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STRUCTURAL REALISM:
THE BEST OF BOTH WORLDS?

JOHN WORRALL

Presently accepted physical theories postulate a curved space-time struc-
ture, fundamental particles, and forces of various sorts. What we can know
for sure on the basis of observation, at most. are only facts about the
motions of macrosopic bodies, the tracks that appear in cloud chambers in
certain circumstances, and so on. Most of the content of the basic theories
in physics goes ‘beyond’ the *directly ohservational’~—no matter how lib-
eral a conception of the “directly observational’ is adopted. What is the
status of the genuinely theoretical, observation-transcendent content of
our presently accepted theories? Most of us unreflectingly take it that the
statements in this observation-transcendent part of the theory are at-
tempted descriptions of a reality lying "behind’ the observable phenomena:
that those theories really do straightforwardly assert that space-time is
curved in the presence of muatter, that electrons, neutrinos, and the rest
exist and do various funny things. Furthermore, most of us unreflectingly
take it that the enormous empirical success of these theories legitimizes the
assumption that these descriptions of an underlying reality are accurate, or
at any rate ‘essentially’ or "approximately” accurate. The main problem of
scientific realism, as I understand it, is that of whether or not there are,
after reflection, good reasons for holding this view that most of us
unreflectingly adopt.

There are, of course. several anti-realist alternatives on offer. The most
widely canvassed is some version of the pragmatic or instrumentalist view
that the observation-transcendent content of our theories is not in fact,
and despite its apparent logical form, descriptive at all, but instead simply
‘scaffolding’ for the experimental laws. Theories are codification schemes;
theoretical terms like ‘electron’ or *weak force” or whatever should not
be taken as even intended to refer to real entities. but instead as
fictional names introduced simply to order our experimental laws into a

Reprinted from Dialectica, 43(1-2 (1989): 99-124, by permission of Societe Dialectica.
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system.' A‘more recent anti-realist position-——that of van Fraassen—-h
that theomcal‘tcrms do, at any rate purportedly. refer to real L;rklt‘iticq o
are not, e.g.. simply shorthand for complex observational terms) b\;t(ind
‘therc Is no reason to assume that even our best theories are true ‘nor : ?t
apprgxurllatel}," true, nor cven that the aim of science is to produc e
:ngrieg instead. acceptance of a theory should be taken to involvs {E;l;c
> Y - =) 3 N 11
ph;;);ir;\n;?zu the theory is ‘empirically adequate’, that it ‘saves thz
I can find no essentially new arguments in the recent discussions
Worrall 1982). What seem to me the {wo most persuasive argumcnz e
very o_ld_both are certainly to be found in Poincaré and in Duhem Sﬁze
main interest in the problem of scientific realism lies, I think irll hC
fact thal these two persuasive arguments appear to ‘puil in c; T"}:
directions: one scems to speak for realism and the dthcr a "linstpﬁ(’)sm
a rc{ally satisfactory position would need to have both arzﬁcun:lcnt’ -
tts side. The concern of the present paper is to investigate gthiq tcri;i(m
Ef:thwcen the two arguments and to suggest (no more) that zm‘ old 333
té; te\itg) mostly neglected position may offer the best hope of reconciling
. The main z?rgumcnt (perhaps “consideration” would be more accurate)
likely to incline somcone towards realism [ shall call the ‘no miracles’
:arggmem (although a version of it is nowadays sometimes called thse
ultimate argument’ for realism—see Musgrave _1988). Very 1;ou hly, this
argument gocs as follows. It would be a miracle, a coincidehcc 0%1 ayl;ear—
cosmic scale, if a theory made as many correct empirical predictions as
say, the general theory of relativity or the photon theory of Iighi wirhoa)c;
wh‘al that theory says about the fundamental structure of the universe
bglng correct or “essentially” or “basically” correct. But we shouldn™t accei)t
miracles, nqt at any rate if there is a non-miraculous alternative. If wh}at
}‘hese thponcs say is going on ‘behind’ the phenomena is mdcud true or
@prommatc]y true’, then it is no wonder that they get\thc henomena
pght So it is plausible to conclude that presently accepted tpl?u:ories are
indeed ‘essentially’ correct. After all quamu;n theory gets ce\rtaiﬂ
phenomcna. like the Lamb shift, correct to. whatever it is. 6 or 7 decimal
places: in the view of some scientists, only a philosopher a;;;erlv impressed
by merely logical possibilities. could believe that this is C(;mpatiiale \Sit}; the

' According 1o a ; ¢ [ Quine” i
e SCic:g,)l(&wl'i fa:?f)'us remark of Qumc s. for instance., the theoretical entitics involved in
current ’m,r :, 1‘§ ¢ utmns)ve\re epistemologically on a par with the Greek goids—both are
i vangpﬁl;q;é):s]i}r;gosuccg in the attempt 1o order (cmpirical) reality (Quine 1953: 44)
a8 . Van Fraassen calls his position “cons i iticism® (for critici
see my 1983 review of his book). position "constructive empiricism’ (for criticisms

——-———"
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quantum theory's failing to be a fundamentally correct description of

reality.

Notice, by the way. that the argument requires the empirical success of
a theory to be understood in a particular way. Not every gmpirical conse-
quence that a theory has and which happens to be correct will give intuitive
support for the idea that the theory must somehow or other have latched
on to the ‘universal blueprint’. Specifically. any empirical consequence
which was written into the theory post hoe must be excluded. Clearly itisno
miracle if a theory gets right a fact which was already known to hold and
which the theory had been engineered to yield. Lf the fact concerned was
used in the construction of the theory—for example. to fix the vatue of
some initially free parameter—then the theory was bound to get that fact
right. (On the other hand, if the experimental result concerned was not
written into the theory, then the support it lends to the idea that the theory
is "essentially correct” is surely independent of whether or not the result
was already known when the theory was formulated.’)

This intuitive ‘no miracles’ argument can he made more precise in
various ways—all of them problematic and some of them more problem-
atic than others. It is. for instance, often run as a form of an “inference to
the best explanation’ or Peircian ‘abduction’.* But. as Laudan (1981) and
Fine (ch. I. this volume) have both pointed out. since the anti-realist is
preciscly in the business of denying the validity of inference to the best
explanation in science. he is hardly likely to alfow it in philosophy as a
means of arguing for realism. Perhaps more importantly, and despite the
attempts of some philosophers to claim scientific status for realism itself on
the basis of its explanatory power.’ there is surely a crucial, pragmatic
difference hetween a good scientific explanation and the *gxplanation’
afforded by the thesis of realism for the success of our present theories. A
requirement for a convineing scientific explanation is independent testabil-
ity—Newton's explanation of the planctary orbits is such a good one
because the theory vields so much else that is testable besides the orbits:
the oblateness of the earth. return of Halley's comet, and so on. Yet in the

* I have argued for this notion of empirical support and against the idea that temporal novelty
is ¢pisternically important in my 1985 paper and especially in my 1989 paper. which includes a
detailed historical analysis of the famous *white spot” episode involving Fresnel and Potsson, and
often taken to provide support for the “novel facts count more” thesis.

4 This form of the argument is strongly criticized by Larry Laudan (1981). Strong and cogent
reservations aboul the alleged explanation that realism supplics of science’s success were also
expressed in Howard Stein’s paper delivered to the Neuchdtel conference.

* This position seems Lo have been held by Boyd, Niiniluoto, and others. It is disowned by
Putnam (1978): ‘1 think that realism is like an empirical hypothesis in that it could be false, and
that facts are relevant to its support {or to criticizing it): but that doesn't mean that realism 1$
scientific (in any standard sense of “scientific™). or that realism 15 a hypothesis.”
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eir fate at having been b af
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§ uth to be discovered ab :
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Lhere ‘one truth to he discovs ys of the world’,
ane miratﬂc}m h‘?d discovered it. Certainly an apparenily hugely convincing
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Dewton s e‘ory. It V’iOUId bc a miracle if Newton's theory got the plan-
‘ibmy]t i ;;)ns’ so precisely right, that it should be right about Neptune and
‘ alley’s comet, that the motion of incredibly distant objects like
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some binary stars should be in accordance with the theory—it would be a
miracle if this were truc but the theory is not. However. as we all know,

Newton's theory was rejected in favour of Einstein’s in the early twentieth

century.

This would pose no problem if Einstein’s theory were simply an exten-
sion of Newton's; that is, if it simply incorporated Newton's theory as a
special case, and then went on to say more. In general, if the development
of science were cumulative, then scientific change would pose no problem
either for the realist or for his ‘no miracles’ argument. The reason why
Newton’s theory got so many of the phenomena correct could still be that

it was true, just not the whole truth.

Unfortunately Einstein’s theory is not simply an extension of Newton’s.
The two theories are logically inconsistent: if Einstein’s theory is true, then
Newton's has to be false.” This is of course accepted by all present-day
realists. The recognition that scientific progress, cven in the ‘successful’,
‘mature’ sciences, is not strictly cumulative at the theoretical level, but
instead involves at least an clement of meodification and revision is
the reason why no present-day realist would claim that we have grounds
for holding that presently accepted theories are lrue. Instead, the claim
is only that we have grounds for holding that those theories ar¢ ‘approxi-
mately’ or ‘essentially’ true. This last claim might be called ‘modified
reatism’. I shall, for convenience, drop the ‘modified’ in what follows,
but it should be understood that my realists claim only that we
have grounds for holding that our present theories In mature science are

approximately true.

ot 4t Neuchatel took the view that Newtonian physics remains
true of objects in its intended domain and that quantum and relativistic physics are true of
objects in quite different domains. But this position is surety untenabie. Newlon's theory was not
about (its "intended referent’ was not) macroscopic objests pioving with velocities small com-
pared with that of light. 1t was about afl material objects moving with any velocity you like. And
that theory is wrong (OF 50 We TOW think ). gloriously wrong, of course, but wrong, Moreover, it
isn’t even, strictly speaking, right abiout certain bodies and certain motions and ‘only’ wrong
when we are dealing with microscopic objects or hodies moving at very high velocities, 1f
relativity and quantum theory are correct, then Newton’s theory’s predictions about the motion

of any body, cven the most macroscopic and slowest-moving, are serictly false. 1t's just that their

falsity lies well within experimental error. That is. what is true is that Newton's theory is an
empirically faultless approximation for 2 whole range of cases. It's also true, as Agazzi claimed,
that scientists and engineers still often sce themselves as applying classical physics in a whole
range of areas. But the only clear-sighted account of what they are doing is. 1 think, that they are
in fact applying the pest-supporied theories available to them—viz. quantum mechanics and
refativity theory. s just that they know that these theories themselves entail the mela-result
that. for their purposes (of sending rockets to the moon or whatever), it will make no practical
difference to act as if they were applying classical physics, and indeed that it would be from the
empirical point of view a waste of effort to apply the mathematically more demanding newer
theories only for that sophistication to become entirely irrelevant when it comes to empirical

application.

o Professor Agazzi in his pap
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" See Tichy 1974 and Miller 1974,
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sciences has so farbeen -essentially’ cumulative at all levels—theoretical as
well as observational. It seems reasonable. therefore. 10 infer inductively

that that development will continue to be sessentially cumulative’ in the

future. This presumably means that. even should out present theories
roximately’ correct in

be replaced. they will continue to appear ‘app

the light of the successor theories. Such a development 15, of course,
logically compatible with the genuinely theoretical assumptions. both of
presently accepted theories and of those destined to he accepted in the
future, being entirely untrue. However. this is highly implausible. since
it would make the empirical success of all these theories entirely mysteri-
ous: while. on the other hand. the assumption that our present theories
are approximately true is enough to explain the empirical success as
non-miraculous.

No one. ] take it (reiterating the point made earlier), would claim that
this argument 18 completely watertight. The inductive ‘inference’ from
-essential cumulativity’ in the past 10 -essential cumulativity’ in the future
could of course be questioned. Moreover, there 1 still the problem of what
exactly is involved in approximate truth: and indeed the problem of
whether or not the assumnption of the approximate truth of our present
theories really would explain their empirical success. 1t might seem plaus-

ible. intuitively speaking, to suppose that if a theory is ‘apprc}ximately’ or
‘essentially’ true. then it is likely that most of its consequences will them-
selves be -essentially” correct. To take a straightforward\y empirical €X-
ample, say that 1 make a slight arithmetical error in totting up my bank
balance and come 10O the strictly mistaken view that my total worldly
fortupe is £100. when the truth is that it is £103, Will it seem ‘miracutous’
if this strictly false theory none the less supplies a quite reliable guide to
lite? After all, it might be claimed. most of the consequences that I am
likely to be interested in—for example. that 1 can't afford a month's
holiday in Switzerland—will in fact be consequences poth of the false
theory. that | hold, and of the truth. None the less, plausible or not. there
are formidable formal difficultics here.” Every false theory, of course. has
infinitely many false consequences (as well as infinitely many tru¢ ones).
and there are things that my ‘nearly true’ theory gets totally wrong. For
example. the truth is that my total fortune expressed in pounds sterling is
a prime pumber. whereas the ‘nearly true’ theory I hold says—entirely
incorrectly—that it's composite. Morecover, the argument seems commit-
ted to the claim that if theory T ‘approximates’ theory 17, which in turn

des are Oddie 1986 and Niipiluoto

vercome  these difficul
agical. and thercfore challengeable

» Two recent atlempts © o
1987--though both attempls involve substaniive. non-1

assumptions.
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* See below, pp. 150151,
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said to ‘approximate’ the new only by stretching the

old theory could be
d therefore elastic notion of *approximation’ beyond

admittedly vague an
preaking-point.

At first glance, this claim appears to be correct. Consider. for example.

the history of optics. Even if we restrict this history to the modern era.
there have been fundamental shifts in our theory ahout the basic constitu-
tion of light. The theory that a beam of light consists of a shower of tiny
material particles was widely held in the eighteenth century. Some of its
empirical consequences _guch as those about simple reflection, refraction,
and prismatic dispersion-—were correct. The theory was, however. rejected
in favour of the idca that light consists, not of matter. but of certain
vibratory motions set up by luminous bodies and carried by an all-pervad-
ing medium, the ‘Juminiferous aether’. 1t would clearly be difficult to argue
that the theory that light is a wave in a mechanical medium is an ‘exten-
sion’, or even an -extension with slight modifications’, of the idea that light
consists of material particles: waves in a mechanical medium and particles
travelling through empty space seem more like chalk and cheese than
do chalk and cheese themselves. Nor was that all: Fresnel's wave theory
was itself soon replaced by Maxwell’s electromagnetic theory. Maxwell.
as is well known, strove manfully to give an account of the electromagnetic
field in terms of some underlying mechanical medium; but his attempts
and those of others failed. and it came to be accepted that the electromag-
netic field is a primitive. S0 again, a fundamental change in the accepted
account of the basic structure of light seems o have occurred——instead
of vibrations carried through an elastic medium, it becomes a series of
wave-like changes in a disembodied electromagnetic field. A mechanical
vibration and an electric (‘displacement’) current are surely radically
different sorts of thing. Finally, the acceptance of the photon theory had
light consisting again of discrete entities, but ones which obey an entirely
new mechanics.
In the meanwhile, as theories were changing light from chalk to cheese
and then to superchalk, there was a steady, basically cumulative develop-
ment in the captured and systematized empirical content of optics.” The
material particle theory dealt satisfactorily with simple reflection and re-

content are remarkably thin on

es of "Kuhn loss” of captured empirical
rly understood. Feyerabend and

is. that empirical content is prope
ost content which are either clearly highly theoretical {Feyerabend
even uses ‘The Brownian particle is a perpetusl motion machine of the second kind' as an
examnple of an empirical sratement!} or highly vague {Kuhn claims, €& that while phiogisten
theory could explain why metalas are ‘similar’ to one another. the superseding oXygen theory
could not}). For a criticism of Peyerabcnd on facts see Worrall 1991; for a criticism of Kuhn sce

Worrall 19896,

1 Genuine exampl
the ground—prtm‘({m’, that
Kuhn both usc examples of 7
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fractipn and little else; the classical wave theory added interferene
and diffraction and eventually polarization effects too: the eleciroma e
thgory added various results connecting light with electrical and magnft}C
effects: Fhe photon theory added the photoelectric effect and gr::('tfc
else bcmdgs. The process at the empirical level {properly construu;lh
was essentially cumulative. There were remporary problems (e o(' )
whgther or not the classical wave theory could deal with the pheﬁ”‘)m -
which haf:i previously been taken to support the (“essentially’) rectilinee[;i
rO ¥ 2 1 3 ER 1 1 ’
g%ﬁ?@f};‘?? of light), but these were invariably settled quickly and
Or }akg th(, Newton-Einstein case again. At the empirical level it does
seem i_mumvc]y reasonable to say that Einstein’s theory is a sort of ‘exteeb
sion with modifications’ of Newton's. It is true that. even at this level, if \Se
tch the maximally precise consequences about the motion of a givet; body
yielded by the two theories, they will always strictly speaking mmradic};
one another. But for a whole range of cases (thos:e cases. of cburse in
\yhlch the velocities involved are fairly small compared to {hc velocﬁ ’ of
light). the predictions of the two theories will be strictly different ybut
()bser\../ationally indistinguishable. 1t is also true. of course. that Newton’s
equations are limiting cases of corresponding relativistic equations, How-
ever, t.her.c is much more to Newton's theory than the laws of moti;m and
the pr'mctple of universal gravitation considered simply as mathematical
cquatlo'ns, These equations were interpreted withtn a set of very gencr;l
theoretlcal assumptions which involved amongst other things the assump-
tion that space is infinite. that time is absolute. so that two events %imul?-
taneous for one observer arc simultaneous for all, and that the\ilklcrti'al
mass o_i a I'JO.Q}J is constant. Einstein’s theory entails, on the contrary th;t
space is finite (though unbounded), that time is not absolute il; the
Newtonian sense. and that the mass of a body increases with its velocity
All these are surely out-and-out contradictions. A 3

H'I‘«,»(‘, “tiline: - ettt H N
c%cmﬁ};c‘ :;:‘sc gf' r]c%tlhpca.r p[().l?dgdtlm‘l ofvhght provides an illustrative example both of the
[—iycr«]bcnd Plngaxn,%mmuny_m mature’ science and of wha it is about this process that leads
(;cy'idi:] m,'“‘.m ! uhn to misrepresent it. Certain theories become so firmly entrenched at
et m_.u;i;s o‘ l}hu‘qgvclnpmcni pf scienee. so much parts of *background knowledge®. that
o )i& Ve VII;:K p‘c‘n't\culm»uxpcnment'al situations inferpreted in their light, are readily tatked
l)]’();;-ig;;(e(i ‘Hu?“wﬂs _gcrtanlﬂy trfuc of the *fact’ that light. f el to itself. s rectilinearly
2 . He en is surely a “fact” which was “lost” in the wave re ion, si "
theory entails that light is alw vy di s just e o, e
Yy < s avs diffracted-—it’s just that i Hf
peory nimls L lehi b ahal s just that in most circumstances the difference
pattern and the predictions of geometrical s is
observational level But this last rems : ) # ctrical optics is well below the
. s last remark gives the game away. The idoe ight is {rigi
observaion L is rives y. ca that light is (rigidly)
Ol:):t}m(?r}:_\. pmﬁaagmw‘d’ T\,’dh never an cmplncal result (not a "crude tact’ in Pwix’\;caré’s(leé;min‘
[hl;(){jg‘h be;tr;;aqul?lﬁlurtlfal r:‘sulw—cermm ‘ray tracings’. inability to sc¢ round corners OF
¢ tubes. cle—were Tost” i g ained as 3 if
e e P not “lost” bul sirply re-explained as a result of the shift
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The picture of the development of science certainly scems, then, to be
one of essential cumulativity at the empirical level, accompanied by sharp
changes of an entirely non-cumulative kind at the top theoretical levels."”
This picture of theory change in the past would seem to supply good
inductive grounds for holding that thosc theories presently accepted
in science will, within a reasonably brief period. themselves be replaced
by theories which retain (and extend) the empirical success of present
theorics. but do so on the basis of underlving theorctical assumptions
entirely at odds with those presently accepted. This is. of course, the so-
called pessimistic induction —ysually regarded as a recent methodological
discovery, but in fact already stated clearly by Poincaré.” How can there
be good grounds for holding our present theories o he ‘approximately’
or ‘essentially’ true. and at the samc lime seemingly strong historical-
inductive grounds for regarding those theories as (probably) ontologically
false?

Unless this picture of theory change is shown to be inaccurate. then
realism is surely untenable. and basically only two {very different) possi-
hilitics open. The first can be motivated as follows. Science s the field in
which rationality reigns. There can be no rational acceptance of claims of
a kind which history gives us grounds to think are likely later to be
rejected. The successful empirical content of a once accepted theory is in
general carried over to the new theory. but its basic theoretical claims are
not. Theories, then, are best construed as making no real claims beyond
their directly empirical consequences: or, if they are so construed. accept-
ance of these theoretical claims as truc or approximately true is no part of
the rational procedures of science. We are thus led into some sort of either
pragmatic or ‘constructive” anti-realism.

Such a position restores a pleasing. cumulative (or quasi-cumulative)
development to science (i.c. to the ‘real part’ of scicnce): but it does 30 at
the expense of sacrificing the ‘no miracles’ argument entirely. After all, the
theoretical science which the pragmatist alleges 10 be insubstantial and to
play a purely codificatory role has. as a matter of fact. often proved fruitful.
That is. interpreted literally and therefore treated as claims about the
structure of the world, theories have yielded testable consequences over
and above those they were introduced to codify. and those consequences
have turned out to be correct when checked empirically, Why? The prag-
matist asserts that there is no answer.

I That this is the intuitive picture was fully emphasized by Poigeare and Duhem. rather lost
sight of by the logical positivists, and re-emphasized by Popper and those influcnced by him
(such as John Watkins and Paul Feyerabend).

" See Putnam 1978 238 and Poincaré BIOS: 166 {quoted below, p. 157)
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. The olhcr‘altcmativc for someone who accepts the empiricall
1v’e:,h theoretncglly non-cumulative picture of scientific changcy (t:)‘irtnmat‘
}\:;,Sp ;:;t;) 3;/(;)\;dsft):i;agm3tls;n' is pure, qupqﬁan conjectural redli,;m. Th\?shi:
Poppe uncommna}})}}})e 0 all the Yensxmdﬁudc ideas, which always sag
rather o . y with 'the main thgses_ On this conjectural reali
N g ,h : e ‘genumely Fheorellcal, observation-transcendent parts of sci st
t% ct <}0rle‘s are'not 1ust codiﬁgatory schemes, they are attempred degcf n:
ions o the reality hidden behind the phenomena. And our present blp
Fheoges are our present best shots at the truth. We certainly have -
:;)ult??tkh éhatt oug presently best theories are our present be:t shmsrzia St?lre]
; ' y stand up to the present evidence better than any known riv;
}:i I:vcelsggetg(; ;Zilr ‘rltt,gst(;r; rtlot }tllgfnk t'hatt tgose grescnt theories are truea:));
: heir rejected predecessors. Indeed, it can b
accepted that the history of science makes it very unlikely th resent
theories are even ‘approximately’ true. They };.10 ofecyt ‘at  tandardly
.cap'ture more empirical results than any of their re!dec QOUT&C- Stan'da‘rdly
indication at all that they are any closer to ca ltjur' ?&“SOI?. o lhl*{ at of
the universe’. The fully methodolo icéll awarg mg* .’Od ‘S .bluépflm N
i);;slucfs '}Ixis ch;nded quest for thc%ruthyknowintgh?;\);: t}ia'lwz(llllilrl)::;s?z?ry
ainly fail and that, evenif h O i .
any regl indication, that he ;:SU;SC?S:;:;WIU neverknow.nor cven have
for(r,‘rcl);];cgg;il ;iz:};i%;sgfgillz;a ml(}:dee;t. unassuming position. It can be
late S ot in the senses we have so far dis
as saying in fact thﬁat we do have the best possibleLg}r‘g:lizcs} ffgi ﬁﬁlcdli;:i;
S:fger;;b;s: tl;z;)flets tq be true (they are best confirmed or best ‘corrobor-
than these; b;:t ss:cce:giesz;);;isg?ul? g(itheven e o
; ¢ orate c
n;entally contradict the best corroborated th;::rr)}/, ;?r?&gw‘glea)érfs::g;
Ep?; gtiia};;)venfootr ’thml’cmg Fhe. theories trge are inevitably conjectufal and
(practical Wy,m Sg}?'St ‘m prlnfslplc) defeasible. I defended this conjectural
- invarij; " )m an ezltr}l\xer paper: presentations of the view frequently
{almost nvar y mel with the response ‘that there is little, if any, differ-
ence of substance between it and anti-realism." The main problem,. I take
it, is agiﬁm that conjectural realism makes no concessions to t.h ‘no
miracles’ argument. On the conjectural realist view, Newton’; theorvedoes

8 F s (] o %y M 1
fmmgf rtx:gt‘;l:;ncu of c;)n}elctural realism see Worrall 1982. The response of ‘no real dif
4 / conjectural and anti-realism was m: i F j
T ewsen ral a ade many times in seminars @
?ealistri (:;\t;:;:z?; (by. valn Fraassen amongst others). See also, e.g., )I;Yc'wtonSmitl;llnqu]dr;hf:’e
approac}{_ ¢ ShO,UEdaZszlcl:dtm[g an eplstemolqgical ingredient’ foreign to this coﬁ}ec}uraiiﬂ
at I am of course giving up the conjectural realist position in the

present paper only in the sense that 1 2 incli i
defended. at ] am now inclined to think that a stronger position can be
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assert that space and time are absolute, that there are action-at-a-distance
forces of gravity, and that inertial mass is constant; all this was entirely
wrong, and yet the theory based on these assumptions was highly empiri-
cally adequate. This just has to be recorded as a fact. And if you happen to
find it a rather surprising fact, then that’s your own business— ~perhaps due
(o failure to internalize the elementary logical fact that all false theories
have true consequences (in fact. infinitely many of them).

Both the pragmatist and the conjectural realist can point out that we
can’t, on pain of infinite regress. account for everything, and one of the
things we can't account for is why this stuff that allegedly does no more
than streamiine the machinery of scientific proof or that turns out to be
radically false should have turned out to be fruitful. There obviously can be
no question of any ‘knockdown retutation” of either view. None the less. if
a position could be developed which accommodated some of the intuitions
underlying the ‘no miracles’ argument and yet which, at the same time.
cohered with the historical facts about theory change in science. then it
would arguably be more plausible than either pragmatism or conjectural
realism.

Is it possible to have the best of both worlds, to account {no matier how

tentatively) for the empirical success of theoretical science without run-
ning foul of the historical facts about theory change”? Richard Boyd and
occasionally Hilary Putnam have claimed that realism is itself already the
best of both worlds. They have claimed. more or less explicitly. that
the picture of scientific change that [ have painted is inaccurate. and so the
argument from scientific revolutions is based on a false premiss: the history
of science is not in fact marked by radical theoretical revolutions
(at any rate, not the history of ‘mature’ science). On the contrary. claims
Boyd:
The historical progress of the mature sciences is largely a matter of successively
more accurate approximations to the truth about both observable and unobservable
phenomena. Later theories typically build upon the (observational and theoretical)
knowledge embodicd in previous theories. {1984: 41-2)"*

Elsewhere he asserts that scientists generally adopt the (realist) principle
that ‘new theories should . .. resemble current theories with respect to
their accounts of causal relations among theoretical entities’ {Boyd 1973

ade no claim of approximate conti-
ific theorles. But 1 had thought that
of theoties give us grounds to think
description of the reality underlying
| of Richard Boyd's comments
ism. but something like the

“ In discussion Richard Boyd acknowledged that he m
nuity for the ‘metaphysical” components of accepted scient
was what the debate is all about: does the empirical success
that their basic (‘metaphysical’, observation-transcendent)
the phenomena is al any rate approximately correct? Severa
suggested to me, at least. that he defends not a full-blown real
structural reatism that L try to formulate below.

4
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8). Similarly. Putnam once claimed (1978: 20) that many historical cases of

theory change show that “what scientists try 1o do’ is o prescrve ‘as often

as possible’ the “mechanisms of the earlier theory” or “to show that they are

“limiting cases” of new mechanisms’. 1 want first to explain why I think

that these claims are wrong as they stand. I shall then argue that valig

intuitions underlie the claims, but these intuitions are better captured in

a rather different position which might be called siructural or syntaciic

realisin,

Larry Laudan has objected to Boyd and Putnam’s claims by citing a
whole list of theoretical entities, like phlogiston, caloric, and a range of
ethers, which. he insists, once figured in successful theories but have now
been rotally rejected (1982: 231). How, Laudan wants to know, can newer
theories resemble older theories “with respect to their accounts of causal
relations among theoretical entities” if the newcer theories entirely reject
the theoretical entities of the old? How can relativistic physics be said to
preserve ‘the mechanisms of. say. Fresnel's account of the transmission of
light. when, according to Fresnel's account, transmission occurs via per-
iodic disturbances in an ali-pervading ¢lastic medium. while, according to
relativity theory, no such medium exists at all? How can later scientists be
said to have applied to Fresnel's theory the principle that “new theories
should .. . rescmbie current theories with respect to their accounts of
causal relations among theorctical entities” when these later theories en-
tirely deny the existence of the core theoretical eatity in Fresnel's theory?
Boyd alleges that the mechanisms of classical physics reappear as limiting
cases of mechanisms in relativistic physics. Laudan replies that, although it
is of course true that some classical laws are limiting cases of relativistic
ones,
there are other laws and general assertions made by the classical theory (e.g.. claims
about the density and fine structure of the cther. general laws about the character of
the interaction between ether and matter. models and mechamsms detailing the
compressibility of the ether) which could not conceivably be limiting cases of
madern mechanics. The reason is a simple one: @ theory cannot assign values to a
variable that does not oceur in that theory's language . .. Classical ether physics
contained a number of postulated mechanisms for dealing inter alia with the trans-
mission of light through the ether. Such mechanisms could not possibly appear in a
successor theory like the special theory ol relativity which denies the very existence
of an ctherial medium and which accomplishes the explanatory tasks performed by
the ether via very different mechanisms. (Laudan 1982: 237-8)

Docs the realist have any legitimate come-back to Laudan's criticisms?
Certainly some of Laudan’s examples can be dealt with fairly straightfor-
wardly. Boyd and Putnam have been careful to restrict their claim of
‘essential’ cumulativity to ‘mature’ science only. Pre-Lavoisierian chemis-

S mmm———
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i ience they would be
i ief exe mmature science, so
- their chief example of an 1 . Ul e
w > t?c? concede that phlogiston has been entirely rejc?telit Oyf fater
happy 6 Presumably, some of the other items on Laudzn s :\;e L onee
Sa'enf'ef;cally accepted but now non-existent entiies would receive s
geients
treatment.

sther or
The cogency of this reply clearly depends to alarge extent on whe

Jul C an be given of what it tak‘cs for a
nqt some rea}fo'\‘:zhgﬁrﬁiﬁ ;C;t)tl\lf: gi}yd nfr Putnam has anyt}?m‘g.v?ri
scteljce o ?L o this score, and this has naturally engendered the S})bp1C}() .
B e 535{"3{“ has ;upplaed himself with a very useful 4ad hoc Cl‘e‘\.ntc‘e(i
o ver it 1:5* 1s clear that the basic claims of some prew_ously aca;p &
wheneve’r ’ S“Z been totally rejected, the science to wh_xch th'fxt thfiorry
glig?g:&; \f '&Ttomaticaliy counted as mmature” at the ume that theory

C $

was accepted.

< p ‘; i 10n Of
V‘\‘} at 18 lle@ded 18 & ]basollahl\f TeCISC 3][(1 nae nendent criterio

- , read off the chief
. . ean. it seems to me, in fact be ‘1€ N
rity. And this can, it 5¢€ b e at. This argu-
mc‘:?;m;g argument for realism—the ‘no rmradesi arg}l}lm}? b e enjoyed
ilql;am as 1 indicated before. applies only t© theorlt?' rv: silr‘;mly having cor-
N S e S is must mean more than s e
e predictive sUCCess. This R d into the
genturr‘npplrical consequences—for these could ha\;e bcig for:i:fscrihe had
rect € n o effects ey >
X -oncerned after the € .
sk of the theory concerne . ious chemical
frlamiiwzcen observed to occur. The undoubted fact that yanogﬁ;ﬁy oo
. rleifnental results could be incorporated into the p»hloglrsm,“kind we are
f:(()l: on its own found any argument. evern of the lmu‘é‘i:;ilarly the fact
considering, to the likely truth of the phlogiston theory. - )

v can be made empirically adequate with respect 1o,

tionist biolog : ate W g
gl?t tctrlzafossil record clearly founds no argument for the likely tru

- : ; urse easil

Genesis account of creation. Such empm;al adequdﬂi“«yas;:r:égﬁn hat Gmy;i
be achieved —for example. by simply making G O,S w ?t z;s' they are found to
created the racks wih 7 ‘f‘ostiﬂsi‘ntgh frrn::«; E\‘i;iii&t‘e?tlbour‘ faith.) But the fact

_(Perhaps God’s purpose i ¢o is was 10 168 e oly the
lt)}?at( t?xis gaborated version of creationism ls‘ thet‘lng(:rn;dmtitradepnb et
empirical dotails of (42 o e s o Courb't‘:ﬂ’rlz;e explanation for this
indication that the theory "is on the right trgc% | eas T rcorporate
predictive ‘success’ is, of COUTSE. just that 1t 18 0 w}? Noryis the success of
already known results ad hoc Into a given framelwm;i . o kind enough
a theory in predicting particular ev?nts of gn a're;z{ {/Vo Ko eory. Exen
o its own 10 SUSln ¢ ‘ln?i mir‘at(ﬁ:)ririgﬁ}:gnga:ﬂv be predictive in the
the most ad hoc, ‘cobbled up \

€ ¢ k I tha
P < of the doubt] so far as to say hat
o A[W e do not carry {the Prige le of th benefit of

“phlogiston” referred’ {Putnam 1978: 25).
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sense that it will entail that the variong results it has been made to absorh
will continue to hold in the future. (For example, the heavily epicyclic
corpuscular theory of light developed in the early nineteenth century by
Biot, having had various parameters fixed on the basis of certain results in
crystal optics, implied, of course, that the ‘natural’ generalizations of those
results would continue to hold in the future.) Theories will standardiy
exhibit this weak predictiveness because, Popper or no, scientists do in.
stinctively inductively generalize on the results of well-controlled experi-
ments which have so far always yielded the same results. But the success of
such inductive manceuvres, though no doubt miraculous enough m jtself,
does not speak in favour of the likely truthlikeness of any particular
explanatory theory. The sort of predictive success which seems to elicit the
intuitions underlying the ‘no miracles’ argument is 4 much stronger, more
striking form of predictive success. In the stronger case. not just a new
instance of an old empirical generalization, but an entirely new empirical
generalization follows from some theory, and turns out to be experiment-
ally confirmed. Instances of this are the prediction of the existence and
orbit of a hitherto unknown planet by Newton’s theory and the prediction

the hitherto entirely unsuspected phenomenon of conical refraction by
Fresnel’s wave theory of light. So my suggestion is that, instead of leaving
the notion of maturity as conveniently undefined, 3 realist should take it

With this somewhat more precise characterization ol‘maturity, Laudan’s
list of difficult cases for the modified realist can indeed be pared down
considerably further. Laudan must be operating with some much weaker
notion of empirical success than the idea of predictive success just ex-
plained when he cites the gravitational ether theories of Hartley and
LeSage as cxamples of ‘once successful’ theories, Presumably he means
simply that these theories were able successfully to accommodate various
already known observational resulfs, But if we require predictive success of
the strong kind indicated above, then surely neither Hartley’s nor LeSage’s
Speculative hypothesis scored any such success.

" I'have criticized Laudan on this point in Worrall 1988,
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apeid >
list. Let’s concentrate on what seems to me {and to othcr:,1 ;“:}Q;
o rea‘ IS" h challenge: the ether of classical physics. Indeed‘, we ca ke
Sharpehtlwc >Cs;ill sHarper by concentrating on the elastic ?OIId ethe
e ?ng; *Aclas&;ical wave theory of light proposed by‘Frssncl, -
o s thL ”was based on the assumption that l{ght consists 11l
F'res’nel‘? t i\(;rr?ces originating in a source and transmlttcgl by alr;h? -
pef!Od{C dmuf hanical medium. There can be no doubt t}}m Fresne m;
perVﬂdl_ng- ?LC tahe ‘real existence’ of this medium—a h]ghi){ attenliigte
o beh*eve‘dillr:m all right, but essentially an ordinary~ n_qcc{namc‘z%l n}nlel 12?;
an@ b e m{: tes elastic restoring forces on any of its “parts’ t z:i are
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l i i edictive success— ,
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. C«’iugi T?orc ex;orrﬁously elastic. But if the notion Is stretched too
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proximates’ an action-at-a-distance force. then no doubt the realist is tight
that we can be confident that future theories will be approximately like the
ones we presently hold. This won't, however, be telling us very much,
It does seem to me that the only clear-sighted judgement is that Fresnel's
elastic solid ether was entirely overthrown in the course of later science.
Indeed, this occurred, long before the advent of relativity theory,
when Maxwell’s theory was accepted in its stead. It is true that Maxwel]
himself continued to hold out the hope that his electromagnetic field would
one day be ‘reduced’ to an underlying mechanical substratum essentially
the ether as Fresnel had conceived it. But in view of the tailure of a whole
series of attempts at such a ‘reduction’. the field was eventually accepted
as a primitive entity. Light became viewed as a periodic disturbance, not
in an elastic medium, but in the ‘disembodied’ electromagnetic field.
One would be hard pressed to cite two things more different than a
displacement current, which is what this electromagnetic view makes light,
and an elastic vibration through a medium, which is what Fresnel's theory
had made it.

Hardin and Rosenberg (1982), replying to Laudan, suggest that. rather
than trying to claim that Fresnel's elastic solid ether was ‘approximately
preserved” in Maxwell's theory, the realist can ‘reasonably’ regard Fresnel
as having been talking about the electromagnetic field all along. This is
certainly a striking suggestion! As someone influenced by Lakatos, I cer-
tainly would not want entirely to deny a role to rational reconstruction of
history. Indeed. it does seem reasonable for a historian to reserve
the option of holding that a scientist did not Jully understand his own
theory: but to allow that he may have totally misunderstood it and, indeed,
that it could not really be understood until some 50 years afler his death,
to hold that Fresne] was ‘really’ talking about something of which we know
he had not the slightest inkling. all this is surely taking ‘rational reconstruc-
tion’ too far. Even ‘charity’ can be overdone.? Fresnel was obviously
claiming that the light-carrving ‘luminiferous aether” is an elastic solid,
obeying, in essence. the ordinary laws of the mechanics of such bodies: the
ether has “parts’: restoring clastic forces are brought into play when a part
is disturbed out of its equilibrium position. He was obviously claiming this,
and it turned out that, if later science is right, Fresnel was wrong, Hardin
and Rosenberg’s claim has a definite air of desperation about it.

¥ Putnam has a well-known {and notoriously vague} "principle of charity’ {or “henefit of the
doubt') which says that “when speakers specify a referent for a term they use by a description
and, because of mistaken factual beliefs that those speakers have, that description fails to refer,
we should assume that they would accepl reasonable reformulations of their descriptions’ (197%:
23-4).
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None the less, there is something right ‘abgut. what th.ey, and Boyd,
say. There was an important element of mntmm.ty in the sh1ft frorp ‘Fres'nel
to Maxwell-—and this was much more _than a simple question of carrym%
over the successful empirical content into the ncviz theory. A.I the same
time, it was rather less than a carrying over of thf: full .theoreucal content
or full theoretical mechanisms (even in "approximate form). And what
was carried over can be captured without making the very far-fﬁetchex%
assumption of Hardin and Rosenberg that Fresnel’s th’cor_y was ‘really
about the electromagnetic field all along. There was continuity or accumu-
lation in the shift, but the continuity is one of form or structure, ‘not qf
content. In fact, this claim was already made and defended by Poincaré.
And Poincaré used the example of the switch from Fre‘sne] to Machll to
argue for a general sort of syntactic or structural realtsm' quite dlffe.renf
from the anti-realist instrumentalism which is often attributed to him.”
This largely forgotten thesis of Poincaré’s seems to me to offer the only
hopeful way of both underwriting the ‘no miracles’ argument aqd ac-
cepling an accurate account of the extent of theory change in science.
Roughly speaking. it seems right to say that Fre_snci cm:np]etely mis-
identificd the nature of light; but, none the less, it is no miracle th'fil his
theory enjoyed the empirical predictive success that it did; it t‘; no mlrz.zcle
because Fresnel's theory, as science later saw it, attributed to light the right
structure. .

Poincaré’s view is summarized in the following passage from Scze{we and

Hypothesis, which begins by clearly anticipating the currently fashionable
‘pessimistic induction”:
The ephemeral nature of scientific theories takes by surprise the man of the world:
Their brief period of prosperity ended. he sees them ahan.dm}ed one after the ot}lc_r,
he sees ruins piled upon ruins: he predicts that the theories in fashion todzt)t w11!‘m
ashort time succumb in their turn, and he concludes that they are absolutely in vain.
This is what he calls the bankruptey of science. (1905: 160)

But this passage continues:

His scepticisn is superficial: he does not take into account the objgcl of saefmﬁc
theories and the part they play. or he would understand that the ruins may stnll\ l?e
good for something. No theory seemed established on firmer ground tha{l Fresnel 5
which attributed light to the movements of the ether. Then if Maxwell ] tbeqy is
preferred today, does it mean that Fresne)‘s.work was in ya_m? No; for Fresnel’s
object was not to know whether there really is an ether, if it is or is not formed of

* One critic who cxplicitly does not classify Poincaré as an instrumentalist is Zahar (‘sc? l:ss
1983k). The term ‘structural realism’™ was also used by Grover Maxwell fm a position which mf
derived from Russell's later philosophy (see Maxwell 1970a,6). Maxwell’s pm]tl)ap grows out O{
different (more “philosophical’y concerns, though it is Cle:a.rly related to that of Poincaré {one o
the points for further research is 1o clarify this relationship).
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atoms, if these atoms really move in this way or that; his object was to predict Opticy]
phenomena.®

This Fresnel's theory enables us to do today as well as it did before Mastlps
time. The differential equations ate always true, they may be always imegra[ed
by the same methods. and the results of this integration still preserve theg,
value.

So far, of course, this might seem a perfect statement of positivistic instry.
mentalism: Fresnel's theory is really just its empirical content, and thig is
preserved in later theories. However, Poincaré goes on to make it quite
explicit that this is not his position.

It cannot be said that this is reducing physical theories to simple practical recipes;
these equations express relations, and if the equations remain true, it is because the
celations preserve their reality. They teach us now. as they did then. that there s
such and such a relation between this thing and that; only the something which we
then calied morion, we now call electric current. But these are merely names of the
images we substituted for the real objects which Nature will hide for ever from our
eyes. The true relations between these real objects are the only reality we can attain.
(1905: 162)

Poincaré is claiming that, although from the point of view of Maxwell’s
theory, Fresnel entirely misidentified the nature of light, his theory accu-
rately described not just light’s observable effects but its structure. There is
no elastic solid ether. There is, however, from the later point of view, a
(disembodied) electromagnetic field. The field in no clear sense approxi-
mates the ether. but disturbances in it do obey formally similar laws to
those obeyed by elastic disturbances in a mechanical medium. Although
Fresnel was quite wrong about what oscillates, he was. from this later point
of view, right, not just about the optical phenomena, but right also that
these phenomena depend on the oscillations of something or other at right
angles to the light.

Thus, if we restrict ourselves to the level of mathematical equations—
7101, notice, the phenomenal level—there s in fact complete continuity
between Fresnels and Maxwell's theories. Fresnel developed a famous sct
of equations for the relative intensities of the reflected and refracted light
beams in various circumstances. Ordinary unpolarized light can be
analysed into two components: one polarized in the plane of incidence, the
other polarized at right angles to it. Let /2, R2, and X7 be the intensities of
the components polarized in the plane of incidence of the incident. re-
flected, and refracted beams respectively: while 2, R”2, and X" are the
tomponents polarized at right angles to the plane of incidence, Finally, let

* Poincaré is quite wrong aboul Fresnel's ‘object’ (see above, 0. 19). However, the normative

philosophical question of how a theary oughr to be interpreted is, of course. togically indepen-
dent of the historical, psychological question of what its creator in fact believed.
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d r be the angles made by the incident and refracted beams with the
an ;1 to a plane reflecting surface. Fresnel's equations then state
norm

R/ =1an(i-r)/tan(i +r)

R/I" =sin{i-r)/sin{i + r)

X/1=(2sin r.c&)si)/(sin(£+r)cos(£~r))
X'/ I' =2sinr.cosi/sin{i +r)

Fresnel developed these equations on the bAasis of the t(;]ll?wm:gcsﬁigel
of light. Light consists of vibrations ‘transmmed throug 2 ?Ln anical
medium. These vibrations occur at r‘1ght angles to the_ df(;c:lc lom o he
transmission of light through the medium. In an m'xp‘olzn'lzf{,t )e«z:n is,mm_
tions occur in all planes at right angles to the d}rcgtnon of trans on—
but the overall beam can be described by regar'dl ngitas t‘hedcompo iion ¢
two vibrations: one occurring in the plane of 1:1;1(1(:@(:6 \anh‘or}g a;:e ]ar e%
in the plane at right angles to it. The bigger t%le vibrations, t atis, i]ibriim
the maximum distance the particles‘ are forced _fmm the1‘rY eqtu prium
positions by the vibration. the more intense the llgm. I, R ; cfcl.he Hcht
measure the amplitudes of these vibratllvonj, and the intensities o g

i squares of these amplitudes. ‘
ar%féxtllzyvziiage—point of Maxwell's theory as f:ventually .accc);l)fed, tt]lll;‘
account, to repeat, is entirely wrong. How g‘ould it be anything cfs,e wthis
there is no elastic ether to do any vibrating? None the less, ’rt(fm‘.usrq
vantage-point, Fresnel's theory has exactly the right structlfref:f s ]and
that what vibrates according to Maxwell’s ’theory are t.hc e cctrlf: nd
magnetic field strengths. And in fact, if we interpret I R, )}: et}g. asnel‘q
amplitudes of the ‘vibration’ of the relevant electric vef:tors. t LDI reﬁ Sn*{
€quations are directly and fully entailed by Maxwell s fhef)ry.) i W;Zdi(;:
then, just that Fresnel's theory happened to mz}ke Cf:ftdln correc }l) v
tions: it made them because it had accurately 1dt~:mm@d certain rela :j(
between optical phenomena. From the standpomt' f’f t.hlS su};})()zrsetilcnﬁ
theory, Fresne! was quite wrong about thf; nat~ure of llght.. tl'w? t c(')ijezs o
mechanisms he postulated are not approximations to, or hml'ung C-dbc[ ?
the theoretical mechanisms of the newer theory. lNonc the less, Frfisne lwiz
quite right not just about a whole range ‘of optical phcnome;a‘ ;Lex: r égri‘
that these phenomena depend on sonﬁethmg or other that undergoes p
odic ¢ at right angles to the light. o

;;uct}:ifie P?)inf&ré arggued, his contemporar.ies had no moris ]uStlﬁ:?tl;):l
for regarding Maxwell as having deﬁnit}ivel.y dlfscovgcé the l?ittulrioofa
as having discovered that it really consists in vibrations of the electromag
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netic field, than Fresnel's contemporaries had had for regarding Fresnel gg
having discovered the nature of light. At any rate, this attitude towards
Maxwell would be mistaken if it meant any more than that Maxwell built
on the relations revealed by Fresnel and showed that further relations
existed between phenomena hitherto regarded as purely optical on the one
hand and electric and magnetic phenomena on the other.

This example of an important theory change in science certainly ap-
pears, then, to exhibit cumulative growth at the structural level combined
with radical replacement of the previous ontological ideas. It speaks, then,
in favour of a structural realism. Is this simply a feature of this particular
example, or is preservation of structure a general feature of theory change
in mature (i.e. successfully predictive) science?

This particular example is in fact unrepresentative in at least one import-
ant respect: Fresnel's equations are taken over completely intact into the
superseding theory—reappearing there newly interpreted but, as math-
ematical equations, entirely unchanged. The much more common pattern
is that the old equations reappear as limiting cases of the new—that is, the
old and new equations are strictly inconsistent, but the new tend to the old
as some quantity tends to some limit.

The rule in the history of physics seems to be that, whenever a theory
replaces a predecessor, which has however itself enjoyed genuine pre-
dictive success. the ‘correspondence principie’ applies. This requires the
mathematical equations of the old theory to re-emerge as limiting cases of
the mathematical equations of the new. As is being increasingly realized
the principle operates, not just as an after-the-event requirement on a new
theory if it is to count as better than the current theory, but often also as a
heuristic tool in the actual development of the new theory. Boyd (1984) in
fact cites the general applicability of the correspondence principle as evi-
dence for his realism. But the principle applies purely at the mathematical
level, and hence is quite compatible with the new theory’s basic theoretical
assumptions (which interprer the terms in the equations) being entirely
at odds with those of the old. | can see no clear sense in which an action-
at-a-distance force of gravity is a ‘limiting case’ of, or “approximates’, a
space-time curvature. Or in which the ‘theoretical mechanisms’ of action-
at-a-distance gravitational theory are *carried over” into general relativity
theory. Yet Einstein’s equations undeniably go over to Newton's in certain
limiting special cases. In this sense, there is "approximate continuity’ of
structure n this case. As Boyd points out, a new theory could capture its
predecessor’s successful empirical content in ways other than yielding the

¥ See e.g, Zahar 19835 and Worrall 1985, as well as Boyd 1984,

STRUCTURAL REALISM 161

equations of that predecessor as special cases of its own cquatiogs.”
But the general applicability of the correspondence prmc:_ple: certainly
is not evidence for full-blown realism—but, instead. only for structural
realism. N _

Much clarificatory work needs to be done on this position, especially
concerning the notion of one theory’s structure approximating .that f?f
another. But | hope that what I have said is enough to show .that Pgmcare 8
is the only available account of the status of scientific theories which h(ollds
out realistic promise of delivering the best of both worlds: of undc'rwm‘mg
the 'no miracles’ argument. while accepting the full impact of the historical
facts about theory change in science. It captures what is right about Boyd’s
realism (there Is ‘essential accumulation’ in ‘mature’ sciepcc‘ at levels
higher than the purely empirical) and at the same time what is right about
Laudan’s criticism of realism {the accumulation does not extend to the
fully interpreted top theoretical levels).

As one step towards clarifying the position further, let me end by sug-
gesting that one criticism which, rightly or wrongly, has been Icvglled at
scientific realism does not affect the structural version. Arthur Fine has
strikingly claimed that
Realism is dead . . . lis death was hastened by the debates over the interpretation of
quantum theory where Bohr's non-realist philosophy was seen 1o win out over
Einstein's passionate realism. (p. 21, this volume)

But realism has been pronounced dead before. Some eighteenth-cen-
tury scientists believed (implicitly, of course: they would not have ex-
pressed it in this way) that realism’s death had been hastened byh dgbates
over the foundations of the theory of universal gravitation. But it is now
surely clear that in this case realism was “killed” by first saddling it with an
extra claim which then proved a convenient target for the assassin’s bu]]e?.
This extra claim was that a scientific theory could not invoke ‘unintelli-
gible’ notions. such as that of action-at-a-distance. as primilives: A
realist interpretation required intelligibility, and intelligibility required

* Puinam gives this account of Boyd's position in his 1978, adding that applying the corre-
spondence principle 'is often the hardest way to get a theory that keeps the old obg.crvanonal
Predictions’. 1 find this last remark very difficult to understand. How ::xagtly could it hc'done
Otherwise? (1 am assuming that what comes oul is required to be a theory in some recognizable
sense rather than simply any old collection of empirical starements. ) Z'ahar‘hafs shown (seem. 35)
how the correspondence principle can be used as a definite heurfsnc principle §upply|!xg the
scientist with real guidance. But suppose a scientist set out to obtain a theory which shargs th‘e
Successful empinc?xl consequences of its predecessor in some mhe}- way than by .yteldmg it
Predecessor’s equations as limiting cases—surely he would be operating complctely in th»c Qarﬁ
without any clear idea of how to go about the task. (I am assuming that various ](?gxcal ‘mcks
are excluded on the grounds that they would fail to produce anything that anvone {including the
anti-realist) would regard as a theory.)
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interpretation of the basic theoretical notions in terms of some anteced-
ently accepted (and allegedly antecedently ‘understood’) metaphysica)
framework (in the Newtonian case of course this was the framework of
Cartesian action-by-contact mechanics). Without claiming to be an expert
in the foundations of quantum mechanics (and with all due respect for the
peculiarities of that theory), it does seem to me that, by wdentifying the
realist position on quantum mechanics with Einstein’s position. Fine ig
similarly saddling realism with a claim itin fact has no need to make. The
realist is forced to claim that quantum-mechanical states cannot be taken
as primitive, but must somehow be understood or reduced to or defined in
classical terms.

But the structural realist at least is committed (o no such claim—indeed,
he explicitly disowns it. He insists that it is a mistake to think that we can
ever ‘understand’ the nature of the basic furniture of the universe. He
applauds what eventually happened in the Newtonian case. There the
theory proved so persistently successful empirically and so persistently
resistant to ‘mechanistic reduction’ that gravity (understood as a genuine
action-at-a-distance force) became accepted as a primitive irreducible no-
tion. (And action-at-a-distance forces became perfeetly acceptable, and
realistically interpreted, components of other scientific theories. such as
electrostatics.) On the stryctural realist view. what Newton really dis-
covered are the relationships between phenomena expressed in the math-
ematical equations of his theory. the theoretical terms of which should be
understood as genuine primitives,

Is there any reason why a similar structural realist attitude cannot be
adopted towards quantum mechanics? This view would be explicitly div-
orced from the “classical’ metaphysical prejudices of Einstein: that dynami-
cal variables must always have sharp values and that all physical events are
fully determined by antecedent conditions. Instead. the view would simply
be that quantum mechanics does seem to have latched on to the real
structure of the universe, that all sorts of phenomena exhibited by micro-
systems really do depend on the system’s quantum state, which really
does evolve and change in the way quantum mechanics describes.
Itis, of course, true that this state changes discontinuously in a way which
the theory does not further explain when the system interacts with a
‘macroscopic system'—but then Newton's theory does not explain gravita-
tional interaction, but simply postulates that it occurs, {Indeed, no theory.
of course. can explain everything on pain of infinite regress.) If such

* See. in particular, Poincaré’s discussion of the notion of force ({905: 89.-139),
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continuous changes of state seem to cry out for explananon. thl§ is
dse l f\ the deegly ingrained nature of certain classical metaphysical
becaUStt.GnS (just as the idea that action-at-a-distance ‘cried out’ f(?r expla-
asstlilz)p\;; a reflection of a deeply ingrained prejudice for Cartesian-style
na
me;l??tiii)étura] realist simply asserts. in other words. thatt in view of Fhe
theory'bs enormous empirical success, r.he structure of the unlvte}rlsl:al:stflgzajvc
ably) something like quantum-mechanical. It is g mlstakc“to' 11 ﬂ;mmi
d to understand the nature of the quantum state at a ».‘dn a ' f
neeiqtake to think that we need to understand it in classical terms. -(()
i()l:r;e, this is not to assert that hidden variables progrz}mm]es w'e[r’ekok;\:o:s
non-stariers. that working on them was somehow obviously r{ms)d ets o
more than the structural realist needed to assert that thc, fitt)um? Hr;)
Cartesian reduction of gravity were docm-cd fr()n? the siart ic only cn (:1 "
is that ultimately evidence leads the way: if. despite all ettqus. no sc;hegs‘im1
theory can be constructed which incorporates our favour:te.mc::tzlz})) y i();lt
assun;ptions. then no matter how firmly ¢ntrenched thosc pn’n‘mphcs m Tm
be, and no matter how fruitful they may have proved in the past, they mus
i ven up.
unlllr,nsactggshteog:n; th‘(;)'n), that, so long as we are tallfing about srrle-:turul
realism, the reports of realism’s death at the hands of quantum mechanics

are greatly exaggerated.”’
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