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Ab stract:
If the de fend ers of typ i cal postmodern ac counts of sci ence (and their less ex -
treme so cial-constructivist part ners) are at one end of the scale in cur rent phi -
los o phy of sci ence, who shall we place at the other end? Old-style meta phys -
i cal re al ists? Neo-neo-positivists? ... Are the choices con cern ing re al ist is sues 
as sim ple as be ing cen tered around ei ther, on the one hand, whether it is the
way re al ity is “con structed” in ac cor dance with some con tin gent lan guage
game that de ter mines sci en tific “truth”; or, on the other hand, whether it is
the way things are in an in de pend ent re al ity that makes our the o ries true or
false? If, in terms of re al ism, “strong” im plies “meta phys i cal” in the tra di -
tional sense, and “weak” im plies “non-absolutist” or “non-unique”, what – if
any thing – could re al ism af ter Rorty's shat ter ing of the mir ror of na ture still
en tail? In ac cor dance with my po si tion as a model-theoretic re al ist, I shall
show in this ar ti cle the rel e vance of the as sump tion of an in de pend ent re al ity
for postmodern (phi los o phy of) sci ence – against Lyotard's dis missal of the
ne ces sity of this as sump tion for sci ence which he in ter prets as a
non-privileged game among many oth ers. I shall im ply that sci ence is nei ther 
the “child” of posi tiv ist phi los o phy who has out grown her mother, free ing
her self from meta phys ics and epis te mol ogy, nor is sci ence, at the other end
of the scale, foundationless and up for grabs.

1 Non-classical logics
The in ter pre ta tion of phi los o phy of sci ence, and so, by im pli ca tion, of sci ence, that I
shall of fer in this pa per might be char ac ter ised as postmodern mainly in so far that it
ac com mo dates a cer tain no tion of di ver sity and that it pos its and deals with var i ous
pos si bil i ties of re la tion ships be tween the ory and em pir i cal prac tices. How ever, a dis -
tinc tion is still made be tween the con tent of sci ence (i.e. its the o ries, meth ods, and rea -
son ing) and the con text in which sci ence is prac tised, al though it is not only the con -
tent of sci ence that is taken to be fun da men tal for un der stand ing the pro cesses of sci -
ence. On the other hand, the ac count of fered here may turn out not to be postmodern
in any way, since my in ter pre ta tion de picts the his tory of sci ence as a re al ist nar ra tive
of ra tio nal ity, prog ress, and truth which does per haps un der a cer tain in ter pre ta tion
serve to le git i mate the prod ucts of sci ence. The set tling of this point is some how
though not re ally cru cial to me here and also this ar ti cle is not pri mar ily meant as a cri -
tique of Lyotard's (or any one else's) no tion of sci ence. Rather what is im por tant is the
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ob jec tive of this ar ti cle to of fer an al ter na tive pos si bil ity to make sense of what we
have now real ised in terms of the var ied con structed na ture of sci ence in gen eral and
the im pli ca tions there-of for phi los o phy of sci ence in par tic u lar.1

My claim is that the defeasible na ture of sci en tific knowl edge does not nec es sar ily
pre sup pose the aban don ment of phi los o phy in re la tion to the knowl edge claims made
by sci ence, it merely means the aban don ment of a foundationalist in ter pre ta tion of
phi los o phy in re la tion to sci ence. In sci ence we need doxai to get to epist'm', and,
epist'm' is not the ab so lute un break able prod uct that some have taken it to be, but
rather some thing much more hu man. How ever in my con text this im plies no form of
play ful rel a tiv ism, but rather a new un der stand ing of the re la tion ship be tween sci ence
and phi los o phy show ing us that sci en tific knowl edge is “cer tain” and “true” and “re -
fers” to re al ity in qual i fied con tex tual ways that are trace able with the aid of cer tain
vari a tions of for mal se man tics in gen eral and some forms of con tem po rary non-
 classical logics in par tic u lar. My anal y sis here is se man ti cal, and in par tic u lar the ba sic 
tenet of the model-theoretic re al ism I ad vo cate is that the same lan guage terms can re -
fer to more than one en tity in some mod els of the rel e vant lan guage (the ory), and also,
in the op po site di rec tion, the same ob ject – or range of ob jects, or re la tions be tween
ob jects – in some real sys tem can be re ferred to by more than one model, and, most
im por tantly, these re la tions of ref er ence can be traced, or ar tic u lated, by us ing
Tarskian model-theoretic tools. And the multi-interpretability of sci en tific the o ries is
the re al ist coun ter – sur pris ingly enough per haps – to the ab stract na ture of sci ence.

A fi nal ob jec tive of this pa per is to show that, con trary to tra di tional char ac teri sa -
tions of logic as the ar che type of ri gid ity and ab so lute truth, ty ing log i cal anal y ses to
ex act – in the sense of “unique” – de ter mi na tions of the mean ing of lin guis tic ex pres -
sions can not suc ceed, given the fact that these de ter mi na tions are con tin gent on the na -
ture of the very mod els they help de fine. This does not cut out logic from our de pic -
tion of sci ence and its phi los o phy at all though, as we shall see be low.

My views re gard ing the na ture of sci en tific knowl edge fits well with the fol low ing
char ac teri sa tion of sci ence and its method(s) of fered by Illka Niiniluoto (1999: 5). He
de picts sci ence as a “lo cal be lief sys tem” com pa ra ble with other meth ods of ac quir ing
be liefs about the world such as myths, re li gion, meta phys ics, and even com mon sense
(1999: 5). He de scribes sci ence as “a source of cog ni tive at ti tudes about the world,
char ac ter ised by its re li ance on the self-cor rec tive sci en tific method [a Peirce-ian no -
tion]” (1999: 4), and claims that “for the most part, sci en tific ac tiv i ties do not in volve
be lief in the sense of hold ing-to-be-true: rather ... [based on cer tain as sump tions or
so-called ‘back ground knowl edge’] sci en tists pro pose hy poth e ses and pur sue re search
programmes in in ves ti gat ing the lim its of the cor rect ness of their the o ries” (1999: 5).
He con cludes that sci ence, if suc cess ful, “will ... have ten ta tive re sults, in prin ci ple al -
ways open to fur ther chal lenge by later in ves ti ga tions, which con sti tute what is usu ally 
re ferred to as the ‘sci en tific knowl edge’ of the day” (1999: 5). Sci en tific knowl edge,
in these terms, is defeasible and may be rep re sented in many dif fer ent ways, but it is
also cu mu la tive and ra tio nal.

In the re main der of this sec tion I shall ex plore re cent de vel op ments in for mal se man -
tics and knowl edge rep re sen ta tion to es tab lish that re la tion ships be tween logic and
phi los o phy in the con text of re flec tions on sci ence – yes, and even in terms of
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1 See also in this con text Hennie Lötter's (1994: 155-156) dis cus sion of for in stance Pe ter Galison's phi -
los o phy of sci ence in terms of postmodern con tent.
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“postmodern” sci ence – are alive and well. In Sec tion 2 I shall briefly show how a
model-theoretic pref er en tial anal y sis of sci ence can of fer the pos si bil ity of a ra tio nal
dis cus sion of sci ence and its pro cesses. This is pos si ble even if sci ence is ana lysed in
terms of non-unique in ter pre ta tions and com plex clus ters of model-specific the ory ap -
pli ca tions. In Sec tion 3 we shall see that there is a way in which truth and ref er ence are 
still in tel li gi ble al beit in a heavily qual i fied way, and fi nally in Sec tion 4 I shall dis cuss 
some postmodern ideas on phi los o phy and sci ence.

Now, let us briefly con sider the role of logic in stud ies of knowl edge rep re sen ta tion
of real sys tems. The no tion of a for mal lan guage has its foun da tion in Frege's 1879
Begriffsschrift, in which he de vel oped Leibniz's no tion of a “cal cu lus of signs, an ar ti -
fi cially con structed lan guage hav ing a pre cisely de fined gram mar and un am big u ous
sen tences” (Heidema & Labuschagne ,1999). Frege used his no tion of a for mal lan -
guage to con struct a foun da tion for math e mat ics, and to show that the truth of math e -
mat ics fol lows from uni ver sal log i cal prin ci ples. The ob jec tive of logicism was thus
the con struc tion of “one large and com plex for mal lan guage, the uni ver sally valid sen -
tences of which would rep re sent the ba sic truths of math e mat ics” (Heidema &
Labuschagne, 1999) – much as the uni ver sal meta-lan guage as pro posed by phi los o -
phy in its tra di tional foundationalist sense, was by some sup posed to rep re sent the ba -
sic truths of nat u ral sci ence. By the be gin ning of the 20th cen tury knowl edge rep re sen -
ta tion was still caught up in Rus sell's rigid log i cal at om ist par a digm, ac cord ing to
which the de no ta tion of con stants and the con se quent mean ing of sen tences were taken 
to be uniquely as signed. In their con tin u ance of Frege's programme Rus sell and
White head how ever, came up against “le git i mate math e mat i cal as sump tions that were
not uni ver sal log i cal prin ci ples, most no ta bly the ax i oms of in fin ity and choice”
(Heidema & Labuschagne, 1999).

These anom a lies even tu ally con trib uted to a shift in the fo cus of logic stud ies to -
wards sen tences that could be re garded as rep re sen ta tions of knowl edge of par tic u lar
sys tems with out be ing uni ver sally valid. These sen tences were not taken to be long to
one uni ver sal super lan guage, but rather to dif fer ent cal culi, “each hav ing a vo cab u -
lary de signed to suit the rep re sen ta tion of knowl edge about the com po nents of [some
rel e vant] ... sys tem” in re al ity (Heidema & Labuschagne, 1999). The most im por tant
con se quence of these de vel op ments was the ac knowl edge ment that each for mal lan -
guage “ad mits a large col lec tion of pos si ble in ter pre ta tions” (Heidema & Labu -
schagne, 1999). By the nine teen fif ties Al fred Tarski's model the ory, and his views in
par tic u lar on truth and log i cal con se quence, had ma tured into a def i ni tion of truth in
terms of re la tions be tween sen tences and in ter pre ta tions. His stud ies of the prop er ties
be tween sets of sen tences and classes of in ter pre ta tions opened up new ho ri zons for
stud ies in for mal logic in gen eral, and knowl edge rep re sen ta tion in par tic u lar.

This new de vel op ment in stud ies in knowl edge rep re sen ta tion and its ap pli ca tion in
non-classical logics un der mine the con no ta tion of “ab so lute ness” tra di tion ally given to 
the word “knowl edge” that used to rule ref er ence to “laws of na ture” (Heidema &
Labuschagne 2001). Given my view of sci ence as a body of defeasible knowl edge
claims stand ing in cer tain time-bound re la tion ships to re al ity, I ad vo cate ap pli ca tions
of con tem po rary non-classical ar ti fi cial in tel li gence logics (such as non-monotonic
logic, epistemic modal logic, and tem po ral logic) to defeasible sci en tific knowl edge
with out giv ing up on ra tio nally ac count ing for ei ther the pro cesses of sci ence in gen -
eral or, in par tic u lar, for the mo ti va tions be hind par tic u lar choices for cer tain rep re sen -
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ta tions of real sys tems above oth ers at cer tain times. I view the ap pli ca tion of theseta tions of real sys tems above oth ers at cer tain times. I view the ap pli ca tion of these
non-classical logics to the prob lem of par tial or defeasible knowl edge, not in the sense
of knowl edge of in di vid ual agents as is the case in ar ti fi cial in tel li gence and cog ni tive
sci ence ap pli ca tions, but rather in the sense of rep re sent ing knowl edge in terms of the
var i ous con texts in which the pro cesses of sci ence take place – cov er ing the whole
spec trum from very gen eral dis ci plin ary ma tri ces as back ground to a cer tain the ory or
set of the o ries, to much more par tic u lar em pir i cal mod els rep re sent ing as pects of real
sys tems.2

For rea sons of space I shall now briefly de scribe only the struc ture of a non-mono -
tonic logic, in par tic u lar one akin to Yoav Shoham's. A non-monotonic logic con sists
(for our pres ent ex pos i tory pur poses) of a prop o si tional lan guage over a fi nite set A of
at oms, to gether with a min i mal model se man tics. This se man tics al lo cates truth val ues
to sen tences with the aid of the usual val u a tions, but uses a to tal pre-order on the set of 
val u a tions to de fine a new se man tic con se quence re la tion be tween sen tences, namely
the defeasible en tail ment re la tion.3 This en tail ment re la tion rep re sents the “key dis tinc -
tion be tween defeasible and in de fea si ble in fer ences” (Ginsberg, 1987: 9) since it
makes ex plicit the dif fer ence be tween monotonic and non-monotonic rea son ing. In
clas si cal logic A Ö C if C is true in all the mod els of A, how ever un wanted or in ap pli -
ca ble. More over, since all the mod els of A Ù B are also mod els of A, it fol lows that A 
Ù B Ö C, and hence that an in crease in the knowl edge rep re sented by the an te ced ent of 
an en tail ment re la tion in clas si cal logic does not in val i date the knowl edge rep re sented
by the con se quent of the re la tion, and so clas si cal logic is “monotonic”. 

In line with the fact that “defeasible con clu sions may need to be re tracted in the
pres ence of ad di tional in for ma tion” (Ginsberg, 1987: 9), in a non-monotonic frame -
work we have that A |~ C if C is true in all pre ferred mod els of A, which im plies that
we choose only a sub set of the mod els of A, ac cord ing to some pref er ence we have for 
them at a given time. Fur ther more, in terms of a change per haps of our knowl edge of
the sys tem at is sue, A Ù B may have pre ferred mod els that are not pre ferred mod els of
A, and so the consequents of A are not nec es sar ily in cluded any more among those of
A Ù B in the non-monotonic con text. The mean ing of a for mula in clas si cal logic is the 
set of in ter pre ta tions that sat is fies it, or its set of mod els. In the con text of a non-
 monotonic logic we only ac cept a sub set of those mod els, that is, those that are ‘pref er -
a ble’ in a cer tain re spect (these pre ferred mod els are some times called “min i mal mod -
els”). 

The main idea is that an agent (a com mu nity of sci en tists work ing in some dis ci plin -
ary ma trix) may have two kinds of knowl edge (Heidema & Labuschagne, 2001):
sentential in for ma tion about the as pects of the real sys tem at is sue, and which may be
ex pressed in the “de signer-built vo cab u lary” of the rel e vant for mal lan guage (or cal cu -
lus) (Heidema & Labuschagne, 2001); and heu ris tic meta-in for ma tion de picted in
terms of so-called “de fault rules” in non-monotonic terms, and mo ti vat ing cer tain
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2 I choose the se man tics re lated to non-clas si cal logics above nu mer i cal se man tics (such as prob a bil ity
the ory in any form (ei ther pure or ap plied), many-val ued logics, and fuzzy logic) since I view the na ture
of the pro cesses of sci ence and of sci en tific knowl edge as too sup ple to al ways al low nu mer i cal as sign -
ment of val ues to choices made in sci en tific rea son ing. An other rea son why I pre fer for in stance the
min i mal model se man tics of non-monotonic logics to nu mer i cal se man tics in the con text of sci en tific
knowl edge: the no tion of pref er ence un der ly ing de fault rules (rep re sented in terms of to tal pre-or ders) is 
com par a tive rather than ab so lute (Heidema & Labuschagne, 1999).

3 See the for mal def i ni tions given in the Ap pen dix.
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choices the agent/sci en tist makes at a given time. No tice that there is no grand scheme
of ab so lute knowl edge ‘serv ing’ these agents as it were, but rather that meta-in for ma -
tion here is a lo cal change able con cept.

The stan dard rep re sen ta tion of meta-information is as a re la tion on the set of states
[of a sys tem]. In the case of the min i mal model se man tics re lated to non-monotonic
logics this re la tion – which de ter mines defeasible en tail ment in a given con text – is a
pref er ence re la tion on states (worlds, mod els) and is de picted as a “to tal pre-order”,
which is a re flex ive, tran si tive re la tion ca pa ble of ef fect ing com par i sons be tween ar bi -
trary states. In tu itively, such re la tions are thought of as al lo cat ing states (of some real
sys tem) to lev els of nor mal ity, or pref er ence. To tal pre-orders are the for mal ex pres -
sions of non-numerical de fault rules stat ing pref er ence for cer tain mod els above oth -
ers.

EX AM PLE 1: A LIGHT-FAN SYS TEM I4

Ã A phys i cal light-fan sys tem

Ã A two-valued prop o si tional lan guage with at oms p and q, where

Ã p: “the light is on”
Ã q: “the fan is on”

and
Ã p can be T/F (1/0) or q can be T/F (1/0)
Ã and where
Ã a spe cific val u a tion de picts a spe cific state of the sys tem
Ã such that the four pos si ble states of the sys tem are de picted by 11, 10, 01, 00

Ã Say we theo rise that p Ú q

Ã This pres ents us with a re duced frame of the lan guage con tain ing 11, 10, 01
Ã Say the em pir i cal sit u a tion is such that we can only ob serve the light, and we

de ter mine that the light is on

Ã This pres ents us with a fur ther re duced frame con tain ing only 11 and 10
Ã But, say now when read ing a de scrip tion of the light-fan sys tem we de ter mine that

           when ever the light is on, so should the fan be

Ã This pres ents us with only one most likely state of the sys tem, namely 11

Hence, the de fault rule “Ex pe ri ence and back ground knowl edge have shown that usu ally when
the light is on, so is the fan”, pres ents us with the fol low ing or der ing of states:
                                                            01       00
                                                                 10
                                                                 11

The pro cess of mak ing in formed guesses on the ba sis of a mix ture of def i nite knowl -
edge and de fault rules is called defeasible rea son ing. The word “defeasible” re flects
the fact that our guess may turn out to be wrong, in other words that the de fault rule
may be “de feated” by ex cep tional cir cum stances, or a change of cir cum stances caused
by a change in the con tent of our knowl edge. Defeasible in fer ences are in her ently
non-monotonic, since amend ing our sys tem of knowl edge might change our con clu -
sions. “Thus min i mal model se man tics pro vides one way to make pre cise the no tion of 
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4 Ex am ple from Ruttkamp (2003).
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a defeasible be lief: a sen tence sup ported by the agent's knowl edge in the sense of be -
ing true in the min i mal mod els of that knowl edge” (Heidema & Labuschagne, 1999).

In terms of phi los o phy of sci ence the above of fers a mech a nism for show ing and ex -
press ing the fact that we do some times re flect on knowl edge, and its ac qui si tion, com -
mu ni ca tion, and rep re sen ta tion from some meta-stance, but that such stances are lo cal, 
NOT in the sense that they can only merely be re duced to con text, but rather, also, in
the sense that they rep re sent amend able or defeasible view points.

2.1 Ap pli ca tion: the prob lem of over- determination

(a) A model-theoretic view of sci ence5

We know from the struc ture of math e mat i cal model the ory and its def i ni tions of in ter -
pre ta tions of (sen tences in) for mal lan guages of the pos si bil ity of many dif fer ent mod -
els of a given the ory T (in lan guage L). These mod els are in ter pre ta tions of T's lan -
guage in the Tarskian sense and the choices be tween them are de ter mined by – among
other fac tors – the re search in ten tions and the matic pref er ences of the sci en tists ap ply -
ing T within some ac cepted Kuhnian dis ci plin ary ma trix, or “against” some back -
ground meta-theory. A model of a the ory sees to it that ev ery pred i cate of the lan guage 
of the the ory has a de fin i tive ex ten sion in the un der ly ing do main of the model. Now,
when fo cus ing on a par tic u lar real sys tem at is sue in the con text of ap ply ing a the ory,
which in its turn im plies a spe cific em pir i cal set-up in terms of the mea sur able quan ti -
ties of that par tic u lar real sys tem, it makes sense to con cen trate only on the pred i cates
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Figure 1: A model-theoretic account of
science I
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5 Fig ure from Ruttkamp (2002).
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in the math e mat i cal model of the the ory un der con sid er ation that may be termed “em -
pir i cal” pred i cates (in the par tic u lar con text of ap pli ca tion).

This is how an em pir i cal reduct is for mu lated. Re call that a “reduct” in model- theo -
retic terms is cre ated by leav ing out of the lan guage and its in ter pre ta tions some of the
re la tions and func tions orig i nally con tained in these en ti ties. This kind of struc ture
thus has the same do main as the model in ques tion but con tains only the ex ten sions of
the em pir i cal pred i cates of the model. No tice that these ex ten sions may be in fi nite
since they still are the full ex ten sions of the pred i cates in ques tion.

Now, from the ex per i men tal ac tiv i ties car ried out in re la tion to the real sys tem fo -
cused on at a par tic u lar time, a con cep tuali sation of the re sults of these ac tiv i ties, i.e.
of the data re sult ing from cer tain in ter ac tions with this sys tem (such as per form ing cer -
tain ex per i men tal tests), may be for mu lated. This (math e mat i cal) con cep tuali sation of
data is rep re sented as an em pir i cal model. Then, we may find that there is a one-to-one 
iso mor phic em bed ding func tion from the em pir i cal model into the em pir i cal reduct in
ques tion, which would im ply that there ex ists some re la tion of ref er ence be tween our
orig i nal the ory and the real sys tem we are con sid er ing. Why? The em pir i cal model
con tains fi nite ex ten sions of the em pir i cal pred i cates at is sue in the em pir i cal reduct,
since only a fi nite num ber of ob ser va tions can be made at a cer tain time.

To sum ma rise: In ter pre ta tive mod els in ter pret all terms in the ap pro pri ate rel e vant
lan guage in which a given the ory is for mu lated, and sat isfy the the ory at is sue.6 In em -
pir i cal reducts are in ter preted only the terms called “em pir i cal” in rel e vant con texts of
ap pli ca tion or em pir i cal sit u a tions. Think of these sub struc tures of the in ter pre ta tive
mod els as rep re sent ing sets of all atomic sen tences ex press ible in the par tic u lar em pir i -
cal ter mi nol o gies true in the in ter pre ta tive mod els. Em pir i cal mod els – still math e mat i -
cal struc tures – can be rep re sented as fi nite sub sets of these sets of atomic sen tences,
and con tain em pir i cal data for mu lated in the rel e vant lan guage of the the ory.7

In these terms nei ther the ad e quacy (“truth”) of our con cep tions nor the “re al ity” of
the sys tem as de scribed by some the ory, is ab so lute, be cause both are prod ucts of
epistemically rel a tive in ter pre ta tions and sub ject to change. Hence, model-theoretically 
speak ing, the o ries are over-de ter mined by data and by their in di vid ual mod els. Let me
first clar ify what I mean by the term “over-determination”, build ing on my com ments
in the pre vi ous sec tions. “Em pir i cal pro lif er a tion” or the “over-determination” of the o -
ries by mod els is in a sense the re verse of the tra di tional un der-determination of the o -
ries by data sce nario.8 In the con text of un der-determination of the o ries by data, the
bot tom line is that em pir i cal data are too in com plete to de ter mine uniquely any one
the ory. Within a model-theoretic frame work the other side of the coin – i.e. over- deter -
mination of the o ries by their mod els – be comes ev i dent in a two fold way. First, if we
ac cept the re-interpretability of the lan guage of a rel e vant the ory, one the ory may be
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6 Please note my par tic u lar use of the term “in ter pre ta tive model”. There are other def i ni tions for it in gen -
eral phi los o phy of sci ence lit er a ture that are not ap pli ca ble here.

7 Most of the above is also dis cussed, and, in places, at some what greater length, in both Ruttkamp (2002) 
and Ruttkamp (2003).

8 More pre cisely, tra di tion ally the na ture of un der-de ter mi na tion has been un der stood in terms of two
kinds of re la tions be tween the “real world” and sci en tific the o ries. The first kind is taken to ex ist be -
tween phe nom ena (or whole sys tems) in re al ity and the ob ser va tion terms of the o ries, while the sec ond
kind of re la tion is said to ex ist be tween sets of pro to col sen tences (formed from the ob ser va tion terms
and ex press ing data) and pos si ble the o ries in cor po rat ing or ex plain ing such a set of pro to col sen tences – 
that is, the ex is tence of in com pat i ble but em pir i cally equiv a lent the o ries.
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true in many dif fer ent mod els, and stand in re la tions of em pir i cal ad e quacy to many
dif fer ent em pir i cal mod els. Sec ond, the in for ma tion mod els carry is com plete in the
sense that ev ery term in the vo cab u lary of the lan guage of the rel e vant the ory is in ter -
preted in terms of the mod els' do main(s) of dis course. In this ar ti cle the fo cus is in par -
tic u lar on the first in ter pre ta tion of the term “over-determination”, since the sec ond, al -
though re lated, is not prob lem atic in the same way.

In the sci en tific con text I claim a de fault rule con tain ing at least the fol low ing two
con di tions – or or der ings – might be use ful in al low ing us to get a grip on the com -
plex ity of re la tions be tween the o ries and their var i ous mod els in terms of a par tic u lar
kind of pref er en tial rank ing of these mod els, and so to find a new per spec tive on the
com plex ity of knowl edge rep re sen ta tion in sci ence.9 This or der ing in duces an or der ing 
of em pir i cal mod els, of em pir i cal reducts and mod els of the o ries them selves, and may
ul ti mately, by the defeasible en tail ment re la tion, even re sult in a rank ing of the o ries.

The first con di tion in duces an or der ing or rank ing of em pir i cal mod els in terms of
pre ci sion or ac cu racy. This con di tion has to do with the high est qual ity of data and the
fin est level of tech nol ogy. An em pir i cal model, M1, is pref er a ble to an other one if the
sen tences of the rel e vant lan guage are more pre cise or ex act in M1 than in other rel e -
vant em pir i cal mod els. For now, I am con sid er ing cases here where we have to choose 
among dif fer ent equiv a lent em pir i cal mod els of which all may be em bed ded into em -
pir i cal reducts of the same type. The sec ond con di tion that I would in clude in my de -
fault rule, is how ever more of ten con cerned, to gether with a choice of em pir i cal
model, also with a choice of em pir i cal reduct, since here the con di tion im plies a rank -
ing of em pir i cal mod els that may in duce a rank ing of em pir i cal reducts. Here the rule
states that em pir i cal mod els that can be em bed ded into em pir i cal reducts of a type that
con tains a larger class of em pir i cal terms than oth ers, are pref er a ble.

Both con di tions im ply a rank ing of the “strength” of links be tween the o ries and re al -
ity. This is triv ial in the case of the first con di tion, since pre ci sion is an ob vi ous ad van -
tage. In the case of the sec ond con di tion such a rank ing in terms of strength of ref er -
ence oc curs be cause a the ory that is model-theoretically linked to an em pir i cal model
em bed ded into an em pir i cal reduct con tain ing a larger class of em pir i cal terms than
oth ers, may be said to be more ef fec tively “about” some real sys tem than would oth er -
wise be the case. In ad di tion, the first con di tion also rep re sents the cu mu la tive  pro -
gress of sci ence, es pe cially in terms of tech no log i cal ad vances. As far as the sec ond
con di tion goes, in terms of the prog ress of sci ence, it might be pref er a ble to have a
mech a nism jus ti fy ing in clud ing into a par tic u lar model of a the ory pre vi ously ex og e -
nous fac tors as en dog e nous ones. (Think of the prob lems re lated to such changes in
phi los o phy of eco nom ics, and how a non-monotonic pref er en tial anal y sis might im -
pact on re solv ing those prob lems.)

Placing both these con di tions to gether into one de fault rule we may find that the re -
sult ing rank ings of em pir i cal mod els in duce rank ings of em pir i cal reducts, which
might in duce rank ings of mod els them selves, and which, may, ul ti mately, in duce rank -
ings of the o ries via the non-monotonic (defeasible) en tail ment re la tion. Thus non-mo -
no tonic pref er en tial de fault rules and con se quent rank ings en able us to re duce both the 
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9 The pos si bil ity of over-de ter mi na tion is in tro duced and its na ture spe cif i cally dis cussed in Ruttkamp
(2003).
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avail able – or pos si ble – choices of mod els, em pir i cal reducts, and em pir i cal mod els10,
while still al low ing a ra tio nal ar tic u la tion of the var i ous con tin gent links be tween the o -
ries and their dif fer ent mod els at cer tain stages of the ory de vel op ment.

EX AM PLE 2: A LIGHT-FAN SYS TEM II 11

Ã The ory: p Ú q º T

Ã Em pir i cal sit u a tion: Only the light can be ob served, and is seen to be on
This im plies that

p: em pir i cal term
q: the o ret i cal term

Ã

Models of T
(in ran dom or der)

Em pir i cal Reducts
(in ran dom or der)

Em pir i cal mod els
(in ran dom or der)

11
10
01

1-
1-
0-

1-

Ã The ob ser va tion of the light be ing on, ex cludes the em pir i cal reduct 0-, which in turn ex -
cludes the model 01

Ã Our choice of em pir i cal model thus in duces the fol low ing or der ing of em pir i cal reducts:
0-
1-

which in cludes the fol low ing or der ing of mod els
01

11  10

Ã This changes our the ory to T’ º p

We can thus in the face of the fact that our fal li ble sen sory ex pe ri ence and the fi nite -
ness of ex per i men tal data at a given time in di cate that our knowl edge of re al ity at such 
a time is lim ited, con tex tual, and tem po rary, ra tio nally dis cuss the choices we make
con cern ing so-called “em pir i cally equiv a lent” mod els. Thus, rather than cel e brat ing
the loss of a one-to-one re la tion of truth and ref er ence in di cat ing the emp ti ness of phi -
lo s o phy in the foundationalist sense, I use non-classical anal y ses of sci ence – such as
the model-theoretic pref er en tial one briefly touched on here – that can deal with the
pro cesses of sci ence re sult ing in a body of con tin gent data about sys tems in re al ity that 
of fers us “glimpses” of dif fer ent as pects of real sys tems at dif fer ent times. The point of 
a model-theoretic re al ism is ex actly that in stead of of fer ing sim ply one in tended model 
of “re al ity”, a the ory is de picted as a way of con struct ing or spec i fy ing a col lec tion of
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10 Al though the above ap pli ca tion of non-monotonic logic starts at a finer level of anal y sis than is usu ally
the case in non-monotonic con texts (where we sim ply look at rank ings of the states – mod els – of the
sys tem in ques tion), the model-the o retic struc tur ing of re la tions be tween mod els, em pir i cal reducts, and
em pir i cal mod els makes pos si ble the kind of “car ry ing over” of rank ings that I have set out above. 

11 Ex am ple from Ruttkamp (2003).
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al ter na tive mod els, each of which may rep re sent, ex plain, and pre dict dif fer ent as pects
of the same (or dif fer ent) real sys tem(s) via the same or dif fer ent em pir i cal reducts
isomorphically linked to the same or dif fer ent em pir i cal mod els.

There are many (more and more di verse) ap pli ca tion ar eas of non-monotonic rea -
son ing, such as Minsky's dis cus sions of vi sion, Mc Car thy's sug ges tion that de fault rea -
son ing is used as a “com mu ni ca tion con ven tion” in the area of nat u ral lan guage pro -
cess ing, Reiter's work on so-called closed-world da ta bases, the field of tem po ral logic, 
work in phi los o phy of sci ence, and ob vi ously, in gen eral, the ap pli ca tions in AI pro -
gram ming.12

2.2 Truth and ref er ence

In a model-theoretic rep re sen ta tion of sci ence such as mine the ba sic on to log i cal as -
sump tion made is that sci ence is about some thing that ex ists in de pend ently of it. This
on to log i cal as sump tion has how ever as lit tle meta phys i cal con tent as pos si ble.13 In
model-theoretic terms sci ence is an in di vid ual and so cial con struc tion. Sci ence is
“tran si tive” in Roy Bhaskar's sense as against the “intransitivity” of re al ity. Sci ence is
un doubt edly about “Na ture”, and about dis cov er ing the in tri ca cies of the mech a nisms
ac cord ing to which “Na ture” op er ates. In model-theoretic terms the aim of sci ence
sim ply is to of fer cer tain ideal ised “in sights” into the com plex work ings of “Na ture”.

And, more over, model-theoretic re al ism does im ply that the terms in the o ries re fer to 
ob jects or re la tions in sys tems in re al ity. The re-interpretability of the lan guage of sci -
ence, or of the o ries in par tic u lar, to gether with the fact that the “em pir i cal” na ture of
reducts is con tin gent on a cer tain in ter pre ta tion and em pir i cal sit u a tion, im ply that
claim ing model-theoretic ref er ence is suf fi cient to es tab lish a form of re al ism, since in
this ref er en tial-se man tic sense it can be shown that unobervables “ex ist” in real sys -
tems (in the sense that terms in the o ries might af ter all be shown to re fer to them). The
con tex tu ally em pir i cal terms re fer di rectly, and the con tex tu ally the o ret i cal terms in di -
rectly, “by im pli ca tion”, via their con cep tual and log i cal links to the em pir i cal terms
es tab lished by the the ory. Thus, say ing that the the o ret i cal term “elec tron” “re fers” (or
“ex ists”) with out any ref er ence to mod els or in ter pre ta tions or reducts is sim ply not re -
ally sen si ble.

Some phi los o phers might be scorn ful about this kind of “weak” re al ism, while ac tu -
ally this re al ism is “weak” only be cause “strong” means tra di tional meta phys i cal re al -
ism. “Weak” means non-absolutist, and in that sense model-theoretic re al ism is much
stron ger and more flex i ble than typ i cal meta phys i cal sci en tific re al ism.

No tice that re flec tions on whether we are ex am in ing a “cor rect” or “true” rep re sen -
ta tion of re al ity re main, at the least, na ive. The slo gan of a model-theoretic re al ism is
“truth with out uni ver sal ity”. “Truth” is rel a tive to spe cific mod els. Ques tions of truth
can in deed only be set tled by fo cus ing on con di tions of ver i fi ca tion, but in the se man -
tic sense of de fin ing in ter pre ta tions of the sci en tific lan guage on spec i fied do mains of
dis course. So, there are el e ments of con ven tion al ism in a model-theoretic ap proach to
the o ries, in the sense that “truth” is some thing that we “cre ate” by our (heu ris tic or
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12 Other ap pli ca tions of non-monotonic logic in philo soph i cal ac counts of sci ence which I dis cuss in a
model-the o retic pref er en tial con text are the study of dif fer ent stages of the ory cor rob o ra tion (Ruttkamp
forth com ing(b)), and the is sue of the ory re duc tion in the wider con text of the unity of sci ence (Ruttkamp 
forth com ing(a)).

13 See Ruttkamp (2002) for a more in-depth dis cus sion of the meta phys i cal na ture of cer tain of the ba sic
ten ets of tra di tional sci en tific re al ism.
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prag matic) choices (of in ter pre ta tion), and not some thing dic tated to us by na ture (or
phi los o phy). At the same time though, we un der stand that the “truth” of a the ory in
one model means the same as “truth” of the same or an other the ory in an other model – 
in other words the no tion of truth is tran scen den tal, in the sense of be ing philo soph i -
cally ef fable even though it can only be given con tent in par tic u lar (dif fer ent) con texts. 
This con ven tion al ism how ever does not col lapse into the kind of reductionism against
which Quine had it in “Two dogma's” (1953). The range of ver i fy ing con di tions cor re -
spond ing to each state ment of a lan guage are not de ter mi na ble a pri ori, be cause the
choice of (ver i fi ca tion) con di tions rests on the na ture of the in ter pre ta tional do main of
de no ta tion for a given lan guage, which, in its turn, is de ter mined by ex tra-logical and
ex tra-scientific fac tors in her ent to dis ci plin ary ma tri ces and goals of the ory ap pli ca tion 
ex pressed in dif fer ent sets of de fault rules (among oth ers).

We should not ask ques tions re gard ing any over all aim of sci ence, but rather fo cus
on dif fer ent lo cal aims of dis ci plines and even dis ci plin ary ma tri ces within dis ci plines. 
Re call Fine's (1986: 173) warn ing against the log i cal fal lacy of de duc ing “There is an
aim they all have” from “They all have aims”. A va ri ety of ques tions can be asked
about any as pect of sci ence at any time – i.e. no global as ser tions of truth or ref er ence
are ac cept able, but rather we should fo cus on lo cal as ser tions ne go ti ated by sci en tists
them selves for use in their con texts and re flected in non-classical anal y ses of sci en tific 
prac tice. The es sence of sci ence is con tin gent, his tor i cal and it is con stantly grow ing –
or at least chang ing – as a re sult of in ter nal and ex ter nal pres sures.

3 Some ideas on postmodern philosophy and science

Mod ern and also postmodern phi los o phy of sci ence may be char ac ter ised in many dif -
fer ent ways. Jean-François Lyotard's def i ni tion of postmodernism im plies that phi los o -
phy in the foundationalist sense has lost its cred i bil ity in terms of uni fy ing all knowl -
edge, and that we are faced with a pro lif er a tion of dis courses (or lan guage games),
which are “de ter mined lo cally” (Cilliers, 1995: 127), and not “le git i mated ex ter nally”
(Cilliers, 1995: 127). So “[t]here are many dif fer ent lan guage games – a het er o ge ne ity
of el e ments” (Lyotard in Baynes 1987: 74). Also keep in mind here Lyotard's sub se -
quent de mo tion of phi los o phy (Cloete 2002) to just an other dis course or lan guage
game among many oth ers. In these terms sci ence “has no spe cial le git i macy, no ba sis
out side the agree ment among mem bers of a com mu nity” (Holub, 1991: 147). Against
this, my point is that sci en tists do not nec es sar ily ul ti mately agree with each other be -
cause they are part of the same “lan guage game” or dis ci plin ary ma trix or con text of
the ory ap pli ca tion. They agree (or dis agree) be cause they can un der stand the rea sons
for each other's ac tions and choices and, most im por tantly, be cause they can ra tio nally
rep re sent and ex plain these choices.

The main fo cus for postmodernists in this con text is Lyotard's de nial of the trans -
latability of the rules of one lan guage game to those of an other, which causes the prag -
matic realm (Holub, 1991: 141) of lan guage games to be “un gov erned by tran scen den -
tal or pre-es tab lished rules” (Holub, 1991: 141), so-called “meta-prescriptives”. Thus
Lyotard (1984: 65) de nies that it is pos si ble to come to con sen sus on the uni ver sal va -
lid ity of cer tain meta-prescriptives or rules for lan guage games, and so in other words,
he de nies the pos si bil ity of a uni ver sal meta-lan guage. But we have seen that it is pos -
si ble to do with out such a meta-lan guage and still trace the pro cesses of sci ence in a
ra tio nal way. I of fer one way in which such dis cus sion be come pos si ble by turn ing to
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the mech a nism of non-monotonic de fault logic and its min i mal model se man tics rep re -
sented in terms of de fault rules tell ing us why cer tain choices were made in cer tain
con texts. These de fault rules are out side the logic em ployed to rep re sent the knowl -
edge of a cer tain sys tem in re al ity, but not part of any grand nar ra tive be cause they are
heu ris tic and con tin gent on the con text within which they are ap plied.

Lyotard claims though that it is the “func tion of the dif fer en tial/ima gini ta tive/ para-
 log i cal ac tiv ity of the cur rent pragmatics of sci ence to point out ... meta- pre scriptives
(sci ence's 'pre-sup po si tions') and to pe ti tion play ers to ac cept dif fer ent ones” (Lyotard, 
1984: 65). I agree, ex cept that my in ter pre ta tion of the pragmatics of sci ence does not
de pict it in terms of be ing para-log i cal (non-log i cal), but rather in terms of of fer ing
con tex tual al ways-amend able ways to rep re sent knowl edge of real sys tems. Cilliers
(1995), in an ar ti cle en ti tled “Postmodern knowl edge and com plex ity”, writes that
Lyotard uses the word “paralogy” to show that “log i cal de scrip tions are not ad e quate
when deal ing with the rich ness and con tra dic tions of con tin gent com plex ity” (Lyotard, 
1984: 131). He con tin ues, “[m]any sto ries, even con tra dic tory ones, can be told about
sin gle events or phe nom ena. ... Paralogy is ‘a move played in the pragmatics of knowl -
edge’, the con se quences of which can not be de ter mined a pri ori” (Lyotard, 1984:
131). Clas si cal logic's de scrip tions are per haps not ad e quate to deal with com plex con -
tin gen cies, but the mech a nisms of non-clas si cal logics have been de signed to do ex -
actly that. In deed no im pli ca tions of “moves” played in the pro cesses (or pragmatics)
of sci ence can be of fered a pri ori, rather these can only be de ter mined his tor i cally by
pick ing out cer tain con tex tual ref er en tial links in the com plex web be tween the o ries
and real sys tems as part of the con tent of sci ence. Also it is not the quest for paralogy,
but rather the fact that we can ra tio nally trace (by mak ing use of the heuristics of
non-clas si cal logics) our de ci sions and their im pli ca tions in given con texts of the pro -
cess of sci ence, that val i dates the adop tion of rules or meta-prescriptives – al beit only
tem po rarily.

4 Philosophy of science today

Lyotard did not con demn sci en tific knowl edge as such, but only a cer tain un der stand -
ing or rep re sen ta tion of sci en tific knowl edge, namely the mod ern ist no tion of phi los o -
phy as in cor po rat ing all knowl edge claims into one grand meta-narrative. I, too, con -
sid ered here a cer tain un der stand ing of sci en tific knowl edge and phi los o phy. My ar gu -
ments thus far im ply that sci en tific ac tions – and their au thor ity – are not about Na ture
in the tra di tional confirmational sense of sat is fy ing some set of a-temporal meth od -
olog i cal rules and of fer ing a body of neu tral pure ob jec tive data about re al ity. But, nei -
ther do the en tire sci en tific en ter prise and its prod ucts of fer sim ply sets of (false) con -
text-specific data. Rather, sci ence is about “Na ture” in the sense that it is a sys tem of
knowl edge claims that may be ana lysed ac cord ing to a set of (defeasible) rules that re -
sults in a body of con tin gent data about sys tems in re al ity that of fers us “snap shots” of
“Na ture”.

One could, rather than speak of a spe cific sci en tific meth od ol ogy in the sense of
con struct ing a meta-narrative rul ing all forms of knowl edge, speak of sci en tific meth -
ods as ide ally pro vid ing model-dependent model-modifiable strat e gies of sci en tific
evo lu tion, be cause such strat e gies (aided by the tools of non-monotonic logic in terms
of min i mal model se man tics) of fer – within a re al ist con text – the pos si bil ity of mod i -
fy ing or amend ing our ex ist ing the o ries in the light of fur ther re search. The con tin u ous 
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self-corrective na ture of sci ence is also con firmed, since the meth od olog i cal prin ci ples 
of a strat egy like this will them selves de pend on the the o ret i cal pic ture pro vided by
cur rently ac cepted the o ries. Both our new the o ries and the meth od ol ogy by which we
de velop and ap ply them de pend upon pre vi ously ac quired the o ret i cal knowl edge. And
this fact about the cumulation of sci en tific knowl edge – as well as sci ence's var i ous re -
la tions to re al ity – can suc cess fully be sup ported and ex plained by a model-theoretic
pref er en tial – re al ist – con cep tion of sci en tific knowl edge.

The role phi los o phy of sci ence has to play in the new con text we have found for sci -
ence, be comes far more chal leng ing and nuanced than be fore. Af ter Kuhn, the choices
for phi los o phy of sci ence seemed to be be tween fol low ing a de scrip tive his tor i cal
method, or con tin u ing with the posi tiv ist quest for the log i cal and quan ti ta tive ex pli ca -
tion of con cepts (Niiniluoto, 1999: 14). Illka Niiniluoto (1999) in his book en ti tled
Cri t i cal sci en tific re al ism com ments that a strict dis tinc tion be tween his tor i cal and for -
mal meth ods in phi los o phy of sci ence is un wise. Es pe cially in the light of the new de -
vel op ments in non-clas si cal logics and knowl edge rep re sen ta tion, logic (and quan ti ta -
tive stud ies) are not re stricted to the mere study of “com pleted sys tems” (Niiniluoto,
1999), but can also study the pro cesses, prac tice, and growth of sci ence. Think for in -
stance of ap pli ca tions of epistemic logic, non-monotonic logic, tem po ral logic,
Carnap- Hintikka mea sures of se man tic in for ma tion, and Tich...-Oddie-Niiniluoto mea -
sures of veri sim il i tude to is sues con cern ing sci en tific change.

The por trayal of the log i cal empiricists of phi los o phy of sci ence as a pre scrip tive a
pri ori ac count of sci en tific ra tio nal ity (Niiniluoto, 1999: 14), may be con trasted in the
his tory of phi los o phy with the nat u ral ist turn that Lakatos de vel oped (in the sense of
his de mand for meth od ol ogy to be tested against the ac tual his tory of sci ence), the
prag ma tist “nat u ral phi los o phy” of Quine, and also the constructivist/so cio log i cal ac -
count of sci ence, which all to var i ous de grees claim that phi los o phy of sci ence is a
study of the ac tual prac tice of sci ence. I agree though, with Niiniluoto (Niiniluoto,
1999: 15) that, al though phi los o phy of sci ence has a lot to learn from em pir i cal dis ci -
plines such as cog ni tive sci ence and the so ci ol ogy and his tory of sci ence, we should be 
care ful to re duce epis te mol ogy to em pir i cal psy chol ogy.

A con cep tual ob jec tion against such a re duc tion is that al though our be liefs may be
the ob jects of so-called “nat u ral ist” em pir i cal stud ies, the def i ni tion of “truth” and
“jus ti fi ca tion”, “knowl edge” and “con fir ma tion”, and many other epistemological con -
cepts like these, is a mat ter of philo soph i cal dis pute (Niiniluoto, 1999: 15). The de mar -
ca tion of sci ence is for in stance a ba sic prob lem in the phi los o phy of sci ence, and “ev -
ery at tempt to study the ac tual his tory and prac tice of sci ence al ready pre sup poses
some an swer to this ques tion” (Niiniluoto, 1999: 15).

An other ob sta cle to a re duc tion of phi los o phy of sci ence to some em pir i cal dis ci -
pline is nor ma tive in na ture. Ac knowl edg ing that the de scrip tive study of how we
think is rel e vant to the nor ma tive study of how we ought to think, does not im ply that
the lat ter can be taken care of by study ing the for mer (Niiniluoto, 1999: 15). If we test
meth od ol ogy against the his tory of sci ence, and thus ac cept the suc cesses of us ing case 
stud ies to “test” or sup port cer tain views in philo soph i cal ac counts of sci ence, we
come up against the fol low ing cir cu lar ity. Say for in stance a case study shows that a
group of sci en tists “fa vours ‘bold hy poth e ses’ and ‘se vere tests’, then we may judge
that they, or their teach ers, have read Pop per ...” Niiniluoto, 1999: . To avoid this cir -
cu lar ity, it seems we need to find some group of sci en tists un touched by any meth od -
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olog i cal or philo soph i cal ideas (Niiniluoto, 1999: 17), and in this sense, surely, nat u -
ral ism is im plau si ble.

The point here is that al though phi los o phers of sci ence should have a good knowl -
edge of sci en tific prac tice in all its forms and so ac knowl edge a place for his tor i cal
stud ies, they should also be able to criti cise the way sci ence is ac tu ally done. This im -
plies that re gard less of whether we are con sid er ing on to log i cal, se man ti cal, epistemo -
logical, axiological, meth od olog i cal, or eth i cal prob lems in the con text of sci ence, al -
though we need sup port from sci en tific knowl edge, “gen u inely philo soph i cal as pects
of these is sues re main on the agenda” (Niiniluoto, 1999: 17).

This though, does not mean a re turn to foun da tional or “first” phi los o phy. Sci ence
does not need phi los o phy as its foun da tion – and I might add, per haps phi los o phy also
does not need sci ence in this way ei ther. The for mer po si tion has been sup ported in at
least two dif fer ent ways: De fend ers of the “posi tiv ist” view (Quine) – mo ti vated by the 
be lief of sci ence as the par a digm of ra tio nal ity – hold that sci ence may be “a child of
phi los o phy, but has grown com pletely in de pend ent of her mother, i.e. ma ture sci ence
has hap pily got rid of meta phys ics and epis te mol ogy” (Niiniluoto, 1999: 17). De fend -
ers of the “post modern” view (Lyotard) hold the “anti-Kantian” view that noth ing has
foun da tions and so col lapse sci ence stud ies into his tor i cal or so cio log i cal de scrip tion.

Does the ne ga tion of one ex treme how ever nec es sar ily im ply the af fir ma tion of its
op po site? Just be cause phi los o phy turned out not to be a le git i mat ing meta-narrative,
does not mean there is no role for phi los o phy. Just be cause sci ence is with out the priv -
i leged pro tec tion of uni ver sal ity and ab so lute truth, does not mean there is no such
thing as sci en tific knowl edge. Just be cause sci ence it self con sists of in nu mer a ble dif -
fer ent lan guage games and is also it self one lan guage game among many oth ers does
not mean that no com mu ni ca tion or ra tio nal dis cus sion of the pro cesses of sci ence is
pos si ble.

Both ex tremes are wrong. Sci ence is a ra tio nal cog ni tive but in com plete en ter prise
(Niiniluoto, 1999): its ten ta tive re sults are al ways amend able and in need of in ter pre ta -
tion and anal y sis, while its meth ods can be im proved in terms of re li abil ity. Phi los o -
phy of sci ence can not give and is not about giv ing ab so lute and fi nal foun da tions for
sci ence, but “it can not leave sci ence as it is” (Niiniluoto, 1999: 17). Nor ma tive ques -
tions about sci en tific en quiry and knowl edge have to be asked and an swered, stan -
dards need to be con stantly re-eval u ated, and the ac tiv i ties of sci ence need to be criti -
cised if needed. Also the so cial role of the pro cesses of sci ence is in need of philo -
soph i cal re flec tion and so also the eth ics of sci ence is in con stant need of philo soph i cal 
at ten tion. Phi los o phy of sci ence can how ever only suc cess fully ad dress these is sues in
con ver sa tion with sci ence and its dis ci plines.

Thus, on the one hand it might be the case that we all “live in on go ing sto ries”
(Rouse, 1990: 181) – even in sci ence (Lötter, 1994: 157). On the other hand philo -
soph i cal anal y ses of these sto ries are needed and pos si ble. Ev i dence of the need is
given sim ply by look ing at the var i ous ac counts of sci ence we have briefly touched on
in this ar ti cle. Per haps, given an in ter pre ta tion of sci ence as com plex and change able,
cor ri gi ble and ten ta tive, we should not ask whether some phi los o phy of sci ence is
mod ern or postmodern, but rather sim ply check if it helps us com pre hend sci ence and
its pro cesses in new ways.
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AP PEN DIX: For mal def i ni tions

Def i ni tion 1
Let G be any set. A re la tion R Í G ́  G is a to tal preorder on G iff
Ã R is re flex ive on G (i.e. for ev ery x Î G, (x,x) Î R), and

Ã R is tran si tive (i.e. if (x,y) Î R and (y,z) Î R, then (x,z) Î R), and

Ã R is to tal on G (i.e. for ev ery x Î G and y Î G, ei ther (x,y) Î R or else (y,x) Î R.

Def i ni tion 2
Let L be a prop o si tional lan guage over some fi nite set A of at oms. Let W be the set of all lo -
cal val u a tions of L (i.e. func tions from A to {T, F}). A ranked fi nite model of L is a tri ple M
= (G, R, V) such that
Ã G is a fi nite set of pos si ble worlds,

Ã R is a to tal preorder on G, and

Ã V is a la bel ling func tion from G to W.

By a de fault model of L we un der stand a ranked fi nite model (G, R, V) in which G = W, R is
a to tal preorder on W, and V is the iden tity func tion (i.e. V(w) = w for all w Î W).

Def i ni tion 3
Sup pose that L is a prop o si tional lan guage over a fi nite set A of at oms, and that M = (G, R,
V) is a ranked fi nite model of L. Given a sen tence a of L and a pos si ble world x Î G, the fol -
low ing rules de ter mine whether M sat is fies a at x:
Ã if a is an atom in A, then M sat is fies a at x iff the val u a tion V(x) as signs to a the truth value T;

Ã if a is ¬b then M sat is fies a at x iff M does not sat isfy b at x;

Ã if a is bÙg then M sat is fies a at x iff M sat is fies both b and g at x;

Ã if a is bÚg then M sat is fies a at x iff M sat is fies b at x or g at x;

Ã if a is b®g then M sat is fies a at x iff M sat is fies ¬b at x or sat is fies g at x;

Ã if a is b«g then M sat is fies a at x iff M sat is fies both b and g at x or sat is fies nei ther at x.

Def i ni tion 4
Sup pose L is a prop o si tional lan guage over a fi nite set A of at oms, and that M = (G, R, V) is 
a ranked fi nite model of L. Let a and b be any sen tences of L. The sen tence a defeasibly en -
tails b iff M sat is fies b at ev ery pos si ble world x such that
Ã M sat is fies a at x, and

Ã x is min i mal amongst the worlds sat is fy ing a, i.e. there is no pos si ble world y of M such that b
is sat is fied at y and (y,x) Î R and (x,y) Ï R.
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