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THOMAS MULLER

FORMAL METHODS IN THE
PHILOSOPHY OF NATURAL SCIENCE

What is the proper place of formal methods in philosophy of nalural science, or in
philosophy more broadly speaking? The idea that philosophy should proceed for-
mally ("more geometrico”, as in the title of Spinoza’s Ethica) has been around for
some time, but both the autitude towards formal methods and the understanding of
formal methods itself has changed. Mathematical logic has succeeded geometrical
demonsiration as the paradigm of formal precision, and in technical areas such as
foundations of mathematics and logic, Frege’s and Russell's logicist programmes
indicate early peaks of the application of these metheds. The idea of employing
such formal-logical methods in philosophy more generally was championed by
the logical empiricism of the 1920s and 1930s. Wrestling with the methodolog-
ical foundations of their discipline in an attempt to exclude what they perceived
1o be nonsense, some at the lime even sought recourse in a purely formal-logical
foundation for philosophy. Frege’s student Carnap in his programmatic paper on
“the old and the new logic™ (Carnap, 1930, 26) pul the matter thus: “To pursue
philosophy means nothing but: clarifying the concepts and sentences ol science
by logical analysis.”!

As the philosophical sub-discipline of philosophy of science is to a large extent
historically continuous with logical empiricism, it is no wonder that the newly
emerging field of philosophy of science — which mostly meant: philosophy of
natural science — in the 1950s centered around an array of formal-logical methods.

This attitude towards formal methods has not remained unchalienged: the
1960s saw a historicist turn in philosophy of science that has led to a fairly critical
altitude towards formal methods. As Kuipers (2007, viii) remarks, “many philoso-
phers do not like to be associated with the logical empiricists™. In this paper |
will argue that the availability of new formal methods and an increased sensitiv-
ity for the uses and limitations of formal approaches makes possible a fresh case
for the usefulness of formal methods in philosophy of science and particularly in
the philosophy of natural science. Formal methods also play an integral part in
the methodology of conceptual modeling that lies behind a number of recent suc-
cess stories in that and in related areas of philosophy. Individual contributions of
the ESF Network's Team A, which centers on formal methods, all testify to the
usclulness ol that methodological outlook.

Before arguing for these claims starting in section 2, 1 will set the slage by
expanding a bit on the historical background of the question of the place of formal
methods in philosophy of science.

I German original: “Philosophie betreiben bedeutet nichts Anderes als: die Begriffe und
Sétze der Wissenschaft durch logische Analyse klgren.”

F. Stadler (ed.), The Presem Situation in the Philosophy of Science.
The Philosophy of Science in a European Perspective, DOI 10.1007/978-90-481-9115-4_9,
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| PHILOSOPHY OF NATURAL SCIENCE IN THE 20TH CENTURY

Depending on one’s outlook, philosophy of natural science can he viewed as an old
subject, or as a rather new one. Certainly philosophical reflection accompanied the
development of the New Science in the carly modern period, and there are good
reasons for viewing philosophy of science as a historically unified enterprise with
routs in the [3th century, or even in Arnistotle, This historical linenge is the suhject
of the flounishing field of history of philosophy of science. On the other hand, the
current academic sub-discipline of philosophy of science is a development of the
late 19th and the carly 20th centuries — Ernst Mach in 1895 was the first person i
hold a chair in philosophy of science at Vienna. and the Verein Ernst Mach, subse-
quently the Vienna Circle, 1ogether with the Berlin Circle in the 1920x and 1930s
were the birthplace of logical empiricism, which played a key role in forming and
establishing the discipline of philosophy of science. As already mentioned. this
more recent historical lineage is crucially important when it comes 10 the role of
formal methods.

Logical empiricism was, hroudly speaking, an attempt at wrning philosophy
into a respectable scientific discipline. In the eyes of the propounders of this doc-
trine this meant to abolish metaphysics, where no clear scientific standards were
discernible, and instead to embrace strict standards of reasoning, the strictest of
which, apparently sufficient even for strengthening the Toundations of mathemat-
ics, were made possible by the development of modern formal logic. As the quote
from Carnap given above indicates, logical analysis of science would be all that
was left of serious philosophy.

On the other hand, the idea of a formal siudy of science can also be linked
to the widespread formal self-understanding of science. The idea that proper sci-
ence needs 1o be mathematical has been strong since the 1 Tth century - witness
Galileo's image of the book of nature being writien in the language of mathematics,
or Kant's later pronouncement that a purporied science was a science only insofar
as it was mathematical * It appears only natural that such a subject should be ap-
proached by tools equally mathematical or formal. The use of formal methods in
20th century philosophy of (natural) science thus appears as a confluence of two
mutually supporting wdeas: the logical empiricists’ idea of logical analysis as the
1ol of philosophy. and the commonsensical idea of studying that which of itself is
formal by formal means. Based on the demand for the unity of science character-
istic of logical empiricism, the deployment of formal methods was then assumed
10 spread to other areas as well. The messy details of actual science notwithstand-
ing. unified science was to be rationally reconstrucied using the formal methods ol
logic ~ and that of course meant: of the logic of the time.”

2 Cf Galilei (1623) and Kant (1786)

3 The history is of course more taagled than this sketch suggests, It should not be 1orgot-
fen that the “left wing" Vienna Circle besides Camap also included philosophers like
Neurath, who proposed a pragmatic approach to the philosophy of science Including
psychological and sociological studies, ¢f. Uebel (2001) on Neurath (1932). This idea
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Philosophy of scieace developed as a subject proper mainly in the U.S,, fol-
lowing the cmigration of many of the lcading logical empiricists due 10 the nise of
Nazism.* In the 1950s, the field consolidated around a positivist orthodoxy, leading
to compendia such as Nagel's The Structure of Science (1961). Formal accounts
ol explanation, confirmation. theory reduction, laws of nature, and other key con-
cepts had been worked out by then. The cracks were however already beginning
1o show: the adequacy of those formal accounts appeared doubtful.®

Initially, logical empiricism could respond 1o criticisms about the descriptive
adequacy ol proposed accounts by pointing to their status as first sieps in a re-
search program. When the account of scientific concepts remained questionable
vis-3-vis actual practice over decades, however, it appeared that the research pro-
gram had failed 1o deliver. Historical and sociological studies ol actual science
such as Kuhn's (1962) Structure of Scientific Revolunions (published in the logical
empiricists’ own book series) were seen as more important than logical construc-
tions that increasingly seemed to he built of thin air.

This sketch of the historical background may help to explain the generally
critical attitude towards formal methods that is, or al least was, prevalenl among
many philosophers of science.® Determining the proper place of formal methods
in philosophy of natural science nowadays means to be aware of this historical
buggage, and (0 take up the challenge of showing how the criticism leveled against
logical empiricism’s deployment of formal methods can be met.

2 THE USES AND SUCCESS OF FORMAL METHODS IN RECENT
PHILOSOPHY OF NATURAL SCIENCE

Despite the mentioned criticism. formal methods never vanished from philoso-
phy of science. Many of the early formal-logical accounts - e.g., the deductive-
nomulogical account of explanation — have always remained imporntant for the
field. not at least in teaching the subject, and not just because of their historical
significance, but also because they remain systematically significant due to their
clarity and exactness.

There are however also many new success stonies of the deployment of formal
methods in the philosophy of natural science. | will argue that nowadays, formal
methods have their proper place right in the center of philosophy of science, and
that we can identify two factors that explain their successful return: the develop-

however had litle impact on the development of the subject of philosophy of science
in the years after the Second World War

4 The historical context of logical empiricism is described in detail in the essays of
Stadler, Hoffmann and Reisch in Richardson and Uebel (2007)

5 Cf, however, Feigl (1970) for a dissenting view on the relevanceol actunl sclentific

practice,
6 Fora more detailed overview, cf., ¢.g., Richardson (2007).
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menl of new formal methods on the one hand, and the adoption of the methodology
of conceptual modeling on the other.

2.1 Conceprual modeling

The philosophy of science of the 1950s focused on a mostly static view of the
metamethodological embedding of lformal methods. Explication of key concepts
was considered to be a matier of logical analysis of what was there. More recent
applications of formal methods however mostly occur in a dynamic setting, This
move is usefully described in Kuipers (2007), who tells a story of refined ways of
concept application. In a similar vein, but from a broader perspective, | would like
to describe the respective metamethodological change as a move towards concep-
tual modeling.

In science and engincering, mathematical modeling has long been seen as one
of the most fundamental methodologies, and one of growing importance. Mathe-
matical modeling presupposes quantitative and computational methods. However,
a slight generalization ol the same methodology that may be called conceptual
modeling is ubiguitous also in non-quanlitative research areas. This methodology
and its uses are described in more detail in Liswe and Miiller (2009). Briefly, con-
ceptual modeling is an itcrative process through which a stable reflexive equilib-
rium is reached between a concept or a collection as concepts, X, as explanandum
and a (somewhat) formal representation of it. Each iteration towards the equilib-
rium involves three steps:

|. Formal representation. Guided by either a pretheoretic understanding ol X
or the earlier steps in the iteration, one develops a (more or less) formal
representation of the explanandum.

2. Phenomenology. With a view towards step 3, one collects evidence in the
range of the explanandum that is ideally able either to corrobhorate or to
question the current formal representation.

3. Assessment. In the light of the results from step 2, one assesses the ad-
equacy of the representation. If this assessment is positive, the modeling
cycle is left —no further iteration is necessary since an equilibrium has been
reached. Otherwise, the representation has (o be changed, and a new itera-
tion is started at step |.

This method obviously covers mathematical modeling as employed in the sciences
and in engineering, where the formal representation typically comes with a nu-
merical mathematical model that allows for quantitative predictions. In the case
of philosophy, the scheme usefully generalizes the methods of “conceptual analy-
sis™ or of “logical analysis™ as invoked by Carnap: it leaves room for a dynamical,
ilerative approach, and it is not confined 1o a fixed set of formal means ol repre-
sentation. The examples from philosophy of natural science given below (estify o
the usefulness of that method.

Formal Methods in the Philosophy of Natural Science 115

2.2 Example success stories: new formal methods

Formal methods are nowadays not limited to the traditional field of formal logic
— which by iiself has expanded vastly, providing for modal, temporal and other
logics and giving much formal insight into the important notion ol a model, or a
structure. The methods also include a significant amount of probability theory and
aspects of game lheory, graph theory, computer simulations and other techniques
of formal modeling. It should also be emphasized that in this development, philos-
ophy of science does not play the merely passive role of employing off-the-shelf
techniques developed in other disciplines, but has also led to the development of
new lt?.c:hniqut:t-s.-‘r

In the lollowing short descriptions of formal success stories, the contrast is
always between the way matters were seen within the original paradigm of logical
empiricism focusing on inferential relations among sentences and logical analysis,
and new approaches based on an extended array of formal methods and pursued in
a modeling framework.

No originality is claimed for the accounts of the employment ol lormal meth-
ods given here. These accounts are rather meant to illustrate my main point, which
is that we are witnessing a return of the fruitful employment of formal methods in
philosophy of science. Consequently the following sketches will be rather briel.
Other examples connected with the work done in the ESF Network's Team A could
easily be added, e.g., work on Bayesian methods in confirmation (Fitelson and
Hawthorne, 2005; Huber, 2005), or on social aspects of science (Hartmann and
Bovens, 2008; Dietrich, 2006; Pigozzi, 2006).

Reduction vs. intertheoretic relations What is the relation between a scientific
theory and the theory that historically takes its place — like, e.g., the Newtonian
theory of universal gravilation superseding Galileo’s law of falling bodies? The
new theory should at least account for the same empirical facts as the old one.
Thus, within the logical empiricist paradigm of theories as collections of general
stalemenis, it seemed that some relation of logical derivability or reduction would
be appropriate: the new theory should allow one to derive all empirical statements
of the old one, plus some more. It is easy to see that this idea breaks down even
in the case of the example of Galileo vs. Newton (ironically used as an illustration
by Nagel (1961)): In the earth’s non-uniform gravitational field, the Galilean law
is only an approximation to what Newton's theory predicis,

The move to present-day probabilistic methods has proved to be promising.
Rather than focus on the “reduction” of one theory by another, a wider picture of
intertheoretic relations emerges. That picture also includes the data the theories
account for and thus remains much closer o actual scientific practice (Batterman,
2008; Hartmann, 2008). Methodologically, the move from theory reduction to a

7 Cf.e.g. Leitgeb (2009), who also echoes the earlier programmatic paper of van Ben-
them (1982). CT. also Horsten and Douven (2008) for a state-of-the-an survey.
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Bayesian account of intertheoretic relations exemplilies concrete work in concep-
tual modeling.

Quantum logic: old and new The quantum logic of Birkhoff and von Neu-
mann (1936) was an attempt at reading off a “new logic™ from the mathemalical
structure of quantum mechanics. Initially the idea was to find an interpretation
of propositional connectives like conjunction and ncgation that would be a formal
counterpart (o operations on the set of subspaces of a Hilbert space that constilutes
the state space of a quanium system. A fascinating possibility was that the “true”
logic could wrn out 1o be differemt from classical propositional logic - and for
empirical reasons.

Present-day logic paints a different picture, and again, the concepiual mod-
cling paradigm captures this development. Quantum logic never came o replace
classical logic (signaling inadequacy in the assessment step) - but the logic com-
munity has also become much more open towards the idea that there could be
different logics, each suited to a specific domain.® Furthermore, there are new
tools within logic that can be [ruitfully employed in a study of quantum mechanics
(there are more options for a fresh start of the modeling cycle). In fact dynamic
logics seem 1o be very well suited for a description of quantum operations studied
in quantum information theory (Baltag and Smets, 2008). Thus, advanced formal
methods allow one to leave old normative questions (aboul “the" logic) behind and
work towards a beiter understanding of science as aclually practised.

Determinism and indeterminism of theories The question of whether a given
scientific (heory is deterministic or not, was approached mostly informally be-
fore Montague (1962) introduced a model theoretic approach. In this field many
advanced methods of mathematical physics have been employed, and the formal
technical level of discussion is very high (witness Earman, 2007). In fact here the
deployment of formal methods has significantly advanced other discussions, (0o,
in that the importance of precise definitions of, e.g., the notion of state has been
recognised. Questions of theory determinism or indeterminism are furthermore
relevant not just for philosophy of science, but also for science itself.

2.3 A proper place for modality in the philosophy of narural science?

In the sketches just given | have stressed the involvement of new formal methods
that go beyond the traditional 100lbox of logical empiricism, and the importance
of a broadened understanding of what one is doing in employing formal methods
via the method of conceptual modeling. I will now take a closer look at my last
example, viz,, determinism and indeterminism or, more broadly, the involvement
of modality in the philosophy of natural science.

& Camap’s Principle of Tolerance (Camap, 1937, 511.) already points in that direction.
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Determinism is a modal notion: it signifies the absence of open possibilities.
Maodality arguably plays a role in many other concepts of science, 100: laws of
nature, essences and natural kinds, causation and intervention, and probability.
My suggestion is that the time is ripe for taking modality seriously in philosophy
of natural science.

Even though modality is studied formaily nowadays, this was not so in the
carly days of logical empiricism. From that doctrine’s point ol view, there were
two problems about modality in science. Firstly, modality was interpreted as logi-
cal modality, where logical possibility just means the absence of formal contradic-
tion = but this is not the notion of modality that is needed to analyse the mentioned
scientific concepts. The notion of logical possibility is t0o broad: many things that
are physically impossible are still logically possible (think, e.g.. of going faster
than the speed of light). Secondly, modality apparently has poor empiricist cre-
dentials. This continues to stand in the way of a fruitful employment ol modal
notions in philosophy of science. Alfter all, mere possibilities — possibilities that
are not actualised — are empirically inaccessible because they are unreal, so how
could they be important for empirical science?

The first important step towards an employment of modality in philosophy of
science is to take a lead from the discussion about different modalities. This dis-
cussion developed out of formal research into the semantics of modal logic since
the 1950s. Initially one may view this semantic enterprise as a quest for a for-
mal representation of the meaning of “possibly” and “necessarily”. The semantics
that was established, the so-called Kripke semantics that spells out the modalities
in terms of relations among possible worlds, showed however that there is much
leeway in specifying different modal logics with different semantics. The initial
assessment of this fact was rather critical: among all those options, it seemed that
one still had to lind the right one to specily what “possibly" and “necessarily” re-
ally meant, This assessment has changed in the meantime, and the many options
for a semantics of modality are now seen as a good thing. It has become common
to acknowledge a number of different kinds of modality: there isn't just logical
maodalily. but there are various other kinds of modality that may have different
formal properties and a different metaphysical status. In terms of the modeling
paradigm, this means that a larger range of formal ways of spelling out aspects of
modality has become available. It will be best to explain some of these options
in terms of possibility; the consequences for the dual modality of necessity follow
immediately.’

As mentioned, there is logical possibility: the absence of formal contradiction.
This notion is rather broad. Famously Ramsey pointed out to Wittgenstein that his
Tracratus theory, which relied on logical possibility in postulating the indepen-
dence of clementary propositions, was flawed because it could not, e.g., account
for the rother straightforward impossibility of the same patch’s being both red and
green = no formal contradiction is involved here, since “red” and “green” just fig-

9  Possibility and necessity are dual in the following sense: It is necessary that p if and
only if it is not possible that non-p.
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ure as two different predicates, and it is logically possible for one and the same
thing to fall under any number of different predicates. The colour overlap in ques-
tion is however cleurly impossible in another sense. It has become common (o
speak of meraphysical (im)possibility here, and to base philosophical arguments
on metaphysical rather than logical modality. For philosophy of science, however,
a notion of physical possibility seems to play an even more important role. Phys-
ical possibility is olten taken to be what laws of nature express, and insofar as
science is a quest for the laws of nature, science is really about physical possibil-
ity. Determining the place of maodality in philosophy of science thus comes down
to modeling physical modality.

2.3.1 Modeling physical modality

Questions about the interrelation of various kinds of modality are notoriously dif-
ficult to resolve. There are arguments in favour of modal monism (the claim that
there is one single fundamental modality, 1o which all other modal notions can be
reduced), but also in lavour of modal pluralism (the claim that there are different
irreducible modalities). Thus, the question of whether physical possibility is just
a restricted version of logical or metaphysical possibility has been debated: e.g.,
Fine (2005) argues convincingly that physical and metaphysical modality are in-
dependent and indeed belicves that they are both fundamental, thus providing an
argument in favour of modal pluralism.

My conviction is that physical possibility is not fundamental, and that a fruitful
explanation of the use of possibility in philosophy of science needs to refer to a
different notion of possibility: real possibiliry, also known as historical possibility
because of its link with temporality.'? The peculiarities of that notion of possibility
are best explained via some of its specific formal properties.

2.3.2 The formalities of real possibility

The formalities of real possibility have been worked out since the 1950s. Prior's
Time and Modality (1957) set the agenda for research into the interrelation between
modality and tense, whose [ormal similarilies as sentence-modilying operators had
by then just been recognized. Prior (1967) and subsequently Thomason (1970)
developed models for so-called “"branching time” in which the tempo-modal notion
of an open fulure serves as the basis for a semantics of both the enses and the
modalities ol real possibifity and real necessity. In a model of branching time,
possible courses of events, also called histories, are maximal linear subsets of a

10 Fine, in the mentioned work, explicitly excludes real (“historical™) modality from his
discussion, bul gives no reason [or this {(cf. Fine, 2005, 237n4). This sirikes me as
odd, since he himsell has contributed 10 the development of the formalilies of real
possibility; ¢f. Prior and Fine (1977).
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branching tree of open possibilities.'' A modern description of the branching time
framework is given by Belnap et al. (2001, Chap. 6-8).

In terms of formal properties, real possibility is special because of its inlerac-
tion with the tense operators. We will employ the siandard formalisations of “F”
for the future operator “it will be the case that” (the past tense “it was the case
that" is accordingly symbolized as “P"), and "¢ and (0" for the modal operators
“possibly” and “necessarily”, respectively. A specific aspect of real possibility is
the satisfiability of the formulae

0p&F-0p (F1)

and
Op&~FQp, (F2)

which express the temporality of real possibility. (F1) says that some p that is now
possible, will at some future point in time not be possible any more — a fact that
we know all 0o well, as witnessed by the fact that we sometimes complain about
missed opportunities. (F2) is even stronger, saying that p, which is now possible,
will cease 1o be possible immediately in the future — it's now or never, so to speak.
Instances of this are also well known,

These formulae are nor satisfiable if “0" is read os logical or as metaphysical
possibility; those modal notions are abstract, without any link with the passage
of time. What is logically possible now will remain so forever, and has in fact
always been logically possible — if those temporal determinations make any sense
at all."? For turther formal properties of real possibilities based on branching time,
cfl. again Belnap et al. (2001).

The mentioned formal framework of branching time has been extended in or-
der to overcome one of its major shortcomings: While real possibility is possi-
bility in a concrete and thus concretely localised situation, branching lime does
not caplure that spatial aspect. In the extended formal framework of branching
space-times (BST: Belnap 1992) this aspeci is explicitly recognised, as histories
(possible courses of evenis) in that framework do not have the form of a single
temporal chain of events, bul of a single space-lime. In BST it is therefore pos-
sible to express the fact that somcthing thal is possible here now, is not possible

11 Technically, a history in @ model of branching time is a maximal linear subset of the
Iree, i.e., a subset in which any 1wo elements are comparable and which is maximal
with respect 1o that property. Such a set corresponds 1o a complete path through the
irec.

12 This question is mirrored in the case of mathematics, where there are different opin-
ions as to whether "It is now the case that 2 4+ 2 = 4" makes any sense at all. - Do
nut be misled by the fact that, e.g., a logical possibility may be instantiated as a real
possibility, which then is temporal. E.g.. it is logically possible that crows fly, and it
may be really pussible that a cerain concrete crow that is now before you should fly
within the nexi five minutes. This, however, is not the same as the mentioned abstract
logical possibility, bul also depends on many local and temporal factors, e.g.. the state
of the crow’s feathers and the air pressure.
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now somewhere else.' Belnap's BST is the most advanced formal framework for
studying real possibility available o date, and it has been used in a number of ap-
plications to problems of metaphysics, philosophy of language, and philosophy of
physics.'*

2.3.3 A model for physical possiblity based on real possibility

Physical possibility, the modal notion that determines the laws of nature, belongs
to the same group of abstract, a-temporal modalitics as logical and metaphysical
possibility: whai is physically possible now, has always been physically possible
and will remain so forever.'® Real possibility, on the other hand, is pussibility in
a concrete, indexically specifiable situation: it is right there before us. The main
question about the interrelation of real vs. physical possibility is how scientilic
practice, which is hased on real, concrete expenments and ohservations, can help
us gain access 10 abstract physical possibility. This question is similar to the ques-
tion about the interrelation of theory and ohservation in the sciences, but phrasing
itin terms of possibilities gives it an importan(ly diffcrent twist.

Real possibilities rule in the lab and in scientific work generally: Every con-
crete run of an experiment reveals one of the outcomes that are really possible in
the given, concrete situation - including, in almost all cases, the real possibility
that the experiment may fall due to some sort of interference. Even though exper-
iments thus primarily reveal something about real possibilities, they can sensibly
be seen as probes of physical possibility, too. At least that is what experiments
are designed for: Generally speaking, in an experiment one wants (o find out not
about the really, but about the physically possible outcomes, together with their
probabilities, of an experimental set-up with given, experimenter-controlled ini-
tial conditions. One will therefore disregard cenain runs as not pertinent (o the
guestion about physical possibility (e.g.. because somebody Kicked the apparatus),
even though the pertinence of these runs for the tssuc of real possibility cannot be
questioned. One will also smooth out the observed distribution of results in vari-
ous ways. Details vary by case — here a connection with Bogen and Woodward's
( 1988) data/phenomena distinclion suggests itself: physical possibilities appear as
phenomena distilled from real possibility figuring as data, with all the well-known

13 In view of BST's compatibility with relativity theory, the “now™ of course has 10 be
taken with a grain of salt. Technically, possibilitics are linked to space-lime locations
in BST. in a manner that is fully compatible with the absence of a notion of absolute
simultancity in special relativity theory.

14 Cf.e.g. Belnap (2008) for causation, Weiner and Belnap (2006) and Miller (2005) for
objective single-case probabilitics, Miiller et al. (2008) for modal correlations, Placek
and Muller (2007) for counterfactuals, and Miiller and Placek (2001) as well as Placek
(2009) for Bell-type correlations,

IS5 At least this is so il one disregards scenarios in which the laws of nature change over
time. | will ignore such scenarios in what follows. The point about abstractness would
FEMAIN in any case.
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idiosyncracies of that step. It is generally acknowledged thal there is no formal
way of inferring phenomena from data.

Physical possibilities as summed up in laws of nature and physical theories
are thus determined via the notion of real possibality thut has primacy in scientific
practice. In concrete runs of experiments. real possibilitics sre actualized. Both the
concreie initial situation of the respective runs and the concrele outcomes are then
described via a number of vaniables, giving nise o stable, repeatahle phenomena.
The aim of the experimenter in such a description is 1o record all salient variables,
not everything at all. Physical possibilities (which in o given case may be physi-
cal necessities) are then arrived at from real possibilities: so-called laws of nature
are established as generalisations covering many experiments, and considerations
of saliency again play a crucial role here, as in any case in which phenomena
are inferred (rom data. Statements about laws ol nature on this account have an
unguestionable modal content; they simply report what is physically possible or
necessary, and they are based in real possibilities,

Acknowledgements

1 would like to thank the audience and my co-symposiasts ut the ESF Conference
The Present Situation in the Philosophy of Science, Vienna, |8 December 2008, tor
helpful discussions. This text also draws on material from a reluted paper given
at the Workshop on Formal Methodys in Philosophy, Krakidw, 24 Augusi 2008
Support by the Deutsche Forschungsgemeinschaft is gratefully acknowledged.

REFERENCES

Baitag, A. and Smets, S. (2008), A dynamic-logical perspective on quanium be-
haviour. Studia Logica, 89 (2): 187-211.

Batierman, R. (2008), Interthcory relations in physics, in: Zalie, E N. ed., The
Sianford Encyclopedia of Philosophy. hup:/iplato.stanford edu/archives/Tall

3 scs-interrelat/.

Belnap, N. (1992}, Branching space-time. Svnthese, 92: 185.4%4,

Belnap, N. (2005). A theory of causation: Cousae causanies (originaling causes)
as inus conditions in branching space-times. British Jowrmal for the Philose-
phy of Science, 56: 221-253,

Belnap, N., Perloff, M. and Xu. M. (2001), Facing the Future. Agents and Choices
in Our Indeterminist World. Oxford: Oxford University Press,

Birkhofl, G. and von Neumann, 1. (1936). The logic of quantum mechanics. An-
nals of Mathematics, 37: 823-843,

Bogen, J, and Woodward, 1. (1988), Saving the phenomenn, Philosophical Review,
97 (3): 303-352.

Carnap, R, (1930), Die alte und die neuc Logik, Erkenntnis, 11 12-26,

Dietrich, F. (2006), Judgmeni aggregation: (im)possibility theorems. Jowenal of
Economic Theory, 126 (1) 286-298,



122 Thomas Muller

Earman, J. (2007), Aspects of determinism in modern physics, in: Bunerfield, J.
and Earman, )., eds., Handbook of the Philosophy of Physics, pp. 1369-1434,
Amsterdam: Elsevier.

Fine, K. (2005), Modality and Tense. Oxford: Oxford University Press.

Fitelson, B. and Hawithorne, J. (2005), How Bayesian confirmation theory han-
dles the paradox of the ravens, in: Eells, E. and Fetzer, J., eds., The Place of
Probability in Science. Chicago: Open Court.

Galilei, G. (1623). Il Saggiatore. Rome: Giacomo Mascardi. English translation
as “The Assayer”, in: Drake, S. and O'Malley, C. D., eds., The Controversy
on the Comets of 1618. Philadelphia: University of Pennsylvania Press, 1960.

Hartmann, S. (2008). Between unity and disunity: A Bayesian account of interthe-
oretic relations, Forthcoming.

Hartmann, S. and Bovens, L. (2008), Welfare, voling and the constitution of a fed-
eral assembly, in: Galavoui, M., Scazzieri, R. and Suppes, P., eds., Reasoning,
Rationality and Probabiliry, pp. 61-76. Stanford: CSLL

Horsten, L. and Douven, 1. (2008), Formal methods in the philosophy of science.
Studia Logica 89 (2): 151-162.

Huber, F. (2005), What is the point of confirmation? Philosophy of Science, 72:
1146-1159,

Kant, 1. (1786}, Metaphysische Anfangsgriinde der Naturwissenschaft, English
translation by M. Friedman: Meraphysical Foundations of Natural Science,
Cambridge: Cambridge University Press, 2004

Kuhn, T. S. (1962). The Structure of Scientific Revolutions. International Encyclo-
pedia of Unified Science. Chicago: University of Chicago Press.

Kuipers, T. A. F. (2007), Explication in philosophy of science, in: Kuipers, T A.F,
ed.. Handbaok of the Philosophy of Science. General Philosophy of Science -
Focal Issues, pp. vii-xxiii. Amsterdam: Elsevier.

Leitgeb, H. (2009), Logic in general philosophy of science: Old things and new
things, in: Hendricks, V., ed., PHIBOOK, Yearbook of Philosophical Logic.
Copenhagen: Automatic Press.

Lowe, B. and Miiller, T. (2009), Data and phenomena in conceptual modelling.
Synthese, forthcoming.

Monlague, R. (1962). Deterministic theories, in: Willner, D., ed., Decisians, Val-
ues and Groups, pp. 325-370. Oxford: Pergamon Press. reprinted in Formal
Philosophy, ed. R. H., Thomason, New Haven, CT: Yale University Press,
1974, pp. 303-359.

Miiller, T. (2005), Probability theory and causation: A branching space-time anal-
ysis. British Journal for the Philosophy of Science, 56: 487-520.

Miiller, T.. Belnap, N. and Kishida, K. (2008), Funny business in branching space-
times: infinite modal correlations. Synthese, 164, 141-159.

Miiller, T. and Placek, T. (2001), Against a minimalist reading of Bell's theorem:
lessons from Fine. Synthese, 128: 343-379.

Nagel, E. (1961), The Structure of Science. New York: Hartcourt, Brace and
World.

Formal Methods in the Philosophy of Natural Science 123

Neurath, O. (1932), Soziologie im Physikalismus. Erkenntnis, 2: 393-431.

Pigozzi, G. (2006), Beliel merging and the discursive dilemma: an argument-based
account to paradoxes of judgment aggregation. Synthese, 152 (2): 285-298,

Placck. T. (2009). On propensity-frequentist models for stochastic phenomena
with applications to Bell's theorem, in: Czarnecki, T., Kijania-Placek, K.,
Kukushkina, V., and Woleriski, J. (eds.), The Analytical Way. Proceedings of
the 6th Enropean Congress of Analytic Philasophy. London: College Publica-
tions 2009.

Placek. T. and Miiller, T. (2007), Counterfactuals and historical possibility. Syn-
these, 154 173-197.

Prior, A. N. (1957), Time and Medality. Oxford: Oxford University Press.

Prior, A. N. (1967), Past, Present and Future. Oxford: Oxford University Press.

Prior, A. N. and Fine, K. (1977), Worlds, Times and Selves. London: Duckworth.

Richardson, A. (2007), Thomas Kuhn and the decline of Logical Empiricism, in:
Richardson and Uebel (2007), pp. 346-369,

Richardson, A. and Uebel, T. E., eds. (2007), The Cambridge Companion to Log-
ical Empiricism. Cambridge: Cambridge University Press.

Thomason, R, H. (1970), Indeterminist time and truth-value gaps. Theoria (Lund),
36 264-281.

Uebel, T. (2001), Carnap and Neurath in exile: Can their dispules be resolved?
International Studies in the Philosophy of Science, 15: 211-220.

van Benthem, J. (1982), The logical study of science, Synthese, 51: 431-472,

Weiner, M. and Belnap, N. (2006), How causal possibilities might fit inlo our ob-
jectively indeterministic world. Synthese, 149: 1-36,

Depantment of Philosophy
Utrecht University
Heidelberglaan 6

3584 CS Uirechi

The Netherlands :
Thomas. Mueller @phil uwnl



	Text1: Ersch. in: The present situation in the philosophy of science / Friedrich Stadler, general ed... - Dordrecht [u.a.] : Springer, 2010. - S. 111-123. - (The Philosophy of Science in a European Perspective ; 1). - ISBN 978-90-481-9114-7
http://dx.doi.org/10.1007/978-90-481-9115-4_9
	Text2: Konstanzer Online-Publikations-System (KOPS)
URL: http://nbn-resolving.de/urn:nbn:de:bsz:352-272349


