficultie - )
: apter 4.) s can be found in Howson

e Carna
P pro i
P gramme is long dead, I have outlined it here
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oncerns. 1 have no doubt that
nt probabilistic approach to
h is ‘not objective enough’,

ive probabilisti.c account

sets the agenda for recent €
duced to the more 1ece

nfirmation of theories, will feel that this approac
member, however, that the fully object

nambiguously failed.

because its failure
fl some readers, when intro

co
Itisas well tore

has apparently u

The Basics of Personalist Bayesianism

ory still be used to characterize correct scientific reasoning
The influential ‘Bayesian’ school

| 1.3.3
| i Can probability the
. despite the failure of the Carnap programme?

il argues that it can.
A Bayesian ‘agent’ is

II sitions expressible in h
bination or any Jogical consequence of any suc

rational (scientific) if and only if

thought of as having ‘degrees of belief” in all the propo-

er language (hence including any truth-functional com-
h propositions). Such an agentis

her degrees of belief satisfy the probability calculus

as probabilities); and
he next (t,) in the light of the

in a certain way—via the

() at any given time,

(i.e. are formally representable

(b) she modifies her beliefs from one time (t)tot

evidence that has accumulated between i, and t,

‘principle of conditionalization’.

| Concerning (b): suppose that all that has happencd of epistemic relevance to

theory T between time t, and time [y is that some statement € which was i‘id_ﬁu

' known to hold at t; has now (at time t;) been accepted (by the agent) as Widsn:ﬂ;

(this is admittedly a rather vague supposition because of the clause abOUEtE
acquisition of ¢ as evidence being all that happened of epistemic rele

between the two times); the principle of conditionalization then requir

the agent’s degree of belief in T att; should be the same as her degree

|
I .-, -
in T at time by conditional on ¢, that is,

Prz(T) = Pr,(Tlt’).
a rational agent's

ted should be h
r to €8 having

sed as the requirement that
T after evidence € has acert
e—that is, prio

| This is sometimes €Xpres
erior’ degree of belief in
degree of belief of T conditional on

| evidence.
I The approach is
p(T|e) are crucial q

obabilities Of_ -
probabilities :
heorem of

an’ simply because Pt
uantities for the approach and these

ated using Bayes's theorem. This theorem (which is a ¢
ability theory and hence entirely uncontroversial) in 165 25

that, providcd ple) # o, then:
p(Tle) = pelT) - (p(T)/ p(e))-

called ‘Bayesi
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The . ] -
b :}fgzoizcohni E):ﬂled personalilst because it explicitly eschews Carnap’s idea
e correct, ‘objective’ [ ili
p(exccurring P et jective’ value of the prior probabilities p(T) and
though this freedom ove | i
. r the priors entail

e . ils that two equall ian-
» hrglhta%?ntt; ernsay have \Crlery different degrees of belief in th(f,1 1slcjmye I;?z’s:;a?
' ame evidence, it by no mea s
- the ns follows that th i
i? f1arcet )tr hsilrllll)gzctéve, that the approach simply describes the way dif?fearigioaCh lls
nd reason. Each of the requirements (1) and (b) imposes ob?::t]; e
ve

( { alIltS( on degrees Of bellef dlat ma W CH not be met b artic lllal I eal
reaso S he C S nts pr y cann. € m by 1
ners (1mdaeec ome O onstra HVal) ot l) et rea

reasoners).
or example, since the probability calculus is based on classical logic, th
, the

Bavesian requi . )
1 Yician_bgh res that an agent is rational only if she is a perfect deducti
e th eving every logical truth absolutely, i.e. to degree 1. (Of .
| g\;en : e sn?iartest of you would be hard pressed actually to recogni. th o
complicated sent i g Ze that som
% tauliology' henceence 1nv<?1v1ng, say, twenty-seven atomic propositions is in faci
: Bayesian—r’ational};c;; ntnght n0tfknow that your ‘real’ degree of belief in it, as
y nt, was in fact one.) Agai jani i
A - ) : n, Bayesianism di
lagent is rational ) /gatn, Bay sm dictates that

gn ol rise ton‘::l}’ if her ];ilegree of belief in the proposition that “either t;:
Ea rrow or blow up overni ht’ .

bt e t'—assum h ;

entirely th - & ing that she

o %’ }tlee gosmblht}; tglat it will both blow up and rise tom%)rrow mdliclj)m;ts
v r degrees of belief in the iti e
i . proposition that the sun will ri
and in the proposition that the sun will explode overnight will rise tomorrow

i, Bayesianism and Rationality: The Two Main Questions

two constrain ‘rati
- l:;ez)trilver;ition?}ldegrees. of belief” underlying Bayesianism
B rcies in Orde. e question arises whether an agent needs to
o] ife}f to count as rational. That is, would an agent
B ot }fr degre.es of belief did not satisfy those con-
e enswer o is question cllearly requires justification of the
B s e cessary conditions for rationality.
il prObabﬂIilts.tram}tl—that an agent’s degrees of belief at any
s prooat a1es— as centred around the so-called Dutch book
Bt e faﬂls agent s deg're.e.s of belief fail to satisfy the prob-
Bicarcing cecro oo 2 c;_ e probablhnes, then she is provably commit-
Bl e Es air on which she is bound to lose whatever the
B o atter.n ftensmns of the Dutch book argument have also
P ph.to show that an agent must conditionalize in
o b e 8 'y,‘\y ile another argument for the principle of i-
s Ocen that it is essentially analytic— e
Bcondinony s o % y analytic—the fact that your degree of
s r simply means that your degree of belief in T

0}




6 ohn Worrall |
; | Philosophy and the Natural Sciences
would be 7 if you were to come to know ¢ (but everything else remained the (Or better, since it is as well to remind -
ments in the literature against both suggestions abilities, an agent will see ¢ as Conﬁrmig;r;élves'that o A
: ustin ¢ is hi
than p(T).) By Bayes’s theorem, assuming p(Je) #o e forhen p(Te) s gher

oth substantive and unjus-

game). There are, however, argu
e found in the

and some philosophers regard conditionaliz
tified. References to the interesting literature
bibliography.:

The second main questic
cally more challenging, if less clear-cu
agent whose degrees of belief satisfy the
rational (in the intuitive scientific sense)?
question whether those judgements about ¢«
science supplied by educated intuition are ca
(Of course there is also the possibility that the Bayesiat
particular clash between his principles and educated int

ition needs to be re-educated.)
There are certain straightforward aspec
controversial and of which the Bayesian P
neat explications. For example, theories can be r:onﬁ.rmed

mental evidence and are generally better confirmed by passing 's
by tests the observed outcome of which was implied by the theory but was

unlikely in the light of ‘background knowledge’. To take a famous example
from the history of optics, Fresnel’s wave theory of light was confirmed by the

discovery that the centre of the shadow of 2 small opaque dis¢ held in light
m a point-source is Jluminated. The claim that the centre of the

diverging fror

'gemnetrical shadow’ should be {luminated had been shown 1O be a conses

quence of Fresnel's theory (it was Poisson who discovered this logical fact), ¥
according

the claim seemed extremely unlikely to be true (so much so,
the standard story, that Fresnel's contemporaries firmly expected the the
to suffer a major defeat here). In fact, however, when the experiment

perfbrmcdﬁby Fresnel himself and his friend Arago—it curned out as PrEEES
by the theory.: \

The Bayesian ac
itself: evidence confirms a th
theory's probability; if, that is, the probability
has been established is higher than its pro
Bayesian principle of conditionalization requires
degree of belief in theory T—that is, her degree of
of evidence ¢ has been established (but nothing else of
happencd)——should be her earlier degree of belief in T €0
p(T|e), and since p(T) measures her (‘absolute’) degree ©

became established, then for a Bayesian

ationas b
on these issues can b

p(T | &)= ple| T)-p(T)/ p(e)-
1 constraints is philosophi-
their sufficiency: is an
aditions automatically
o come down to the

»n about these Bayesia
t, and concerns
two Bayesian O
This seems t
ptured by the Bayesian account.
1 may argue that some

uition shows that intu- |

that seem prior, p(

ts of scientific reasoning
becomes larger as p(e) —0.)

osition gives pleasingly
by observational or experis

entirely un
evere tests—that s,

nism tell us about these two problems?

» Bayesianism and the Duhem Problem

a theory is sunp
hat) it INCEES

once that &8
-ehand. Sinc
nt's po
ce SON

count of the evidential confirmation of
eory if (and t0 the extent t
of the theory
bability befor
that an ageé
belief in T oR
cpistemic rele
nditioual 6}
f pelief it

[h e

¢ confirms T if and only if p(T1€)~ p(D)-

Since in cases O i
mction e Cf the l;md pow under consideration, e is entailed by T in
el (@gte initial conditions and auxiliaries, it seems reZs blcon_
=1 (in i . ’ onal
regarded e ;ec}{ if these accepted initial conditions and auxiliarie o
srrect and incorrect reasoning i e ground knowledge, then the Bayesian i S
soning in | set the so-called likelihood term at 1). Hence p(T [ ) s yl A agent is bound to
. - E ¢) simplifies t .
means, in turn, tha = - p op(T)/pe). T
L p— G ufnlgss ple) =1 (that is, unless the agent was cginplgt(ef - |
" — e of the experiment ahead of time), then e must confi y;ure
I Y ) ccount and moreover the extent of th ; .
by the difference between th ' e confirmation—measured
R e posterior degree of belief in T, p(T|e), and th:
G er 3 . ¥ 3 ()
g the smaller is p(e). (Given that p(e) <1, 1/p(e) of course

Does Bayesiani i
E and}l as;ia;lglfr_r; :10e :ts wt;ll when it comes to other—perhaps rather more
B pevsin proioe st o
. . ressing problems that th
gwcess g tc}llzfglj}elz n(if theb 11dea that theory change in science is a ':attit)vr?arli{'
e t})1;0 em and the problem of prediction versus accom-
B et eVige is slscond problem, the issue arose, remember, of
e hnlce that h.as ’F)een ‘shoved’ into the ‘box’ provideci b
i e gh less eavﬂy in that paradigm’s favour than evide i
e paradigm without needing to be shoved.) What rclafrel

pointed out th
at n i
Ly theory_Nz asseftmn that we would naturally think of as a
e weon's theory (of mechanics plus gravitation), the
e ght, special relativity theory, or whatever—has de’du
W i ‘ -
o N Wnttha’t are directly checkable at the empirical level. In
e ;)ln s th.eo.ry, say, predictions about planetary pc.)si—
. ac prechcnons as directly empirically checkable) we
B e o ;Zl;mptlons—about what other massive bodies exist
TR mount of refraction that ligh i
LI .. e, onc ight undergoes in pass-
. ﬁ. e, o o1 ; so on. Should the observational con
5—tha i all that follows deductively is th d
hat i R ot bor b y is that at least one of the
Beory under o set of assumptions consisting of th
it b together with all the back i ;
B . (Lo The the c ackground or auxiliary
entral theory and A the conjunction
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n if neither T nor A alone but only the conjunc-

of the necessary auxiliaries, the

tion T&A entails some observational or experimental consequence ¢, then all
we can infer from the observation that e is false is — (T &A), which is of course
equivalent to —TV —A.) Indeed if the ‘central theory under test’ itself divides
naturally into a ‘core’ assumption and a set of more specific assumptions (as
does ‘the’ wave theory of light, for example, which consists of the core assump-
that light is some sort of wave in some sort of medium together with more
e sorts of wave and the sort of medium), then the

mplicated. Now the natural formalization of the
set of still ‘central’,

he ‘core’ assumption), S (the

tion
specific assumptions about th

situation is one step Morc co

experimental test involves C (t
but more specific, assumptions), and the auxiliaries A. But then again if only

the conjunction C& S& A entails some evidential statement &, then —e entails
only —(C&S&A), that is, —CV —SV —A. And, so far as deductive considera-
tions alone go, the scientist now has three options: (1) retain the whole central

theory (C&S) and reject an auxiliary; (2) accept the auxiliaries but reject one of
the specific assumptions rather than the core assumption (this option will natu-
rally, if rather confusingly, be described as ‘modifying’ the central theory rather
than rejecting it), an

d finally, (3) reject the core theory.
Scientists, however, do not invariably exploit the freedom left to them by
these purely deductive considerations. Sometimes it seems clearly right to reject
an auxiliary in the light of an experimental ‘anomaly’. A classic and much dis= =
concerns the discovery of the planet Neptune. Here there were
‘unexplained irregularities’ in the observed orbit of the planet Uranus—thatis,
Newton's theory of mechanics and gravitation, taken together with then
accepted auxiliaries and nitial conditions, led to predictions about Uranus' orbit
that were observably incorrect. Rather than reject the ‘central’ Newtonid
theory, Adams in England and, independently, Leverrier in France SUgges
that the ‘mistake” lay in the auxiliary assumption about the number and mass
of other bodies in the universe that had significant gra\ritaLioual effects
Uranus. Working backwards from the assumption that Newton's theory st
they were led to postulate the existence of a hitherto unsuspected-
beyond Uranus—a postulate that was subsequently confirmed by astroRSH
observation. Here the retention of the central theory in the light of anas 2l
seems eminently scientifically justified (to the extent that this episode i
counted as one of the great SUCCESSes of the Newtonian theory)- =
But defending a cherished theory against apparent counter-evk
rejecting some less central, specific assumption sometimes seems to!
great scientific success but the hallmark of pseudo-science: \‘Tﬁ‘-hkm'
provides a clear example. The central theory concerned B this €
Velikovsky’s claim that a comet had long ago broken away from
orbited the earth on a series of occasions producing such notable ol
parting of the Red Sea and the fall of the walls of Jericho. The anSSSy

cussed case

il
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dence was the absence of e mf o
o Ol Heats are inc ?;ea:y ;:-Lm.ds of similar cataclysms to those recorded i
cures of the time \felikm;s;; chives of at lleast some other record-keeping ¢ liu
Diskien froblér: the ass(ﬂ-g POITICd out in effect that this is an instance fl" Lll:l
b Ben et Tt .1on ‘L hat records of appropriate cataclysms wo l;
not merely his fundamer Eiles concerned can be deduced only by postul: t'u
assumptions—for exalnpllarifcm::sﬁ:;y l?)"pot:lesis but also various lauﬁ‘ii;‘:.f
have recorded any catac : : ption that the culture’s scribes ‘
b i indeed th?nial:;:lfs'lzn on L}lc relevant scale if they had wimels:::(gitw O;ﬂd
e 1-:;,:;?!“3 on th‘e s.ca]c of the parting of the Re;l( SOI--l
i back fem thi assumptim:n T‘n)]mne $ dxary‘.),lust like the Newtonians WO:I::
i mp——— lci)d the truth of their central theory, Velikovsk
dance he postulated, and so I)’ did exist and really did perform the com .Ii“l[ 2](
b 1o e orher ;:ultu;i ! ‘16 was lc—:cli to assume that cataclysms had bt]:e: E‘
B ctive amnesia’ had sei dllg that in fact they had proved so traumatic :’;‘l"
condition had afflicted thosen. (d f course, Velikovsky postulated that this dre 3(;
ing records but had no and only those cultures who were otherwise k \
s surely a require:zzzids of appropriate cataclysms.) e seep
Bt loi che difference bon any adequate account of scientific rationali
B e move Dur noft\\/mlz.(;n thes? two episodes—that it explain Adamt}s,
that an account that satisfies hie 1 OVSI.{Y s, as scientifically reasonable. (Recall
B ) Doce oo sonditton will avold many of the robl
Colin Howsen and p}ztesrog:bjz}]l%agesmnism satisfy the condition? probiems
mthat a straightforward analys’is Z‘;Zlgglng an flarlier. idea of Jon Dorling’s,
the Duhem problem entirely. Consid on persqnahst Bayesian principles
necan bf represented as the co.njuncstlio(:lr ;]"SC(ajle md"f’hicisome theorerical
entails any o . and in which neij
Rerice of tﬁe EZ‘;;E:;H St;tement; and suppose that some eig:rei;]eﬂ;tog
PECLto deductive logic is s on et urne'd out to be false. The situation Witil
o ymmetric: neither T nor A alone is falsified
_ , there is no reas v 1 sified. But, as
always be symmetric i on why in such cases the effect on T and 4
Bes’ of Tand 4 noo S1Sn Be.lyes1an probabilistic terms. The ‘posterior
»assuming p(e) # o, e

P(T)e)=
b } €) ~ 2D pe| T)/p(e), and
= p(A).p(e| A)/ p(e).
-~ﬁ:"1?1g§ntjudges ple|A) to be
1mc Ies? than p(e), then h
or while T'g posterior w

5 4 S i
Yde:alysacl various histo
T treatment of Proy

18,
- Iwmmtcger multiples o
€nce that seeme

very clos.e to p(e), while she judges p(e| T)
cLiI posterior probability for A will be very
il be very much lower than its prior ’
rrlcal cases and Howson and Urbach‘ ive
; s lhypothesis (that the atomic weighf:;; :(;
o tS;]e atomic weight of chlorine) facing

ow the element chlorine to have an
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8. But the idea behind the analysis can be readily illus-
d of Newton’s theory and the difficulties with

220
atomic weight around 35.
trated in the case we have cite

Uranus.
Adams and Leverrier ‘held ont

observations of Uranus orbit, an

o’ Newton’s theory despite the ‘recalcitrant’
d instead ‘laid the blame’ on the auxiliary
about the number of other planets in the solar system. Let T then be Newton's
theory, A the necessary auxiliaries, and e the evidence about Uranus’ orbit.
Suppose that Adams and Leverrier’s belief-states can reasonably be represented

(of course in an idealized way) as follows:

@ pa|T)=p(T) (i.e. T and A are probabilistically independent)

(2) p(T)=o0.9

(3) p(A)=0.6

(&) ple| —T8A) =ple| ~T& —A)=3p(e| T&—A).

T&A) is of course o here since ¢ refutes the conjunction T
¢ out having a higher degree of belief in
(though these are accepted auxiliaries so
the less substantial); and they think that
likely to occur if Newton’s theory holds
e, if Newton’s theory is false and

(The probability p(e|
& A.) That is, these scientists star
Newton’s theory than in the auxiliaries
their degree of belief in them is none
the observed orbit of Uranus is twice as
but the auxiliaries are wrong, than, for exampl

the auxiliaries are correct.

It follows just by the pure mathematics of the probability calcutus that

p(T|e) = 0.878 while p(A | €) = 0.073.

So a Bayesian agent beginning with the above priors and likelihoods, and ¢0

tionalizing on the evidence,
scarcely affected by the ‘anomalous’ evidence from Uranus,
now regard the auxiliaries 4, which she had initially regarded

be true than not (p(A) = 0.6), as scarcely credible at all. And the ¢l
analysis reveals the rationale for the markedly asymmetric 1eactior
ms: in finding thelr

‘anomalous’ evidence by Leverrier and Ada .
(Newtonian) theory scarcely threatened and in ‘blaming’ the auxiliariesy
were, in effect, operating as rational Bayesian agents.

It is of course by no means clear what would count as an
reconstruction of the ‘belief dynamics’ of some set of scientists. Not¢
most committed Bayesian would claim that such accounts are simply €
tive—since no one seriously holds that the historical agents had-
belief that are exactly expressed by the numbers used in such Bayesial &
No Bayesian to my knowledge has explicitly analysed the Adam
case: the numbers used above are taken from Howson and Ul'b‘f-“_lh
of Prout. But similar difficulties seem to arise in all cases. In F‘E“rﬂc‘f
rather difficult to take the likelihood assumptions ((4) above) SEIEE

while she W

aim is that
tion to

acceptable :

would find the credibility of Newton's theorys
as more likely "
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accepting that no A .
got Iitllegmore thac;nili::it cts precise numbers, I suspect that one would hav
them what their T ;t?res.from Adams and Leverrier if one had aske:j3
gifiiiBtion tiat borh 3 e uj,f in the evidence about Uranus would be on th
false. ewton’s theory, and the then accepted auxiliaries arz
However, the chi i : g
ihie sake Gf al’gllmc;f tﬁfiﬁizbzif:atils 1;antall}’sis arises once we concede, for
o el o : ntin terms of per i
Whatpw:lsi{: :) :;1:::1;:1111 :.l(“:{_()l'l:itl‘l.ICIElOt] of the reasoning of idggfsaallggiliiﬁ:}if?
B rtction of the (iI;ltsu:itt«_sollutxon of the Duhem problem was not simpl ”;
B2 reconstruction tha dig ely Cf)rreCt) reasoning of Adams and Leverri}::;
filar, but intuitively hight erentiated that reasoning from the superficiall '
The Bayesian analysis faii g Susﬁea, reasoning of Velikovsky and 1'?:J|]ovw3rsy
0 S ~velik0 mﬁnfi y to updcnvrite this distinction. Nothin is.
P e orinaliy the same s VSKy s reasoning in Bayesian terms. We just havegto
- be‘ \2.:11 1.1111-"{10113: about his prior beliefs as in the Adams and
N (includ'l ovsky’s central cometary hypothesis and A’ the
various cultures). Then, i 'ng assumptions about the reliability of scribes i
en, if his beliefs about these various claims ahead ofe S&llfel

evidence (¢') of the lack of sui ;
B by suitable records in certain cultures are appropriately

@) pA' | T')=p(T") Ge. T’

;i (T (e T ’ =

_(2,) AT = 0.0 )(.e. T" and A' are probabilistically independent)
23 f>_ pA)=o0.6

. _4) 2 I—T,&A’)Zp(e’l—T’&—A’)z%p(e'lT’&—A/)

y follows just as before that

P(T' | &)= 0.878 while p(A"|e)=o0.073.

_'j.e. 482 good Bayesi >li i
e h:}f:f?];n] YL]1kovsky will have conditionalized, and so his ‘pos
e Wh‘luh] c‘em'ra] hypothesis will be hardly different ﬁ'(;nf)l i
» while his degree of belief in the auxiliaries will have beus
> been

Y reduced, And this i
e this indee e £
10 this Bidence. eed captures the way Velikovsky seems to have

the Bayesian does n

G ot of ¢ 5 ;
belief our of the of course condone simply plucking alleged

e i .:u;t in order to defend a view favoured for some
ded bic Tkt 3 _'may well be that, although Velikovsky could
Belct inopye Elss rational on Bayesian principles if he had lj:ad ;h
‘F‘eah'zed " ha\‘:in .’a l;;lattef‘ of fact he did not have (or rather cann ;
e made})) t e“pnox:s and likelihoods cited in (1'—4"). It m:r
heliefs e i;-r{:[l SEIIC-S of conditionalization errors. But éhc w‘};
8180 be pu o de:mm to the philosophical point. The Bayesi ;
eep trouble just by the fact that, according?:ail:
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¢ that could be appropriately modelled via
1d be declared perfectly rational in seeing
cting the credibility of the
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were someone’s belief-state to be on
assumptions (1 yto (4") then they wou
the evidence of no cataclysmic records as barely affe
central cometary hypothesis.
The natural reaction here is 0
in (1'—4") themselves seem intuitively
example, to have a degree of belief a
earth’s close encounters with this strange ‘comet’ ahead of
cataclysmic records in some culture ¢y Or is it really reasonable to hold that
that evidence is twice as likely on the assumption that Velikovsky's theory is
true but that scribes in C were inaccurate as it is on the assumption of no close
ibes? However, such questions are entirely out of
hich treats such assignments of degrees of belief
as ‘givens’ in the analysis. If you hold that there is an objective difference
between the reasoning of, say, Adams and Leverrier and Velikovsky in that the
first reasoned scientifically and the second not, then you cannot hold that per-
sonalist Bayesian analysis is an accurate and complete account of objective,
scientific reasoning.
The criticism that persona

f course that some of the priors and likelihoods
highly suspect. Is it really reasonable, for
s high as 0.9 in Velikovsky's theory of the
the evidence of no

encounters and accurate scr
place in the Bayesian scheme w

list Bayesian analyses are [00 personalist, t00
dependent on facts about agents priors, to give an adequate account of the
principles underlying correct reasoning in science is one that has often been lev=r
clled, There have of course been Bayesian attempts to counter the charge. I
shall briefly outline these attempts shortly—after first looking at the Bayesialt
treatment of our second important methodological issue—that of whether sues
cessful predictions are more confirmatory for the theories that make them thafi

are successful accommodations of known facts.

1.3.6. Bayesianism and ‘Prediction versus Accommodation’

d not fault the hold-outs to Ie
hin their paradiss
ither {llogicd e
f empirical

Kuhn claimed, remember, that one coul
tions—their belief that some explanation could be given wit
for the allegedly crucial new evidence is demonstrably ne
unscientific’. One straightforward way in which an account 0 :
port for scientific theories might counter this claim would be by under
a distinction between evidence that was predicted by a theory and £
that was already known and ‘merely’ explained by a theory (or accOr
within the theory). Suppose it could be argued that the corrfzct .
empirical support gives, ceteris paribus, greater confirmatory Wfflghtw
predicted fact than to an explained old fact. Suppose a ‘rcvoluuonﬂ'f:)’ .
adigm predicts some hitherto unsuspected phenomenor: Kfﬂ_‘“s'
belief that the evidential scales could be balanced simply bY giving®
of that phenomenon within their o

1

]

Jd paradigm would then be
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would, contr g i
senuciath ilinchmdeibsce ED g tothcTress gl
. : evidenc rding to the correct principles.

B ;,b i)rrnee);ain;];;li, V]_:‘)’}eliol;glmzomsts insisted that the fact that the risidug s; mer-

P e e ara% e rr:iore Fhan the initial mercury could be accommo-

e e (tOpWit 1g}rlr11, .esplte the fact that it was committed to the idea

R CIea,rlp .oils.ton) was .alyvays emitted from substances that
‘I e e seriouylng t: one poss1b11i.ty (that does not in fact seem ever

LT z y). would be to a.ttr1b1.1te phlogiston ‘negative weight’

e n); a more plaumble possibility would be to hypothe-
‘ ercury both loses phlogiston and gains something else

process that happens to result in a net weight increase. But if z?his In
| arrlezcizggr;rr;oda;.c;n (that is, if no such suggestion made independevrzz;etzr;f:ﬁ}z
Eoughly) : }sl eirih ; }iflcd(f;rllll?c;datlons count less than predictions (putting it very
Sy s og ;ihloglston would indeed be reasoning unscien-
o e i is as d:.:l ancing the evidential scales (Lavoisier’s oxygen

But does the correct rﬁiiul;teift he;rl;?glt (l)f - meriury bt
b : . irical support lend a confirma

ghﬂo?;g; ;OOF::L;Z??CG? And, if §o, why? This is a long-running issuteoz
B n. eynes a.nd Mﬂl are notable representatives of the anti-
. . Keynes wrote (in his A Treatise on Probability):

[the] peculiar value of icti

L prediction . . . is alt her i i

o . : ogether imaginary. ... Th i

k. era ;')a‘rtlcular hypothesis happens to be propounded befo}r,e or aft ; queSt'lon' =
empirical consequences] is quite irrelevant er examination

S echoes John Stuart Mill, who wrote (in his System of Logic):

5.to be thou i i
B f;tf (ilz;lir;l ilzfap(zthesm.. . . is entitled to a more favourable reception,
. el ke c .s previously known, it has led to the anticipation and
et one e 1]ji)erlment after.wards verified . . . Such predictions and
N , we C?Icglated to impress the ignorant vulgar, whose faith
y on similar coincidences between its prophecies and what comes to

1L 1S st ange th d b t h Q1N d nce
g at any consi
Siderable stress s Ould be lald upon SuCh ac Ci c

EISon of scient ;
efly had isrcllfrlllitrﬁc attam.rn.ents’ who held this strange view and whom
! .'On . thevc\)f:s William Whewell. Whewell asserted that success-
. Simila vicns, y a stamp of truth beyond the power of ingenuity to
ghest test of [, t}jvere N eiampl ) Dy RECH O EL,
 dlone il reveal,eorc}lr] 1s tq ask it to indicate in advance things which
Jconfirmed (15 Danh thz'tt if the theory passes such a test, it is espe-
atural classif cati u em'’s own terms this means that it is likely to be
1on'.) And subsequently by many other philosophers
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What does Bayesianism have t
| is interestingly mixed.

) say about this contentious issue? The answer

ong) Some analysts—for

ver Confirms (and that's Wr
have argued that

d. following him, John Earman—
dence ever confirms a theory;

I
13.6.1. Old Evidence ne
k Glymour an

example, Clar
1. the Bayesian system entails that only new evi

and
' 2. this is completely contrar

scientists.

y to intuitively sensible judgements made by

answer that would be entailed by the
there is no pt{:mium on predic-
te that Bayesianism entails
it follows that

er words, that the
dential support is that
he can demonstra
ns count in favour of a theory,
account of evidential support.

‘problem of old evidence’. Here is
s that only new evidence confirms
is already known 10 hold, thenitis
nbering that all probabilities
knowledge—this means that

Glymour holds, in oth
correct account of evi
tions; and, since he also believes
that only successful predictio
| Baycsianism is not the correct
' The issue here has become known as the
how Glymour argues that Bayesianism entai
a theory. If ¢is evidence at time t, that is, €
| part of “background knowledge’ at t, and—reme!

in the Bayesian scheme are relative to background

ple) =1

[t is easy to prove that, if
firm any theory. As wWe saw earlier, ¢ confirms
Bayes’s theorem, p(T|e)= (p(e\T).p(T))z’p(e). An
‘| | ple) =1 (which entails pe] T) =1 it follows that p(T'|€) =
| ditionalization, once you take e into account, your degree :
| the same as it was before—e is entirely neutral with respect to T, nel
' firming nor disconfirming it.
Glymour claims that, to the contrary, there is a whole hc
tory of science where a theory was not only positively confirme
confirmed by some evidence e that was already well known-
Glymour especially emphasizes 1 of general relativity theory ¢
tions of the precession of Mercury’s perihelion. The ev :
was already known when the general theory was formulated, butit pre ;
the view of the scientific community, especially compelling ¥

Rinstein’s theory—more compelling, according to most people’s _
than that from newly discovered phenomena such as the Mossbauer!

so, then no such piece of known evidence €
d so if for any old eviden
pT)- Thus, by
of belief in T8
ther €0

yst of cases from

pridetd
Systcl'ﬂ':'
dence. This s4 ggestion

1.3.6.2. The Garber, Niiniluoto, Jeffrey Attempt to Solve thC.Old
) Glymour himself suggested a way in which the Bayesiatt
extended to overcome this problem of old evi

can cons

T only if p(T| ¢) > p(T). Buy hj'\

Philosophy and the Natural Sciences 22
5

sequently endor
& e KIﬁnﬂuO:zd arclld developed by a number of philosophers includin
. riownli C, an I.Jkeffrey The suggestion is that the important fact thazczy
of Mercuy's per ia;e; ike that of general relativity theory and the precession
elion was not the empiri i
. rical evide b i
motion but ; P nce about Mercu
el Merajat%ler the logical fact that the theory entails the (known) evidery .
ry’s motion. The confirmati i R
: ation arise q :
PN eorsentailstheeytence s from the logical discovery that
In order to m i
suced. This rep:(},(si rtlltnS(:gcouEt work a new primitive connective = is intro
i s (though one is not form .
. L ally allo e
deductive entailment. It can then be shown that if y llawed talrecognizesi)

1) anagent h i
(1) S %heorizz :eiretes of belief that are probabilities not just in the scien
nd statements available to h i _
er but also in all st
; tﬁe form T=e¢, T,=T,, and so on; and if i
A : g e
) the agent’s probability distribution satisfies certain assumptions

then for some T, e pairs,

p(T|T=e)>p(T).

Hence alth . e
‘confirm an}(f)ltl}%}elo(r;}}]trlrll: zirsis right that old (.A'Vidence in itself cannot Bayesian-
old evidence (that i;, the disfc‘)l\f;;Zyot;:}tl?i% 1531 - th‘g o o
This ingeni . may coniirm the theory.
fitue of forgetting thgf:S)er tc1)1 be a perfect (deductive) logician, it is only in
@l undefined primitive that fce:l:‘1 4 {neans d?du.cﬁv,e entailment and taking it as
B ifcation scoms ma conFracthon is avoided. And secondly, the
BV el theor , ofn reﬂe.:c.tlor'l, very doubtful—surely what really
B not a logical (and ther}e,fg relativity is empirical evidence about Mercury
S€general theory and sentencr ) analyt.lc,) fact about the relationship between
) es describing Mercury’s motion.

3. Howson g i
: &—nc)ta];c}l, ngcﬂ s Ijl‘lttempt to Solve the ‘Old Evidence Problem” Some
inou: 1 1 i, owson and Peter Urbach—have argued that
B vy it is indeed correct intuitively that old evidence
eories, but the Bayesian position entails exactly this

COrrect res

. ult. The crud : E
15 am, ucial claim b : . X
‘ ounts to the following: chind this particular Bayesian

ilities TR
. are all implicitly relative to background knowledge; but

the im

pact i
Brobabiliry f(())rf eeyldence e on some theory T is being weighed, the
i the cogiiive Slist:he? degree of belief you would have had in e \,NCI‘(":
we, ation you are in fact in, except that you did not
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When e is (or was) unknown, this ‘correct degree of belief” is just your actual
degree of belief at the instant before e becomes evidence for you. However,
where ¢ is already known, the relevant degree of belief has a counterfactual
character: you pretend that your relevant ‘background knowledge’ is not B (as
itin fact is), but rather, s0 tO speak, ‘B~ {e}’—what remains when you ‘subtract’
¢ from background knowledge B. It follows that p(e) for known € need notbe 1,
and indeed in genera] will not be. And so, of course, contrary to Glymour, old
ce may Bayesian-conﬁrm.
make this suggestion highly problematic. One is the formal
of sentences ‘B—{e}" isnot well-defined. Simply ‘deleting’
ly closed) set of B’s consequences has no real effect, since
as a consequence of lots of other consequences of B.
of B, then the sentence e& j'will also be a con-
Bis axiomatized in some way and
ences of the axioms with e
y be axioms, this

eviden
Several problems
roblem that the set

¢ from the (deductive
¢ will simply ‘reappear’
(Let fbe any other consequence
sequence of B.) On the other hand, suppose
we characterize B— fe} as the set of consequ

hoved. Since evidential statements like ¢ will not normall
y leaves B entirely unaffected. However, SUppose {B, ... By}

here none of the By is the evidential statement & since eisa
to see that the following axiomatization is logically

ren
operation generall
are axioms for B, W
consequence of B it is easy
equivalent to the first:

{e,e—>By, e—3B,, ... , €>Bu}
w the effect of ‘deleting’ ¢ from this axiom set will be devastating (the
1uivalt:nt to sentences

But no
latively weak statements €q

remaining axioms all being re
of the form ‘either not ¢ Or B)).

Howson and Urbach argue that despit
enough intuitive sense of the require
a coin has been tossed a single time, and ha
none the less easily understand the claim that the coin had a pl'o'lnz‘-bilif)'r Of__
half of producing tails on that toss. But are we not, then, in effect saying SUpp®
ackground knowledge were as it is except that 1 didn’t know that e_
d up heads on this tOss, then I would give 2 probability of oneHe

)
h the coin, it is not at all clear—4%
can be made, for examplés
o15 had he not

e these formal difficulties we mé
d idea in many cases. Supposés

good

example,

my b
had turne
each of the possible outcomes
But, whatever may be the case wit
Earman has also suggested—-that sense
Einstein’s cognitive situation would have been in 1 _ 0
the precession of Mercury’s perihelion. Einstein’s whole VIEW was Sm
affected by the Mercury anomaly, that it seems hard even 1_0 bf?go b
about what he would have believed had he not known about it. I sr" z
impossible to make any real sense of his degrees of belief in ot.h:-'l-T_P
against this counterfactual background. Similarly, having S5

- . ' ion 0 158
thought and work for many years, | just have nO concept©

s landed ‘heads’, we cast
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mean to talk of o s
e bocfulzressnel}sl background knowledge’ as it would have been had h
right, then at 1eas£ foa‘rY:t}:e:epher%or?enon of straight-edge diffraction. If this i(;
’ particular pieces of known evi .
ancsl Urbach counterfactual construal of p(e) fails e
uppose; hOWe . : !
while, does it lea\;ert,OW: Sg(z aflong with this counterfactual suggestion for a
’ atisfactory resoluti f e
The Bayesian - ) y ion of the predictivism
evidenc}; doesasnjrllz(i? now del;ivers the (surely correct) implication thatclii);\;e ?
imes confirm. An investi i "
the cou : i . gator in 1915, someh -
E )itertf}ictual interpretation, assigns a probability of (let’s assfrvrz i
SS id-
way 1}tr does G? onf}:lto e EmEnGthagN e Sperclion precesi:e(s:(')ml}(ljl
o | S :er(l 1; ;at the general theory of relativity, R, entails that statelrr;t e
Qﬁma(mmf )ﬂ@?>MMkaﬁmmmwm%mannCmﬂ,em
i g ayesian, will see R as (strongly) confirmed by g itional-
owever, as i . £
be given of Mercsur;;?:gzgeknrllownl,)a classical, non-relativistic account can also
: ents by making entirel .
the density distributi g entirely ad hoc assumpt
B fxed e};jéiltrlbutmn Of'the sun (that is, those assumptions abouls tll(l): (Siabo'ut
reason). Thi ) S(-)b?? to yield the known facts about Mercury and for n enity
- thi.s ¥ Ssspoim ility became known as a result of Dicke’s work in ths Ot6 .
e 1lca account C. C also entails ¢ and so again an agent applyi N c})f.
a R :
:ﬂﬂ@>>ﬂ®?§§wlS?“U%WAWHﬁm@<<1mdmmjgﬁﬁié
s ‘ is, such an agent will .
Ttself need ) see ¢ as confirming C as wi P
e Cr;(it 1E)e problematm: after all we are surely hap Piergwith Celi,Thli in
k. Wa}sf sc motion I‘lghF than we would have been if (per imposs%bﬂin t ”
S0long as an a e?EStiu(flt)ed) g eV e ey O Or GEeE T ) irtlgcizzg
e “%er ; }:11 tri I?tes a very low prior probability (that is, ahead of ¢)
glivers the intuiti Ein the prior she assigns to R, then the Bayesian analysi
y entrenchedwe Y JEarT ect .JUdgement (or at any rate the one th ZS%S
.Probable i in the scientific community)—that R remains ver ) l}i
. Sin C once the evidence e is taken into account In)éer;lclll C'f
pport that e lends to theory T by the ‘differenc-e me e
asure

)=p(T|e)—
ple), p(T)), then we have, since R entails e and therefore p(R|e) =

S(R,¢)~
$496)=p(R | ¢) — p(R) = p(R)(1/p(e) — 1)

v .' asince C also entails e,
4=2(C|o)— p(C) = p(C)x/ple) — 1),

g that (

y e) has the

V& obtain same value in b

LN the resylt that oth cases and that that value is not

=3(C.e) (that i
'-F{R)>p(C), is, that e supports R more than it supports C) if and
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ms: an agent will see e as

¢ more correct personalist ter
for R is higher than her

Or, to put the resultin it
ly than Cjust in case her prior

supporting R more strong
prior for C.

A similar a
pect of the fossil record)
¢ specia
w alleged—fossi
that depends entirely

some piece of evidence (say,
entailed both by some specific Darwinian
| creationist theory (in the latter case simply
] into God’s creation) differentially
on their prior proba-

nalysis will show that, for.example,

some as
theory and by some specifi
by dint of writing the—no
supports the two theories in a way
bilities ahead of that evidence.

Such a Bayesian agerd wi
entirely in accord with the judge
if she assigns a much hi

al judgements in these cases
ments made less formally by the scientific com-
gher prior to R than to C and a much
rwinian than to the special creationist theory. But what if
she is firmly convinced of C or of special creation and assigns them much
higher priors than their rivals? Thenasa good Bayesian she will see the evidence
as providing in a sense further support for her views, for she will see her previ-
ously favoured theories as the better supported by the evidence at issue.
Analogously to the case of the Duhem problem: if you hold that, say, the fossil
record should, on the principles of correct scientific reasoning, be seen as
favouring Darwinism OVer special creation W cliefs, then

hatever one’s initial b
you cannot hold that personalist Bayesianism is a correct and complete account
of those principles.

Il make evidenti

munity exactly
higher prior to the Da

1.3.7. Rejoinders to the Charge of Over-Subjectivism

often respond to the charge that their accounts of scie
are too reliant on merely subjective priors by citing a range O :
the ‘swamping Of ‘washing-out’ of priors. After first advertising the Vi
of having a certain amount of “subjectivism’ in one’s account of pre
scientific reasoning (even in science it would sometimes pe unfortunate iy

reasoners held the same beliefs), Bayesians then go on to claim that this sU
tive element does not matter too much because in many situations the
ity overwhelmed. In certain situation

tive element is eventua s and ZUI:J
. . H ()
weak constraints on the priors, all Bayesian agents will ten

Bayesians

certain
agreement.

For all their formal interes
these swamping results carry.

t, it is not clear how much philosoP%‘_i‘al\

Priors are only ever fully “washed out ]Itlh
which of course we never really achieve. The fact is that any actual BE
o—even the intuitively most bizarre—may be Bayesial ra N
a sufficiently high prior on her own theory &%

. > : -reationist
he rival evolutionary account, @ lffil" o arrived
alating evidence at 4 still ha

preferenc
vided she began with
ciently low prior on t
itionalized away on the accum
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ntific reasonin 7
f results aboHE
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this moment, a
, at an over i i
ist theory than for Da rw:’;}ilafirﬁmgly hrllgher posterior for her scientific creation
; : heory. The fact th - : ’
whelmingly high, i ¥ act that this probabili
h, is's : ity, the rer-
and there fr:trﬁs CQLgﬂ;eYth ;“ lower than her prior seems of litge ('t')]:::fl\a?‘\fl
: : qually little consolation i ONSOIAHOT,
kinds of future evi ion in the thought that, gi
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o Rl idence, the sequence of her successive p(}qtcrio;gsver:j e
factory theory gfpo:ent are desfmed to converge. If the judgement éln ¢ that F’f
Velikovskians ang t;)lzerr Sile?ﬂgc reasoning ought to deliver is that creztié:);?tis_
4 = N est ot the sorry crew irrati 18tS,
| ist Bayesianism is no such theory Y are irrational now, then personal-
The second ’
e of Bayesi .
is entirely misgl};pc ed.’ r;zeslé.ln‘r.esponse is that the charge of over-subjectivi
! sl excensions Of' ot pll‘lllt.lplles of personalist Bayesianism are essenti slrln
P glc,a} principles. The requirement of coherence ( h1a.Y
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? al extension of the requi ¢ y calculus)
| (Ind he requirement of :
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2 € COonstr: Cenrreilla? any further requireme
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“how such assu P r.e ending it. But this would raise the awkward e :fnd
Ho mptions could themselves have s el

ﬁcw- could a synthetic claim that is allegedl any reasoned credentials.

e give . constituti .
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ggress? Personalists like Dorli getting involved in an infinite
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. ffon.u:s a possibility, then this must si , or a rational scientific crea-
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i dence, you have no justification f properly on the
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gh he still, even in view of all the evidence

?.the credib» s

i ilities 5 :
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1.3.8. Prediction need not be Prediction

esian analysis you favour, a
old and new evidence
7 Does new evidence

[t seems that, depending on the details of the Bay
Bayesian can endorse either of the possible answers to the
problem. But which answer is intuitively the correct one
provide, ceteris paribus, more support and, if so, why? The question is still very
much an open one- _discussions of it have, however, in my view, been obscured
by a failure to make the right distinction.
Why on earth should it matter from the point of view of how strongly it sup-
ports 2 theory exactly when some piece of evidence was discovered to be indeed
evidence? Why should the fact that the precession of Mercury’s perihelion had
been well imr{:stigatcci before Einstein articulated the general theory of relativ-
ity while the gravitational starshift was discovered only later in itself matter at
all? Perhaps it does seem especially impressive, psychologica\!y speaking, when
e of some experi-

some theory turns outto make a prediction about the outcom
.+ thought of before, and when that experiment is pet-

ment that no one €ve
formed it turns out as predicted by the theory. But if this were an essential
principle of the way that science has always evaluated empirical support, then
we should, I think, simply have to record this as an amazing fact about scientif
y’ which itself has no reasonable justification.
However, there is no need to suppose—in order to exp

decisions they make—that scientists do give extra theory-confi
some piece of evidence just because it was unknown
articulated. There is, I suggest, no epistcmically im
beyond that between evidence that ‘falls out paturally” from
dence that has to be ‘shoved’ into the theory. The imp
that between old and new facts but that between evidence that has, and €
dence that has not, been ‘written into’ or ‘accommodated b

through, for example, fixing the value of some initially free parameter O
basis of the evidence.

For example, the ‘scie
“fossil’ record; by supposingt
tion some things that happen to look a lot |
species and simply chose to scrarch patterns in

like the imprints of skeletons of such animals. b
approach is basically an exercise in accommodation: the fundament

says that God created the universe much as it presently is; Obser"’aﬁ;’
how it prescntly is and those details are then fed into the fu ndamﬂﬂf_a :

create specific creationist theories that unsurprisingly entail the V2 >
the other hand, Copernicus, for example, ne no SPECTY

eded to make
tion in order to explain planetary stations and petrogressions:
instead an inevitable consequence of the implication ©

lain the theoretical
rming weight 1o

ic ‘rationalit

merely
hose to include int

ike bones of animals o ¢
the rocks that happen to o
(Indeed the whole cred

ntific creationist’ theory
hat the creator simply ¢

f his theomi =

ortant distinction is not.

y' the theory=—

accmumodﬂt&"_ {

at the time the theory was.
portant distinction heres
a theory and evis

3
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planets were being vi
viewe .
carth). Hence evei thougi irto? a moving observatory (attached to th
Copernicus f ations and retro : o the moving
s formulated his ti gressions were kno
by his theory i s theory, these phe wn long before
ory in the epi i PRENGRIENa were'not : I
ste . € not ac
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| Wi . ed strongly in i
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i result and m stinction as that be
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—— i’md;onnngdaung it post hoc, but only if :rethem Y Sgredlcting a
Ezn o rstood in a non-t ’ remember th
of old facts. This on-temporal sense t at pre-
. This may se nse that allo 3 v £
Yy seem a strange usage—but it is in fact ws the prediction
act one often ad
opted

both in scienc
ce and studie i
< s of science. The Logical Positivist Moritz Schl
‘ 1tz Schlick, for

| the confirmation of i
a prediction mean i
. p i :on ea. s nothing else but the corrob i m
which w ot used in setting up the Sformula. Wh Ohratlon S
p . ether these da
ta had

ah'eady been ObSerVed Oor whether ey were su <
1 . ( 1 ) y bSequently ascer tal’ned makes no dl €1

p tb k Ne aTl MC h ni S remark h
A [(1 F] €1N( S respec t(:d tex (o6) wtoni cnanic S that NeWtOl’l S

like ever
y other good theory i .
10 situations beside th ry in physics had predicti
Y e ones ve value; that is, it coul
’ ) d be applied

theor . from which it w
iy may involve looking for hith as deduced. Investigating the o
OBizing that an already existi €rto unsuspected phenomena, ori predictions of a
{emphasis added) y existing phenomenon must fit into ,tﬁr it may involve rec-
e new framewo
rk.

Despite i
N € 1ts many vir ]
tue :
0unt of confirmation ‘SV (it ﬁs widely and understandably regarded
blem S some of which he ave at present), the Bayesian s gst ed as the best
ave been examined in this section };t o flé)lces LK Ty
- It may be the best

treatme

: nt of confi i

i r

i needs extension andrinatlon we have, but, if so, then even the b
mprovement ’ Hle.beh, Tt

! ) iy .
Stientific R, i
o evolutions and Scientific Realism
1IN a1 ;
. Lis Scientific Realism?

B of science 4t ‘
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e the quantym, t}f;“l.}’ ;‘Cfﬁpteai theories includepthe ry s Mot
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ss still theoretical claims, such as :;1;1 ci'é:b \feli
S emica
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have some sort of atomic structure, that eiccnr:;!;s > lhcogics tal{a
5 ' - eset
eleme“{‘{ that DNA has a double-helical structure, and so on. 111.tides e
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¢ that the entities they in
rrue and hence tha

I\ belief is reasonable). . . s
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J at facge value, but no real realist has any such straig

I -y t{hemiY'acccp?r;;licitly restricted to accepted t
tirst, realist claims ar F
sd::ie;. Although there is no agreemeﬁt 1?:1 jiviiéic.me c
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tum theory (indeed the quantum theory is known to require modification, see
below). And the attitude of most scientists towards quarks or superstrings, for
example, is that they may well exist, that there is a good deal of evidence for
them and a good deal that could not be explained without them, but that they
none the less retain, for the moment at least, a conjectural quality not shared
by electrons. There are, in other words, different grades of ‘acceptance’: some
theories are, at a given time, totally entrenched in that no alternative is being
sought or even seriously contemplated; others are accepted in the sense that
they are regarded in their field as the only serious contenders so far articulated,
as having some degree of support, but as retaining a definitely conjectural char-
acter. The realist might, on this account, restrict her realism to accepted theo-
ries of the first, very firmly entrenched kind; or, perhaps more plausibly,
distinguish between degrees of reasonable belief: the rational belief to have is
that all accepted theories have a good probability of being true (or rather, as
we shall see, of being ‘essentially” or “approximately true’), the probability
reaching, or at any rate approximating, one in the case of the deeply entrenched
theories.

A third way in which the notion of acceptance requires refinement is through
the recognition that some scientific theories have an idealizing character.
For some theories (the ideal gas law is the usual example) this is obvious, but
many theories reveal elements of idealization, once examined carefully.
Newtonian particle mechanics, for example, was certainly a successful theory
and was firmly accepted in the eighteenth and nineteenth centuries—yet it was
of course recognized that there might be no such thing as a Newtonian particle
‘and that certainly none of the entities to which this theory was (successfully)
applied strictly fit that description. The scientific realist is (or should be) in the
Dusiness of arguing that theoretical science should be taken ‘at face value’; but,
atface value, not all accepted scientific theories are intended to be straight-
OIWard descriptions of reality; instead, some idealize. Even within a basically
account, some theoretical notions are to be viewed as connected with
Y in rather more complicated ways than through direct reference to real
ties,
= Y, the sophisticated realist will realize that ‘accepted theoretical science’
ably internally problematic. For example, it is scarcely controversial that
Beral theory of relativity and the quantum theory figure in the list of
currently accepted in science. Yet it is well known that the two theories
i '”;th_be strictly true—not for any philosophical, but for purely scientific,
'(ff}t?ﬁi,fuanlum theory is not a covariant theor;t! as required by rela-

b lr- I.? the fields postulated by gcperai relativity theory are not
. €quired by the quantum theory, It is generally held that a ‘synthe-
_mo :l‘lzﬂne:s is needed, one tf?at cannot of course (in view of their

Patibility) leave both theories fully intact. Quantum field theory
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1.4.2. Arguments for Scientific Realism

he ‘Miracle Argument” 1t would be frivolous to try t0 d‘en‘y that scxexl(:
s the level of empirical prediction and tech-

has been strikingly successful at e
logical lication. Television sets work, and they work, e
ED Ogls(f tk?f I;nadictia:m made by Maxwell’s theory of the emstepc; o sse;tork
nf::;ietic waves turned out to be correct. Like it F)r.nm. a;otr]::;cdeoe:ltheoms
and they work, at least in part, because the predict;ons 01 e de il
about the structure of matter on which they are base gm}u)oﬂeg L e
ical level. The empirical success of 1:tr.esem:lyr accepfe t ;; le.-n L
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argument goes, what the theories say about Itransu;};:}ﬂf -
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can be empirically checked by direct means tm n f);:daims o
impressive scale. But were those purely theor i.m.a e L ohenor
even intended to be descriptions of what goes on

ire sterious.
then their empirical success would seem entirely I;l«?ln ‘ plausibilit}' o
This often rehearsed point can never be more the " have anit
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(meta-level) inference to the best explanation—have generally come to grief.
Moreover, there is, as van Fraassen has often emphasized, no need to explain
science’s empirical success—the scientific enterprise cannot, on pain of infinite
regress, demand that everything be explained; and the weakest claim that
would entail (though hardly explain) the empirical success of present scientific
theories is, of course, simply that those theories are highly empirically
adequate.

The empirical success of present scientific theories none the less seems a
strong plausibility consideration in favour of the claim that they have somehow
or other ‘latched on to’ the way things are. The main source of this plausibility
is the fact that a significant part of the empirical success of science has been the-
ory-led. As discussed earlier, theoretical frameworks based on different core
claims are invariably elastic enough to accommodate known phenomena after
the event, but the impressive thing is that many of the empirical laws that are
now known were first discovered only as a result of being predicted by theories.
Thus, for example, the fact that the centre of the shadow of a small opaque disc
is bright was discovered to hold only as a result of its being predicted by
Eresnel’s wave theory of light. How else could that theory get such a surprising
and hitherto unknown result right unless what it says about what is going on
behind the phenomena is at least partially correct?

1.4.2.2. The Argument that Realism is Heuristically more Potent It is has
often been suggested—long ago by Feigl and by Popper, for example—that
the realist view of theories has proved itself heuristically the more fruitful
~iew: those scientists who have made theoretical breakthroughs are invariably
‘ones who insisted on interpreting present theories as (successful) attempts
'- describe an underlying reality rather than as merely instrumental

rameworks.
One sharp form of this argument goes as follows. Everyone now acknowl-
3¢s that ‘background information’ plays a significant role in the development
eorc.!;ical science. But when this uncontroversial point is properly thought
igh }t in fact supplies an important argument for realism. Background
ation includes realistically interpreted assertions about causal relations
; ﬂfﬁt:lcai entities that are essential to the way in which that information is
-g:l m‘underw riting the acceptance of certain theories and in developing
- {i.frtll:fs (\jgm}eltimes even successor th.eor.ies). M.oreover, the theories
: understa}rlld i\}\ie generally achieved s1gn1ﬁc§nt mstrumen.tal success.
i, e 1’instrumental success of this aspect qf sc1en't1{.ic pro-
e ft at the ‘_background information r_ehed.on is 1gdeed
ealist claims about causal connections ineliminably

the bac i i
) I‘kground information are at least ‘essentially’ correct and the
Telical entities real,
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vational claims and generalizations as straightforwardly true or false, and their
associated entities as unambiguously real, but treats theoretical assertions and
their associated ontologies quite differently, usually as codification schemes and
useful fictions, respectively.

Van Fraassen has, however, tried to turn this argument around in favour of
anti-realism, introducing in the process an interesting and much discussed
account of what counts as ‘observable’. For details refer to van Fraassen (1980).

1.4.3. Arguments against Scientific Realism

Several arguments against realism have been based on the philosophical idea
that the position is unnecessarily inflationist—that it involves metaphysical
assumptions that can be, and should be, excluded from science. (This is the
main thrust behind van Fraasen’s anti-realism, for example.) There is also a
series of arguments based on underdetermination of theory by data—a method-
ological phenomenon which is taken by some critics both to render realism
implausible and to remove entirely the force of one of realism’s chief supports.
(On underdetermination see Papineau’s treatment in the earlier companion to
this volume.) However, the most telling arguments, in my view, are to do with
() difficulties concerning the idea of approximate truth and, especially, (2) the
problems posed for realism by theory change in science.

1.4.3.1. The Problems of Approximate Truth® Theories are often accepted despite
being known to be in need of modification; and the history of science shows
that, often enough, theories that were accepted and not initially known to be in
need of modification are in fact subsequently modified or rejected outright.
Realists claim that it is none the less reasonable to believe that currently
decepted theories in the mature sciences are ‘essentially’ or ‘approximately’

Mue. But what exactly does this mean?
 Realists generally adopt a Tarskian correspondence notion of truth; and
Would surely like an account of approximate truth which parallels Tarski’s clear
d definite analysis. Popper attempted to provide such an account for the

ker notion of one theory’s being closer to the truth than another.

The basic idea is that one theory A (considered as a deductively closed set of
“HENts) is closer to the truth (has ‘higher verisimilitude’) than another
Y B if and only if either A has more true consequences than B without at
€ time having more false consequences, or A has fewer false conse-
S than B without at the same time having fewer true consequences. Of
':;’eryhthepry bas (denumerably) inﬁnitely many consequences and any
m_ogthgs,lnﬁngely many true and infinitely many false consequences.
B i r; re.lamon involved here cannot, then, be defined in terms of
» 1orin that sense every false theory has exactly as many false
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as it has true consequences and exactly as many of both as any
other false theory. Popper suggested that—at least for a significant range of
«the subset relation might be used to better effect to provide the required
o: A being defined as having more true consequences than B if the set of
er subset of the set of true consequences of A,
) and Miller (1974) proved independently, it
hat again any two false statements have the
¢ Popperian verisimilitude

conse quences

case
orderin
true consequences of Bisa prop
Unfortunately, as Tichy (1974
follows from Popper’s definition t
same verisimilitude—no false statement has mor
than any other. The proof is straightforward.
Popper’s account is that theory A has more verisimi

either of two conditions holds:
(1) the set of true consequences of A properly includes the set of true con-
he set of false consequences of A is included in the

sequences of B while t
set of false consequences of B[intuitively: A has (strictly) ‘more’ true con-

sequences but no more false consequences than BJ; or

(2) the set of false consequences of A s properly included in the set of false
he set of true consequences of Bisincluded in

s of A [intuitively: A has (strictly) ‘fewer’ false
for this by also having fewer true

litude than theory B if

consequences of B while t
the set of true consequence
consequences than B without paying

consequences].

Can condition (1) hold for any p
line with the first part of condition (1), that the s
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(a) is true, (b) follows from A, but (¢) does not follow from B. Ais
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from A, and (¢) does not follow from B (if it did then t would oo,
assumption one of the extra true consequences of A not sl
there is at Jeast one false consequence of A (namely, t&f) that is not

quence of B; and so the second part of condition (2) car
does. Hence condition (1) never holds of any pair of false theories. )
How about condition (2)? SUppOse. in line with the first part of the conditi®
that the set of A’s false consequences is properly included in B's: rbis means s
there is at least one sentence, call it g, that (a) is false, (b) follows from B; @
does not follow from A. (So, intuitively, g is on€ of the sentences T;Ee_ .‘
show that A is ‘less false’ than B.) Let h be any false consequence © A. TS
ditional gives the

ditional h—> g (a) is true [the truth-table for the con _
¢ are false], (V)
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False—elerﬁ
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—g) and so the second part of the con-

true consequence that B has (namely, h
(2) also fails to hold for any pair of false

dition is not satisfied. Hence, condition
theories.
If ‘more’ and fewer’ a

Tichy-Miller result shows that Popper’s i
B, then it cannot have fewer fals

ot have more true ones.

re understood in this set-inclusion sense, then the

dea cannot work because if A has more

true consequences than e consequences, while

if A has fewer false consequences, it cann
Other definitions of increased verisimilitude and of closeness to the truth

have been mooted, but none has won general acceptance (largely because of
what seems to many critics an undue dependence of the proposed measure of

atheory’s verisimilitude on the language in which the theory is expressed). This

Jeaves the sophisticated realist in an unfortunate position; he claims that present
theories in the mature sciences are rationally held to be approximately true, but

he is unable to give any acceptable precise analysis of what approximate truth

means.

An eighteenth- or nineteenth-century realist
onable to believe that Newton’s theory is
‘approximately’ or ‘essentially’ true. Newton's theory involves action-at-a-
distance forces of gravity acting across an absolute and infinite space, with a
separate, absolute notion of time, according to which any two events simulta-
neous for one observer are simultaneous for all. A contemporary realist, how-
ever, advocates a realist attitude towards a quite different accepted theory—the
general theory of relativity. According to the latter, Newton’s theory is, of
course, a good approximation in 2 whole range of applications; indeed its pre-

_dic_tions, though they always strictly differ from the truth (‘the truth’ as of
course seen by relativity theory), are empirically indistinguishable from it for
city compared to that of light. But,

‘bodies moving with a sufficiently small velo

good empirical approximation though it undoubtedly is, Newton's basic theo-
fetical claims are simply wrong; there is no action-at-a-distance; instead bodies
move along geodesics in a curved spacetime, of which time is an integral, non-
_ble part, with the consequence that, quite contrary to the absolute classi-
nception, simultaneity is frame-dependent. It is difficult to see, even
ely, how Newton'’s basic theoretical claims could be said even to ‘approx-

Whlat relativity t.heory sees as the truth.
gtarly an early nineteenth-century realist 1
A S.la§tic s.olid ether theory was at least ‘essentia
= h_t:d %:,llt{g;hé elastic solid ethe.r and Waves in it exi§t. Yet, it too was
TR Ofo‘rsles apﬁaren.tly ’radmally different from it. An4d ur.ﬂess we
Becd o o F(;:;net 1’mfg like’ to (and beyon.d) breakmg-Pomt,‘ it seems
Bl SOhdS;lle S undamental theoretical assump'uons, 1n.volvl1ng'
edium filling the whole of space, as something like

1.4.3.2. The ‘Pessimistic Induction’
would have claimed that it was reas

n optics would have held that
lly’ correct, and hence
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the truth (as of course current theories see it). It is hard to see any ontologi'cal
resemblance between probability waves in a quantum field and mechanical
waves in a material medium.

The ‘pessimistic induction’ encourages the conclusion that changes of an
equally revolutionary kind will, at some time in the future, affect t.he'z theories
that are presently accepted in science (or atleast the conclusion thatitis not rea-
sonable to hold that there will definitely not be such changes). How, then, can it
be reasonable to hold a realist view of presently accepted theories?

Notice that this argument not only attacks the realist thesis, it also threatens
to take all the force from the realist argument from predictive empirical success.
The realist asks whether we can really take seriously the possibility that our
present theories are as predictively successful as they are 1f their tr:.msempirical
claims are ‘way off beam’. The argument from scientific revolupons has 'the
effect of simply pointing such a realist towards the history of science, which,
allegedly, provides a whole catalogue of theories that were predictively success-
ful, but were none the less quite radically false (or so presently accepted science
tells us).

1.4.4. Realist Rejoinders to these Arguments

It is difficult to see any explicit response in the writings of leadifng realists such
as Richard Boyd to the difficulties in articulating 2 precise notion of ap}?roxi-
mate truth. The implied response seems to be that we have a firm enough mtu:i
tive grip on the notion of truth-likeness not to WOITY about the ft).rrnEI
difficulties. Does the realist have a more systematic response to the apparentiy:
most telling argument—that from scientific revolutions?
There seem to be three moves that realists could make. Firs 'S
argue that accounts of the ‘revolutionary’ discontinuities in scicr.nc; l:a:'!z 8
greatly exaggerated, This might seem a rather desperate measure, um -
argued with some degree of plausibility at least in some cases. I.(t:turr;dv%
example of the elastic solid ‘luminiferous ether’, one stlgg{*;sti?l‘tlg e
for example, in Kitcher (1992)—is that, although the cla.stlc .hﬁ.!l‘- s
indeed rejected by later theories, it in fact was an essentially idle o
of the classical wave theory of light. (No realist shouiFl adv?{}?wsu-
attitude’ towards all theoretical claims, even theoretical clal'ms “.”t _ 1::)10
theories. Some play no effective role and are, in Kitcht_f:rs t‘elgmthe_‘ :
suppositional’. Newton’s assumption that the centre of n";a&;;oqenbefﬁ 2
is at absolute rest is surely a case in point.) Hardin and’ t-ing-"“ o
analysing the same ether example, have made the -mtfllifiscthef
think ultimately unacceptable—suggestion that the |r:1ast|.lcl sc’ e
fact rejected in passing to electromagnetic 1;hegry; rather * ity beed
classical wave theorists had (without of course being aware 0

t, they co
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to the electromagnetic field all along when talking about the elastic solid
ether.

A second move the realist might make is to restrict his realism to those theo-
ries and those theoretical entities for which the history of science provides no
basis for the pessimistic induction. This sort of restricted realist (Jon Dorling,
for example, appears to favour this position) looks at the history of science and,
wherever she believes she can tell a roughly ‘continuous’ story, advocates a real-
ist attitude to the theory that presently stands at the culmination of the story.
Where, however, the discontinuities seem undeniable, such a ‘selective realist’
admits there is no ground for a realist view. So she might be realist about atoms
and electrons, but not about, say, curved spacetime. Aside from issues about
what counts as ‘continuity’ between two different theories, this suggestion
seems ad hoc: no principled reason is given why some ‘revolution” might not in
the future occur regarding some item of scientific ontology that has so far had
an (allegedly) untroubled history.

A third ploy is to try to argue that even where there have been radical dis-
continuities at the most basic theoretical level in some science there is a ‘level’
(below that of the fundamental theories but above the purely empirical) at
which there has been continuity or quasi-continuity despite ‘scientific revolu-
tions’. Consider again the case of the elastic solid luminiferous ether. Freeze the
history of science at the point where Maxwell’s electromagnetic theory with its
primitive electromagnetic field had been accepted. From that vantage-point,
there is an easy explanation of the success of Fresnel’s elastic-ether theory of
light: from the later point of view, Fresnel clearly misidentified the nature of
light, but his theory none the less accurately described not just light’s observ-
able effects but also its structure. There is no elastic solid ether of the kind
‘Biesnel’s theory (problematically but none the less importantly) involved; but
there is an clectromagnetic field. The field is not underpinned by a mechanical

er and in no clear sense ‘approximates’ it. Similarly there are no ‘light waves’

FIeSnel's sense, since these were supposed to consist of the motions of mate-

ef’-r-Parti'cles. None the less disturbances in Maxwell's field do obey for-
fsimilar (in fact, and unusually, mathematically identical) laws to some of
OI.’CYed by the ‘materially’ entirely different elastic disturbances in a
cal medium.

Ui’t.':l)' very much in the spirit of anti-realism—we think of these
. ;(ézlli)g?sas charact.erized by .their ol?servable effects, then we hgve to
sresnel's most basic ontological claim that the vibrations making up

& Vibrations of real material ether-particles subject to elastic restorin
entirely wrong, A change i hp lue of . i< electric f &
B . magter' ; ge in the value of a sui generis electric force
K and cheeoc than“; rpartlclle Er(l)m its equilibrium position are more
 could have b abe real chalk z?nd cheese. Bu'.c if Fresn'el was as
out what oscillates, he was right, not just about
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many optical phenomena, but also that those phenomena depend on the oscil-
lations of something or other at right angles to the light. His theory was more
than empirically adequate, but less than true; instead it was sn‘uctm‘ally‘ C(l)ﬁ’ect,.
There is an important ‘carry-over’ from Fresnel to Maxwell, one at a higher
level than the merely empirical, but it is a carry-over of structure rather than
content. Both Fresnel’s and Maxwell’s theories make the passage of light consist
of wave forms transmitted from place to place, forms obeying the same mathe-
matics. Hence, although the periodic changes which the two theori.es postulate
are ontologically of radically different sorts—in one material particles change
position, in the other field strengths change—there is none the less a structural,
mathematical continuity between the two theories.

This third realist response need not be unacceptably 'W'higgi;h' (Whig
history” allows unbridled use of hindsight and sees everythmg in history as a
cumulative progression towards our present state). This response does not
assert—indeed it explicitly denies—that Fresnel’s theory really amounted to a
subtheory of Maxwell’s all along, that Fresnel’s theory was aiway)s about
Maxwell’s field. Fresnel’s theory itself is not a subtheory of Maxwell’s, but a
structurally identical facsimile of Fresnel’s theory is. And it is the fact that this
facsimile is entailed by the later theory that explains why, from the later van-
tage-point, the empirical predictive success of Fresnel’s theory appeared as no
lucky accident.

This account, in terms of the material falsity, but structural correctness,

of Fresnel’s theory is essentially that given by Poincaré in his .Science a.nd
Hypothesis. The generalization of it—that the structure of ear1.1er theO}'leS
rather than their content is what is retained through revolut1ons~mlgh11
be called ‘structural realism’. This may be the most promising lin§ for t?'le
cealist—though like the other realist responses it certainly faces d1fﬁcu1t1_€{
and needs much farther elaboration. (See the recommended readings
further details.)

2. NATURALIZED PHILOSOPHY
OF SCIENCE

What status do the correct principles of scientific methodology ( o
may turn out to be) have? As indicated above, philosophers ha\l;ee g:ca .
to agree on what these correct principles exactly are; could this g
have had an incorrect view of the sorts of principle they are a1f .
those principles are themselves to be validated‘ét Suppose. O;:ing i
decide that it is a principle of correct scientific, evidential rc_’,asior e atph
accounts of phenomena wel oh less heavily in favour of rl.u-: 111‘u3(': 1:;1:: o
them than do predictive accounts. What status does this prin
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might it be justified if it were challenged? Until recently, the almost universally
held answer would have been that it needs to be justified as an a priori princi-
ple—part of the ‘logic of science’, not itself dependent on any information
provided by science. Itis, however, becoming increasingly common for philoso-
phers of science to argue that methodological principles are themselves part of
the scientific enterprise and reccive empirical justification in the same way as sci-
entific theories.
Kuhn, for example, has claimed that

Rather than being elementary logical or methodol ogical distinctions, which would thus
be prior to the analysis of scientific knowledge, [rules of appraisal] now seem integral
parts of a traditional set of substantive answers to the very questions upon which they
have been deployed. That circularity does not at all invalidate them. But it does make
them parts of a theory and, by doing so, subjects them to the same scrutiny regularly
applied to theories in other fields. (1962: 9)

Larry Laudan is still more explicit:

scientific methodology is itself an empirical discipline which cannot dispense with the
very methods of inquiry whose validity it investigates. Armchair methodology is as ill-
founded as armchair chemistry or physics. (1987: 24)

And Ron Giere explicitly suggests that while the ‘endless dispute’ about the

right account of scientific rationality; the right inductive logic (broadly con-

strued), ‘is generally taken to indicate the difficulty of the problem, it. .. may

[in fact show] . .. that there is something fundamentally mistaken about the

whole enterprise’ (Giere 1988: 37). Philosophers should be looking not for a

priori principles of ‘rationality’, but simply for correct descriptive accounts of
how scientists as a matter of fact operate.

- Philosophers of science nowadays tend to be much better informed than

their predecessors about the details of the sciences they are philosophizing

out, and this, T have no doubt, has led to important improvements in the field.

oI " Il<itcher asks, ‘How could our psychological and biological capacities and

itations fail to be relevant to the study of human knowledge?’ The answer is

y that they could not, Similarly, purely descriptive facts about the history of

IC€ cannot fail to be relevant to philosophy of science. None the less, it’s a

. 57 Fiﬂfrom ‘relevant to’ to ‘constitutive of ; a big step from ‘you won't do

g \1:0 0sophy of science if you don’t know about scientific theories and prac-

tg};losophical claims about science are on a par with scientific theories
0 ht’— assessed in the same way’.
/shall : .
k. biOutlme some of the lures that have tempted some philosophers
1S big step; and raise the issue of whether a fully naturalized view of

p y o.f sciegce can in fact be adopted without abandoning the idea
IS epistemically special.
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2.1. ‘Bpistemology Naturalized’

Perhaps the most celebrated advocate of 'epistcm{)}ugy naturalized’ in recent
times is Quine. Without getting into questions of Quinean scholarship, the
icture that most cOMmMENtarors see as emerging from Quine is as follows. We
should think of all our ‘l-'.smwledge—-mat‘nematical, methodological, and
logical, as well as scientific—as facing experience as a corporate whole. Some
parts of this web of belief’ may be more firmly entrenched, and so harder to
shift, than others, but this is a merely pragmatic issue. All parts—and this
includes methodological and logical claims—are basically on a par. The stimuli
that the external world provides us sometimes force changes in our webs of
belief. There are in principle indefinitely many ways in which we might Im-a}ke
such changes—not only do we have the Duhemian choice berween mo.d1f}rmg
either a core theory oran auxiliary one, we also have the optiorf of modifying a
logical or methodological principle instead of any ‘substantive: one, central or
auxiliary. The changes that are in fact made are governed by the attempt to max-
imize simplicity. There is no reason in principle why, given some‘pamcu'lar l'cl’:?.}:
citrant experience, it should not turn out to be simplest to m(IJd'lfy our arfalyuc.
methodological or logical principles rather than our ‘synthetic,, s‘ubstamwe sci-
entific principles (though there are, no doubt, as a matter of fact rather few
cases of this kind compared to cases in which it turns out to be simplest to mod-
ify a non-“central’, ‘synthetic’ assumption). .
An obvious question arises about this view. Suppose we start off with ‘web of
belief,’; this is bombarded with some initially recalcitrant experiences, and we

switch to web of belief, as the simplest available modification. Is the crite‘nontgz'
simplicity itself 2 web-of-belief-dependent notion or does it stand outside tHES

webs as an independent, unjudged judge? .
If the former, then, having adopted web of belief, (complete with su‘np‘lic 5
notion,), we shall no doubt be able to justify that web as the simplest avall:s {
modified system; but that justification is interna\—-depm?dcnt on n.::lem;lss
the web itself. If simplicity is simply simplicity-as-scen-lrum—wuhm-ag' .
belief, then of course there is the possibility that some other group of 1
gators adopting a quite different notion of simplicity might pl‘Cfﬂ_l' ‘; "ae
different web of belief; as replacement for web of belief;. No 1f¢ ep
reason to think the majority right and this minority wrong could

This is relativism.

If, on the other hand, we want to claim that there is an 09
right and wrong in these cases—that it is, say, ojbjcctive‘ly Sllmp]d
tivity theory than to explain the null result of the. Mlc.he SE:; i
ment by sticking to classical physics and adopting ic - plict
contraction hypothesis—then we must regard the crltenOl.l 0 S parde
as outside the war. Some part of methodology and logic must be 1€&

bjective, indepe
ler to 240
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leged (and therefore not on a par with our substantive beliefs) if relativism is to
be avoided. And to regard some part of methodology and logic as privileged
and so not on a par with our substantive beliefs is exactly to deny (fully fledged)
naturalism. It seems that if this Quinean position is fully naturalized, then it
entails relativism of standards; and conversely if the position endorses the idea

that one scientific shift may be objectively preferrable to alternative shifts, then
it is not fully naturalized.

».2. Scientific ‘Reductions’ of Philosophy of Science

There are several arguments in the recent literature along the following lines.
First, the idea of a special scientific rationality is deeply suspect, if only because
so many philosophers have iried to articulate it and have produced so little con-
sensus. Secondly, we should draw the obvious conclusion from this—namely
that there is no such defensible notion. Thirdly, this might seem to lead
inevitably to historical and community relativism—people, groups who hold
beliefs at odds with ours, cannot legitimately be held to have irrational,
mistaken beliefs, but merely a different (not in any sense worse) belief system.
But, fourthly, this is not in fact so, because science itself supplies us with all sorts
of reliable information about how accurately to gather information, how accu-
rately to create knowledge.

One forceful (and admirably clear) representative of this line of argument is
Ron Giere. According to Giere (1988), the ‘endless dispute’ about the right
account of scientific rationality ‘is generally taken to indicate the difficulty of
the problem, But it may also be taken as a basis for suspecting that there is
-something fundamentally mistaken about the whole enterprise’. This is a con-
glusicm drawn also by social constructivists such as David Bloor; and Giere is
gite clear that the constructivists end up in an inescapable and entirely unac-
table relativism, according to which there is no ‘objective’ preference order-

-' Of _SCientiﬁc theories given the evidence but only different orderings

g thg on one’s social circumstances. However, such relativism is not an

3 t:le' consequence for the naturalizer: “There is [indeed] something impor-
nissing from the sociological account. [But tihat something is not ratio-

_ _bUt .causal interaction between scientists and the world. ... There is a

‘., avoid relativism without appeal to ‘standards’ at all. This is to focus on

" f;";'ils; z‘llecnht EB t'hose involved in rep'resentation agd judgment, Which

e - branc}iSSf (1988‘2 56). Thus phﬂos.ophy of science should in fallct

& psychological bCOgmtwe science—using our knowledge ‘of the b10.-

Bpedand cerisés (Lf our cogpitive processes to expla‘m how sci-

largely [ avoidzgl theories have be?l’.l accepFed. Qn this approach

, [since wle know [sic] on biological grounds that
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’ . . B
imi entists

the processes of representation and judgment are similar for most sct

et stand out. First, we will surely

i em O
s for this approach seem : / . )
flicting sets of standards for ‘good science on this

doubt implicitly) restricting in advance
juine scientist. No doubt we could get
i ier 5o arrive at sensible
close to the rough consensus envisaged by Giere (and atla.o and e At
appraisal rules) by studying the ‘processes of 1-epres_cntauqn al jt C%Uded i
‘["Erzavton Maxwell Rinstein, and the like. But what if the list aiso in :
¥ [ . : i 'he leading proponents
likes of Immanuel Velikovsky, or Duane T. Gish (one of the leading propone
5 , ; ‘e not ‘proper scien-
of ‘scientific’ creationism)? The response that the latter are no 12_. ; }:Cfm.d-m
tists’ Icarries of course normative or evaluative baggage— nEt prfogt o ana%
to which criteria? This suggestion for naturalizing phdos,calg yo e
gesti cadi turalize ethics: to art X
tion that we can readily na
ogous to the suggestion : ; s
rfct account of ethical principles simply describe how pec;plc :as‘f ——
make moral judgements and decisions (though be careful to restrict yours
a1 -l
j isions of moral saints!). -
he judgements and decisions ' e
t Slecoidly there is a slightly less obvious and so perhaps ?c);e msndE -
' : itive sCi ! .
of relativism inherent in the approach. Cognitive suené:e, fn?;g%y w dc};acribe
ists of this stripe recommend We
whatever naturalists 0 com e
o | interaction between the scientist and the world that prod

heories. We do not simply observe

urse, in a set of t mply obieg
theories tell us about them. These theories

Several problem
avoid describing different, con
approach only by heavily (though no
our choice of who is to count as 2 g€l

olog
the sorts of causa
knowledge consists, of co

 causal interactions: .
he relevant causal interaction ; . m. These theot
;rcsumably well supported by the evidence (or at any rate better supp

¢ ible rival ones which
than rivals). Why accept those theories rather than other poss;ﬁf mf-ia- gt
: i a dilemma: £
would give us different accounts of knowledge? Agzll-lm we lfa'::;, n: "
: i i xmselve : >
- to thi ion is that these theories themse :
answer to this question 18 ! ves e
in some objective sense—in which case we avoid relativism 'L;Litl :alizedycrit <3
i i -alism is a non-n 4
itting t this alleged naturalism is a ra
admitting that underlying sm s i
of the tiditional philosophical sort; or the theories of Z(:g} i
whatever) that underpin this account of knmf.fledge haw;:) nt i‘flho.thers e
selves: all we can say is that some people behgve them_. En- f o owledit
ferently and hence give a different cognitive science acml.l o again P
that is equally legitimate. This second horn of the di

relativism.

a History of Science
iti chology O *
s based, not on cognitive ps:lji’he o

istory of science.
on the history e mostll At

2.3. Ways into Naturalism vi

A final way into naturalism i

ienti instead
scientific theory, but ins : .
Kuhnian claim that even if we restrict ourselves
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good science, we do as a matter of fact find changes in methodological
principles from era to era (or paradigm to paradigm). Accepted so-called
methodological standards are, historically speaking, no less paradigm-
dependent than other more obviously substantive assumptions about the
world. This at least makes the claim that methodological principles are a priori
unattractive.

If, however, we draw the obvious conclusion that this reflects an absence
of such absolute standards, then this seems to open the door to relativism
even more explicitly than in the other approaches. If even the standards

i for judging good science are paradigm-specific, changing with changing
paradigm, then nothing stays fixed on the basis of which a judgement of cogni-
tive improvement can be made ‘from outside’. If scientists switch, then, of
course, having already adopted the new paradigm, they see their new position

X as an improvement. But if on the contrary they stick with the old paradigm,
then they judge—perfectly correctly from the point of view of the standards
which they still hold—that the new theory is inferior to the one they already
have.

There is a good deal of plausibility in some of Kuhn's examples of ‘method-
ological change’, but they all involve taking a very broad view of what counts as
amethodological principle. Of course ‘methodology” is a very loose term. If we
regard any principle that constrains the sort of theory scientists prefer now or
have preferred at a given stage in science, then there are undoubtedly changes
in methodology. One fairly obvious example is that in the eighteenth century,
82y, it would have been taken as an implicit requirement on any theory of some
ange of physical phenomena that it be deterministic, but nowadays, with the
SHEcess of quantum mechanics, this is no longer so. But such changes in ‘big
o thodology' do not imply that there have been changes in even the basic for-
smatprinciples of theory preference (such as that inconsistent theories are unac-
ble, theories should not be accepted before being tested against plausible
and so on). Indeed the obvious way to explain why science no longer
ds deterministic theories is by showing why it is that indeterministic

mechanics is such a hugely successful theory—according to these basic
Akprinciples of theory preference.

e, none the less, many interesting defences of ‘naturalized’ views

P Recent literature, Larry Laudan in particular has argued explicitly that

iy i_l_!it-ll-::; gl]fldittiwt:lo]ogy is.p'art and par‘cell of science can be defend.ed

- g into relat%wsm or sacrificing the normative, evaluative

090l0gy. And various philosophers, Philip Kitcher as well as
t:’g};z‘r’i:;gued the;t the circle apparent in the naFura.lized vie\.v~

k. articulatiartt}? of science as constituting genuine mfor'matlon.

M. Readers wish'e standards for genuine information—is not a

ng to know more about this fascinating and

[IEL
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still very much open feld will find a guide to the relevant literature in
the Bibliography.

3. PHILOSOPHICAL PROBLEMS OF
CURRENT SCIENCE

Whether or not philosophy of science can be .fu.l]y ‘nat?n‘ali'z.cd ‘.:hcth:: co:) ;19t
it can be considered itself as part of science, itis ce.:rtamly true t TL 3? i t-gs
most interesting problems involve close consxdg ration of thle details 0 ;1; C;E?ll nct
theories. In particular many of the m{?st fas.cmam.ug .pro.b cmar:,la:ﬁ ! theor(i,es
philosophy of science concern foundational issues in curt ent ;cw o m_areé Ir;
In this final section I shall try to give a flavour of this sort oblpro le m

Section 3.1, 1 consider in outline the mea§urem§nt pro em. 1n. quantum
mechanics; in Section 3.2 [ consider two part1cu1ar issues that arise in connec-

tion with the (neo-)Darwinian theory of evolution.

3.1. The Measurement Problem in Quantum Mechanics

Is quantum mechanics a coherent thcory?‘ Bxactly how much _9f ;f{:;{;lﬁ:::;f:;
our dassical ways of thinking is necessitated b'y at:’.cl:epFam.‘c‘( i
i - i -hnicalities is of course necessary
Although mastery of a range of demanding tec nicalitiesiz of couree
for a full appreciation 0 f the issues he re, the most central ques
dated using rather little technical machinery.
Stated at its most abstract, quantu : ‘ :
atany instant a quantum state; and it supplies two Ilules f?r L
that state will evolve over time. One of thcfse——the ‘%L o g
entirely deterministic: it dictates that, left to lta'-‘.{:lf and given t in'etm- ﬁme o
it and the constraints governing it, the system's state at some a‘ﬁ e
a specific function of its state at time L. T.he Other.nﬂg?.t-l?}lforythe o
jection postulate—is indeterministic: 1tld1ctates probabi qu: o il
various possible measurements that might.be made 01‘1 a )fmtc
instant the measurement is made, ina parnculat.' quar!tull? §0 qo‘me o8
[f a system happens 10 be in a special state Wltl‘l ;e:.pt,élolf ﬂ:w igenstdl
say position, at the time that observable is measu_:l e‘ (ﬁi o o
the operator corresponding to that ubser?ablc), t 1(—..11’ e g i
probability is unity that a specific value of the ()bSEl‘Vd) -qib;c o s ofit
of that eigenstate) will in fact be observed, all otl'_le? p-(h?ht e cigeD
able therefore having zero probability. For any state t iwabic L
the particular operator corresponding to the b()b:i; o il have®
a range of different possible values of the obse

probabilities.

m theory ascribes to each physical systetit
aws that govern how
dinger equation=—is
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If no measurement is in fact made on the system at time t, then the theory
entails that the system’s state will continue to evolve in accordance with the
Schrodinger equation: the probabilities for various possible outcomes of the
observation at t then simply being the probabilities that those outcomes would
have had if (counterfactually) an observation had been made at t. Suppose,
however, a measurement is made at ¢ on a system not then in an eigenstate of
the corresponding operator. This measurement will produce some particular
result—if the system consists of a single electron and the observable is position,
then the electron will be detected at some particular position. According to
quantum theory, the system will now be in the position-eigenstate correspond-
ing to whatever value of position was in fact measured. This means that if that
same position measurement were to be repeated immediately, then it would,
with probability one, produce exactly the same result. The system is ‘thrown’
discontinuously into an eigenstate of the corresponding operator by the initial
measurement (this is the so-called “collapse of the wave packet’). Hence an
immediately repeated observation of the same observable would (with proba-
bility one) produce the same result.

Can the indeterministic, probabilistic nature of quantum mechanics involved
in the projection postulate be regarded as simply a reflection of our ignorance
of the true state of the system? Suppose we are experimenting on some single
particle, say an electron. Its initial state (dictated by its method of preparation)
evolves over time and at some particular time—a time when its state is not an
eigenstate of position—we make a position measurement on it. Suppose that

\the electron is in fact observed at a particular position x. The state of the elec-
tron at the time the observation was made specifies a probability (neither zero
HOr one) that the observation would produce the value x that it has in fact pro-
dliced. Can we assume that the electron did in reality already have the position
Which the measurement simply revealed, the probabilistic element of the
tum state description thus simply coding our ignorance of its detailed posi-
_ahead of the measurement?
'}ﬁ?rt’unately (at any rate for conceptual conservatives) the answer is defi-
. 00", If quantum mechanics is correct —and masses of striking experi-
?es'ults support it—then the world is really radically different from the
WIERL picture. We have to get used to the idea that electrons, for example,
= @ perfectly definite sense—be at a given time everywhere and
= '?sffl;le(:leSQI'xtcclly) c?assic illustration of this feature of quantum
sl wo-slit experiment.

d}i{:trons are fired in random directions from some point-source at
seécgithc.re are [W(.) small slits symfnetricaliy plac.cd \\{ith respect to

BUIe 4.1). Quantum mechanics (correctly) implies that if the
M which electrons arrive at the various points on the observation

S Tecarded ¢ g ; .
| »then the result will be the ‘interference pattern’ illustrated

Z
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1 the electrons are observed at the

hey are observed as discrete scintillatil(-lmsf—a;:rhi?;z;l:‘
s: if they had definite positions throug out ( .esum.qbl
positions were), then each of them must p1ha 3 e?:
slit 1 or come through slit 2 in arriving at t e scre

| that if we could first just take the elec-

ived at the screen,
1s that came through slit 1 alone and record where thcf- arri 101 o i
W - € ’ - - d
lf;’:{ then could take the electrons that came t'nrolug."hdz1 11i 2t };le 5 i
a - md -n a e
; he screen, and then Simply oy o
here they arrived at t : - ect as in the orig-
::ngle slit g;-equencies we would get exactly the sam$ toctial. ;f; gm b ﬂ%‘:
2 S inde realized— §
. i : rocess can indeed be 5
a1 two-slit case. But this p : Ly he observation
maleriment with slit 2 closed and recording the scmullauonsh at Ft Sa—-
o and then running the experiment for the same 1"“55“ 10 hich electrons
i y © . P ic
5';“‘-"33 (see Fig. 4.1, curves 2). The observed frequencies With WA I;l two-stage
. se . 4.1, & = - H scond, two-
;i the various points of the observation screen in It‘r.us sec 1.1 el \:1::;0:::;
ponsi of course the direct sum of the two individual slit leqlcllt- .
s : - i en
); but this is an entirely different result from that obtained W
?
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in the figure, curve I. This is strange: wher
observation screen, t
with definite position
not we knew what those
have either come through :
{from the source; but this seems to ental

experiment 1

(Fig. 4.1, curve 3 1
both slits are open at the same time.

i Observation
Double-slit -
screen

Electron gun

: e fpcqucn
F I s Curve in dicates th
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t 2 is open for the res

encies obtain€

slits are open. The curves in .
¢ of the GME

(by only the lower slit is open. C

1 is open for half the time, then only sl
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The electrons in the experiment in which both slits are open cannot, it seems,
be said to have arrived at the observation screen by either going through slit 1 or
going through slit 2. Instead the electrons that pass through the double slit are,
according to quantum mechanics, in a superposition of passing through slit 1 and
passing through slit 2; and this superposed state cannot be simply an expression
of our ignorance of which slit they ‘really’ passed through, because the fact that
the quantum state is this superposition has real physical effects. (As you would
expect from the above, quantum theory implies that if, for example, you set up
some recording device for electrons behind each slit, then there would indeed
be one electron recorded at one or other of these devices for every electron
emitted from the source and eventually recorded at the observation screen, but
the introduction of these devices would result in the final outcome being, as in
the two-stage single-slit experiment, the direct sum of the two one-slit frequen-
cies. The recording devices ‘force’ the electrons initially in a superposed state
into eigenstates corresponding either to passing through slit 1 or passing
through slit 2, and hence destroy the ‘interference effects’.)

So, assuming of course that quantum mechanics is correct, we have to get
used to the extremely strange idea of superposition. And systems are always in

superpositions for some observables. Any quantum system in an eigenstate for
one observable—so that the system in that sense has a ‘definite value’ of that

observable (though remember that only means that a measurement of that
observable will produce a that value with probability one)—will not at the same
time be in an eigenstate for another complementary observable. For example, if
an electron’s position has been measured, so that it is, momentarily, in the
gigenstate corresponding to its measured position, then it is inevitably in a
Stperposition of momentum states. And, again, this superposition cannot be
nterpreted as meaning that, although the electron has a definite momentum,

do not know what momentum (and therefore what velocity) that is.
0I5 there any reason, though, why the ‘strangeness” of the idea of superposi-
; should mean that quantum theory is incoherent—that it cannot be re-
e das a theory that is to be interpreted realistically? After all, science has
bin this situation often enough before. The Newtonian idea of gravity asan
"ﬂ'_f-a-djs.tanct: force, for example, was often charged with incoherence
Bes !r.ltrocluced (or, at best, as a throwback to pre-scientific, magical
thinking). Even Newton himself was unhappy with the notion and
: “_mmal‘iy to ‘reduce’ gravity to some sort of mechanistic medium
i C_Ontlnum.i failure to develop an (independently testable) mechanistic
heaoée%;::tllty inﬁ};e end led to the‘ qt}ifet acceptance that this notiop
inneed of a}I'IW: 1 e regard.ed as primitive—a bas.1c feature of the uni-
™ SCientist}s, }llipdananon in terms ,Of an underlymg mechan1§m, And
(@0t becayse i 2 stopped‘ worrying .abo'ut gravity as action-at-a-
got any less ‘strange” objectively speaking, but simply
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because they got used to having the idea around), then further developments in
science—notably Coulomb’s electrostatic force—were happily based on action-
at-a-distance ideas. Similarly, when Maxwell’s idea of the electromagnetic field
was first introduced, it was assumed—as almost a foregone conclusion (even by
Maxwell himself)—thatit eventually would have to be explained in terms of the
antecedently ‘understood’ notion of a mechanical ether. Thatis, it was assumed
that the varying electric and magnetic forces at each point in space could not be
regarded as sui generis (after all, who had thought of such strange ideas before?),
but would instead have to be accounted for as the results of some complicated
contortions of a mechanical medium that fills space. Again the eventual out-
come was that various attempts to ‘veduce’ the electromagnetic field to the
ether failed, and scientists quietly came to regard thisas a non-problem: that is,
they came to see N0 obstacle to regarding the field as a primitive, basic notion
that requires no further explanation. Is there any reason why familiarity should
not eventually engineer a similar fate for quantum superposition?
No reason at all, so I would argue, i if strangeness were the only problem. The
fact that we find certain notions strangc just means that they conflict with our

deas (ideas that themselves have lost their strangeness only through
n with quantum theory. The problem,
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previous i
longevity). But there is an extra probler
the so-called measurement problem, is that, supposing the theory to be gener-

ally applicable, its tWO basic principles seem 1O be in outright conflict—they
have contradictory implications about certain observable situations.

Here's how that comes about. If quantum theory applies generally, thenuit
applies 1o ‘macroscopic’ objects as well as to ‘microscopic” ones (0r, rather, no
such distinction is made by the theory). It might seem counter-intuitive to thif
cricket balls, no less than electrons, as in superposed states. "This would
le, that a cricket ball with a definite position has an ‘uncertain’
momentum (where this very unfortunate term must be taken to mean, reme_ﬂ?‘-
ber, not that the theory cannot predict exactly what the 1
rather that the ball has no definite momentum). But velocity is jus
divided by mass and surely cricket balls in definite positions do have defi
velocities? Well, if quantum theory is generally applicable, then it does URASE
biguously entail that there is an ‘uncertainty’ in the momentum, and hence =
the velocity, of the cricket ball with a definite position. But the fact that the b
d to that of an electron means that, unlike o
y uncertainty is too small to be observab

1 1 (1
lash with everyday experience. (Like many =
d—but it does seem [0

of, say,
entail, for examp
nomentum is,

mass is enormous compare
the electron, the ball's velocit
hence means that thereisnoc
in quantum theory, this is not universally accepte
general view.)

But if quantum theory applies to
tum states to ‘macroscopic abjects,
cantly, systems consisting of measuring in

i i ig
‘macroscopic’ systems: if it assn_ _
then measuring instrumenlts. aliy

struments plus, say, St

but
¢ momentun
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o quantum theory (‘spin’ for h
- ! ! y (‘spin’ for example), but again
observabiesu\:m;ll;:onam' Just in order to have names for them let"sgcall ::C

je=r d ) ealth and age, the first having the two possible value; rich and .

T;l.a;n the two possible values young and old RIRCRRE
e fact that these ¢ :

. fSL are complementary observables entails, remember, that

g ,r.aa)c/i‘rzch ((Jt‘,‘ more precisely, is in a state that will produce.Wirh

ina superpositior L"; ing of rich on a wealth detector) has no age—it is instead

we shall sﬁPliJOSeIIO 13’0““8 A e s S ;:“f; i

) . «

. < 10 : s here) a half chance of being produced by an age me

B th}:z{;:e.lt 1en thf]l: we do indeed have a perfect wealth-def,ector N

L ‘tails are of no significance, all that w: d i

detector has, say, two lights, one gr ~we need to know is that the

B ehis o0l o i o - f—_glﬂe'ﬂ, one red, and that if an electron that is in

Bione’. but th r e green light invariably flashes (really ‘flashes with prob

- 1 a N ] R « t -

dinto the detect wrinkle too won't matter here), while if a poor el P i

; etector, the red light invariz peteeionh
B ght invariably flashes.
ectron is just about

\ate: T to enter an acti g

Stever the details of the state of the overall syst 1 at_.uvated wealth-detector.

Sgenstate of both the operators ( W”ia " o et

s (machine- :
Hantum theory is empirically ad chine-)ready and (electron-)rich; and
6 must imply that, once .ya equate and gets results like this right, the
d'into STl al; nce the electron is in the detector, that state has

3 eigenstate - oreen li e e :

1and if 5 poor electron is about tb"”f el gt e o
o enter the detector, then the evolution

A state that
atis an eigc
*nstate for re
tlight and poor. r ready and poor to one that is an eigenstate

2 Imppf)se that an electron
__étamct’;'that same actiy
. ned system at
Eready and o]q. W

- \:,l;z;t;iikfm\? (becausa:e of its preparation)
i theleclln?g ma‘chme. The initial state
. d()esc e electron is about to enter is an

quantum mechanics say will happen to




||
'|r

John Worrall
254 N I'
ers t 1e? Relative
he combined system’s state when the old electron enters the mic-h}l: o
e : i i 5 21 5 ~L [ . €
ttc:a the wealth observable, the electron is in a super Pmed state W J;c ; gr;rhc o
hance of it measuring rich and a half chance of it 1*1‘16?.?1.[1111%} 0 .j it ;md
claif: of the whole system therefore is a superposition Ot ready-ric
.

ready—poor. In fact

1= (e/ 2 + (1 2)he

where |, is the eigenstate for ready-rich and |, ‘Lhalsﬁ],rrggi?_?oééuatign_—tells

The first principle of quantum theory—t e‘ c ;1 - fhh-detectot At
us what will happen to IT as the el_cctmn enters t .P: it n.o S

» don’t know exactly what state IT is, and therefore ther e R
rLfL:\l solution of the equation. But e qnly need -flmg i(;:::e 'TT=(1H'I2)!11
KT ion, namely that it is linear. This means that, e
that SARte 4 since we already know how L and |1, evolve in the circu
+ (1/2)Wa, a0 st(r:.;ndy » £ green light—rich and red light-
stances at issue

- the details, be of the
poor respectively), the time evo ever

form |
z=0@/ le)grefn light-rich + (1/y2)re

to eigenstates O
lution of TT must, what

d light—poor.
es with notation here, but I trust the message lf; Icle:;)
tion predicts that IT will, in thescﬂctcu::;{:; a;
change into Z. | shall return to what this v‘neans ina mome;;mrufthc pmjec.
we shall see next, is that the second pl‘li‘nClF‘)lt? of quantum theory
tio-n posmlate——preclicts SOITICthil:lg quite ‘dxi’?cra.-c:t. o siscte
e i - SPCGﬁ'?:t- 0(:'"i rggs\ieit;l of an electron in stat€
ector, is of course a measureme : g
ﬁ;ﬁi:)me projection postulate applies and it says 12;}; Z:chisc a
here, is no eigenstate of wealth, the measurement ; hen.ce i -
probabilistic) change of the state of the electrfm alr} Lhence O eigensias
measuring device into either the eigenstate green ‘|.g1l-t nc_;dic[ed e orole
light—poor (each with probability one-}.mlf). This resu uﬁr i o whendd
tion postulate is the actual result: that is, on any p?rt;-; ctc g
electron is fed into the wealth-deFecmr thequh el -
flashes or the red one does and in mt‘r?er caser i t e ;:in' s
diately remeasured, then the same light flaah‘csl ;imc'{mns'being
experiment is run many times, lots and lots .of 0 o en light (auhesit
wealth-detector, then, on average, half the time the g :
the time the red light flashes. ="

The state = that the overall system must be in Zsiti(m g
equation is, on the contrary, a very .stralnge glt};;rrg o o fact 0
and red light flashing;: for a system in state -
whether it is the green or the red light that tlashes.

(1am taking lots of liberti
So the Schrodinger equa

on into a wealth=

IL

ng to the §C

I1, the initial state
ontinuous (and’

[ Philosophy and the Natural Sciences 255

This conflict between the two basic principles of quantum mechanics—the
conflict brought about at root by the fact that the projection postulate gives a
special role to ‘measurements’, while the Schrdinger equation applies in prin-
ciple to all objects including so-called measuring devices—is ‘the measurement
problem’. It seems to show that quantum mechanics, as it stands, and for all its
empirical success, cannot be generally correct.

The problem, as many readers will have recognized, is related to the famous
Schrédinger cat problem. But I leave readers to satisfy their curiosity about the
cat—and indeed about whether it was curiosity that killed it—via the recom-
mended readings for this section (e.g. Albert 1992; Healey 1989). These also con-
tain discussions of a range of further fascinating logical and foundational issues
raised by quantum mechanics.

3.2. Fallacies about Fitness

3.2.1. Is Darwinian Theory Based on a Tautology?

The second area of current science that raises interesting methodological and
philosophical issues, some of which I want to outline, is the Darwinian theory
of evolution. (This theory is still, of course, very much alive in current biology
in the form of the ‘neo-Darwinian synthesis’—basically Darwin, plus Mendel,
plus lots of more recent modifications and extensions. )

Charles Darwin himself never used the phrase ‘survival of the fittest”. This
ﬂOgan was instead coined by Herbert Spencer. None the less, it is—for good or
!‘S_m'mtly) ill—often thought of as capturing Darwin’s leading idea. At various
Stages throughout the career of evolutionary theory, discussion of its creden-
Halshas been bedevilled by the charge that the idea is in fact nothing more than
1tology: Darwin claims that it is the fittest organisms that survive; but
organisms are the fittest>— those that survive.
ﬂﬁ'_t_)rganism’s fitness is not about survival as an end in itself but survival as a
8 of reproduction. But this threatens merely to redefine the difficulty
t%lan eliminate it: if survival of an organism involves representation in
:f“z% fresrel;a?;(iio'r;s }(10f the o'rga’nism's genes rather than of the organism

B i t € organism’s ﬁtrfess were measured by the number of
» then “the fittest survive threatens to reduce to the claim that
'-’Bdi:,zhat lee“.re the most offspring are the ones that are most heavily
- iSucceeding generations.
A€ in fact a number of ind
€E Of the acruy] inde

i 0;& u_;.l number

: pring th

Cig

pendent reasons why fitness cannot simply
of an organism’s offspring (or even of the
e ::t Fh.emsclvcs reach reproductive a}ge)‘ (‘Z'onsi.der
RSt 2oy i u:x such 1'easo‘n) tWO monozygotic twin chim-

ach sexual maturity, chewing on two opposite ends
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1gle when lightning strikes one of the

of the same (long) shoot in the same jur
chimps dead, while the other survives (a little singed but essentially unscathed)
to produce numerous offspring. Same genes, same environment—mere ac-
cident that one has many offspring, the other none: it would clearly be absurd
to suggest that the surviving chimp had greater fitness than the other. As Mills
and Beatty (1979) make clear, Darwinian fitness (if indeed it can properly be
applied to individual organisms at all) is a dispositional or probabilistic notion:
fitness is to do not with actual, but with expected, number of offspring—each of
the chimps in this story has the same expected number of offspring, but an
external chance event intervenes to make the actual numbers of offspring
different.

This consideration, on its own, shows that the claim that the fittest survive

cannot be merely analytic. To see this, suppose we have a range of coins with
various biases giving them dispositions to produce heads varying from o.5 (no
bias) to 0.9 (heavy bias towards heads). Suppose that all the coins are tossed
together some large number of times; the statement ‘the coin which produced
the largest number of heads was the most strongly biased one” may well be fac-
tually false, and so can scarcely be analytically true.

This consideration also shows that evolutionary theory cannot really be com-
mitted to the idea that all evolutionary changes are brought about by natural
selection. It must (and of course does) allow for the possibility of various
chance changes. Nor are chance and natural selection the only possibilities: 2
trait exhibited by an apparently successful species may be neither an adaptation
(that is, a trait that itself yields its bearer greater expected fitness than if it were
absent) nor merely present by chance. It might, for example, itself be evolu
tionarily neutral, but tied (by physico-chemical processes within the organisim)
to some trait that does have selective value: trait T may be selectively neutral;
but the genes that code for trait T' (which
also produce T, as a ‘side-effect’.

Darwinian theory is altogether more complex and
of its critics like to acknowledge. But this complexity itse =
challenging and interesting criticism that perhaps underlies the tautology G_‘b) :
tion. Accepting that fitness is expected reproductive success, how exaCﬂ'Y v
be identified independently of observed facts about reproduction? Is:n.t it
easy to conjecture possible ways in which a trait might prove of selecuVEHE
Given that there is an enormous range of possible ways in whid.l a tralb i
prove of selective value to an organism, and given that Darwinians 3”,, :
means committed to regarding every observed trait in an apparﬂﬂtl}’ "”

species as an adaptation—as itself contributing to greater I-imess—'ar-‘:l:a 3
a position of ‘heads I win, tails you lose’? If some particular a";tem_pt -
csh _ . g difficultiess
the presence of some feature of some organism runs into vl
always lots of other possibilities to hand. In other words, the serO

sophisticated than som
If suggests the m

does have a selective advantage) mays
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3-2.2. Is Darwinian Theory Empirically Testable?
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full E:meszlc(i) p Wss ra.lsed early in the career of Darwin’s theory by his wond
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th ; ; ) 1 Da In can gl (< gOOd reason for both reSultS. (quoted

Nor SUEPrisingly, this
- : A charge h 0
l.sm' The leading ‘s BeLhas. been. seizedy on by modern critics of
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d anything so highly theoretical possibly be demou‘s} e
ble’ if this just means that there are state.menta that w

nd that are inconsistent with it (the theory's
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edge’.) Once the lichens are gone, the tree trunks are uniformly dark. The
speckled moths are less visible than the melanic ones against a lichen-covered
bark, but the melanic variants are better camouflaged against the uniformly
dark trunks. In general, better camouflage is a selective advantage since it
lessens the risk of predation. The theory then is that the increased frequency of
the melanic form of the moth in industrial areas is explained by its decreased
visibility against tree trunks.

Some parts of this account come with independent support, but must the
account as a whole be left as a mere possible explanation? Kettlewell performed
experiments, capturing moths of both speckled and melanic forms, marking
them, and then releasing them in areas with different degrees of industrializa-
tion. He later used a night-light trap to capture moths and noted the relative fre-
quencies of the two variants amongst the marked moths that were recaptured.
In industrialized areas, a greater proportion of the speckled moths were ‘miss-
ing, presumed dead’. Rather than leave predation as a mere possibility,
Kettlewell watched individual moths through binoculars after release and
observed that some of them were indeed eaten, while resting on tree trunks,
principally by robins and hedge-sparrows. Moreover, he performed other ex-
periments which gave more support to this specific explanation by under-
mining alternatives. One alternative possibility, for example, would be that the
melanic moths for some reason have greater fertility in industrialized areas.
Kettlewell did experiments on the relative fertilities of the two kinds of moth
reared in different environments and ruled out this alternative.

The case of Kettlewell’s moths is deservedly famous because the evidence is
80 direct and compelling that it is often presented as a demonstration of natural
ction at work. It shows that the way to counter the criticism that Darwin’s
Meory is untestable is not by trying to argue that the basic postulates have
(Sperimentally decidable consequences, but instead to show that the basic
_ inian ideas can be, and have been, supplemented by various specific

Wptions in such a way that the overall theoretical system thus created has
._ ant independent empirical support.
ther cases are, unsurprisingly, less clear-cut: often there is evidence but it is
$€What less direct; in some cases there are plausible Darwinian accounts but
. -.PEn"ient support. Although critics like to latch onto the latter kind of
* 18 again nothing special about Darwinian theory in this regard. All
::a[zilllysics as well as biqlogy—face anomalies ‘th.at they can, at any
@Y, account for only in an ad hoc way, permitting no independent
G::":;:)hfi r?llt;h explanations is simply derivgtive on the power.of other
POt So, for exeasarrlle programme or paradigm that do have.lnd.epen—
Beer, centurmp e, ther(? is no doubt that the best explanatlgn in the
i y of the failure to observe stellar parallax (a difference
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Positions of stars at different times of the year) was the
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parallax—the earth revolves around

Copernican one that there must indeed be
the sun and therefore the angular separation of a given pair of fixed stars will be
different depending on where the earth is relative to them—but the distance of
the stars from the solar system is so great that, although the parallax is real, it is
too small to be detected with available instruments. This explanation is, taken
by itself, entirely ad hoc—there was no independent evidence about the distance
of the stars from the sun; the assumption was made exactly so as to deliver the
known fact of no observable parallax within the Copernican system. None the
less it was the best available explanation, because the Copernican system was,
unlike its Prolemaic rival, independently testable and independently confirmed
by other phenomena (such as planetary stations and retrogressions). (And by the
seventeenth century the Tychonic third way had dropped out as a serious con-
tender for other reasons.) Theories, having been significantly independently
confirmed in various areas, assume the right (temporarily of course) to provide
the best available scientific explanation even in other areas where they cannot
be independently supported, Darwinian theory, similarly, has been indepen-
dently confirmed in a striking aumber of cases, and hence wins the right to
supply the best explanations that can presently be provided even in areas where

it is not directly and independently testable.
In sum, doubts about the testability of Darwinian theory turn out to be

insubstantial.

3.2.3. Adaptation, Teleology, and Explanation
The second logical issue that I want to raise about evolutionary theor
cerns precisely such ‘adaptationist explanations’ as the one
Kettlewell. Why have melanic moths become more prev
areas? Because their colouring provides better camouflag
industrial effluent has killed the lichens on tree bar
the trees; and this means that the moth is less susceptible to predation ¢
original speckled form. It is standard to think of explanations as answers:
‘why’ questions. The above seems to be a good answer to a “why’ question:
htforwardly turned into an explanation of the colo

can, it appears, be straig -
tion of melanic moths. Why are these moths black? In order to help

predation. ;
This second explanation accounts for the presence of a trait by stating
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ences. We would, for example, hardly look for an explanation of !1ght S

om one medium into an®

of being (partially) reflected when passing fr se
terms of the value this property has for light. Instead, thc‘P.mperty il b
by showing that more fundamental laws plus initial conditions €1

y con-.
provided by
alent in industrial
e in areas where

ks and hence darkened
han.

Philosophy and the Natural Sciences 26
I

must exhibit the pro —
erty’s causal anteEedEflig (the explanation is in terms, if you like, of the prop-

Do, then, adaptationist accounts form .
explanation di . an equally legitimate pattern
e i fom g o e e e O
I e ey rather. thzr:p;(f)éac?sr t{})}l:ltce—holders .for the real
uncover? science will eventually

Suppose that
throupg% hich th:’;giiica con}:p’lete theory of the biochemical pathways
ing. Suppose that we had aT:;;le%:rii?;?caalie_up Pdequ is e ours
that firs . account of how the mutati
. th;f;ggligesi ilee melanism occu'rred and of the subsequent matilrllzgzz
then have, it would seerlzlr esent population that we are interested in. We should
ing of this population of I,na 1Complete aGecHn of the causes of the dark colour-
because they have geneti e am.c mpths. ("These moths have the dark colouring
B o chviron Ii : net ic constitution G and because G plus biochemistry plus
- S }flzntaﬂs the darllg colour; moreover, they have genetic
R —— ey are relats—:d in the following ways to a moth whose
W hat we Wa;ncl)(ril M at time t (who in turn was related to a moth
an answer to our original };’h n,Ot’ hOYVeVer, have—or so some have argued—is
the causes of the colourin yf Q}‘lleSUOfl. We should have a full explanation of
industrialized area we a g e p resent population of moths in whatever
B - e confron: ;cel 1nFe;e;ted in. But. we should not have an explanation
B bhical arca: we Shouldvrjlt that populangn of moths, in that particular geo-
rather than speckled ones Eve no expl.ananon of why it was melanic moths
B e o i who lprf:dornlnantly survived to reproductive age so
" Many commentat population under study.

. ors see.thls argument as posing a challenge to the i

» unified model of scientific explanati getot ¢ ideaof a
tionist explanation for the s Cll) ation. The challenge is to produce a
HIer speckled form that does r};l)cr)iainvo fl md;lnlsm n m.OthS compared to the
i melanism spread because of Shve the assumption that the gene that
it to the moths in their enviro e value of the dark-coloured pheno-
th_e problem cannot be onment If the above argument is correct,

one of incomplete causal information; the prob-

eSS argued, ari
» arises once we ha
100 Ve SUppos .
k. has been garnered. pposed that such complete causal infor-

38 it that mak
On as 2 legitirreli tseo;cr)lre rrfor;lmentato.rs reluctant to allow adaptationist
Orm? The outline ans ° e_XPIanaUOH, on a par with the more famil-
ait to the . wer is that such explanations—in terms of the
andit i ofien . sm or of the function of a trait—are felt to smack of
ought that the maturity of a scientific discipline can

Ted by the
extent to i 1
t to which it has eliminated teleological modes of




6o John Worrall

As with so many terms in philosophy, it is not completely clear what counts
as teleology. Plato was, sO far as we know, the first philosopher to defend tele-
ological explanations, and he assumed that teleology always involved intelligent
design. It was appropriate to explain a trait in terms of the value that trait has
for its bearer if and only if the bearer’s designer regarded itas good for it to have
that trait. Aristotle, on the contrary, defended teleological explanations as inde-
pendent of considerations of conscious design. For Aristotle trait T'in organism
0 was explained by identifying what T did for O, what activity it permitted O to
perform that contributed significantly to its life.

Adaptationist explanations certainly appear teleological in this Aristotelian
sense. And indeed some biologists explicitly endorse teleology as an essential
aspect of evolutionary theory. The distinguished biologist Ayala, for example,
holds that ‘the presence of organs, processes and patterns of behavior can be
explained teleologically by exhibiting their contribution to the reproductive fit-
ness of the organisms in which they occur’. (quoted from Rosenberg 1985) And
he explicitly characterizes the use of teleological explanation as ‘not only
acceptable but indeed indispensable’ in biology. On the other hand, Darwin
is often credited with being the one who finally eliminated teleology from
biology: for example, by destroying the argument from design.

The resolution of this difficulty is the recognition that there two Senses
of teleology that need to be differentiated: an anthropomorphic sense,
involving human-style intentions and purposes, and another, non-
anthropomorphic sense. Darwin eliminated anthropomorphic teleology from

biology.

Thanks to Darwin, t
whatever exhibiting anything akin to purpose
ogists often describe their subject-matter in this anthropomorphi
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