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Wh:ll is the proper place of formal methods in philosophy of natural 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, hut both the auilude towards formal methods and the understanding of 
formal methods itself has changed. Mathematical logic has succeeded geometrical 
demonstration as the paradigm of formal precision, and in technical areas such as 
foundations of mathematics and logic, Frege's and Russell's logicis t programmes 
indicate early peaks of the application of these methods. 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 or their discipline in an attempt to exclude what they perceived 
to be nonsense, some :11 the time even sought recourse in a purely formal-logical 
foundnlion for philosophy. Frege's student Carnap in his programmatic paper on 
"the old and the new logic" (Carnap. 1930. 26) put the matter thus: " To pursue 
philosophy means nothing hut: clarifying the concepts and semt:nces of science 
hy logical analysis."1 

As the philosophical sub-discipli ne of philosophy of science is to a large extent 
historic:tlly continuous with logical empiricism, it is no wonder that the newly 
emerging field of philosophy of science - which mostly mean!: philosophy of 
nniUral science- in 1he 1950s centered around an array of formal-logical melhods. 

This :tllitude towards formal methods has not remained unchallenged: the 
1960s saw a historicist turn in philosophy of science that has led to a fairly cr itical 
allitude towards formal methods. As Kuipers (2007, viii) remarks, "many philoso­
phers do not l ike to he associated with the logical empiricists". In this paper I 
will argue that the avai labil i ty of new formal melhods and an increased sensitiv­
ity for the uses and l imitations of formal approaches makes possible a fresh case 
for the usefulnc::ss of formal methods in phi losophy of science and particularly in 
the phi losophy of natural science. Formal methods also play an integral p:lrt in 
the methodology of conceptual modeling that lies behind a number of recem 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 
usefulness of that methodological outlook. 

Before arguing for these claims starting in section 2. I will set the stage by 
expanding a hit on the historical background of the question of the place of formal 
methods in philosophy of science. 

German original: "Philosophic be1reiben bedeutet nichts Anderes als: die BegriiTe und 
Sl!tze der Wissenschaft durch logische Analyse klllren." 
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I PHJLOSOPtW m f\IATURAL '\Cl f. CE IN THE 20TH C~~TL R' 

0cJ"ICntJlng •mcmc·~ uuti•IOI., pht iU!>(\J'Ihy nf natur.al sciellCl' c;~n he v~ed :t\ nn old 
~uhJccl, , .. os :~rolho.:r new Olh! Cctt.lltlly plul~lphlcal rell~:tJun .ccnm~nu:d the 
d.:veh'J)mcnt (I{ the Nc:w SetCIXC IR chc Clrl)' modern p..'t'io..l, anu then: Dr.: ovd 
rclbons lor vic" 1ng phil[lsnphy of <iete~e :as a bisturie:~lly un1bcd entc:rpnl.l.' w11h 
rn<l4 \ 1n the I "llh century. ur even 1n Anstmlc. This historic:. I hnc:ogc: Is the \UhJCCI 
of the ilounshmg lield n l htsU>ry or ptul~ophy of science. On thc Other h:u14.1, the 
current ocudcmic suh-dlsctphnc of ph1lcN.tphy of science tS a deveiQpmcnt of 111\: 
late 19th 11 11d the Cllrly 20.h c~:ntuno- t-.rO!.I M:tch in 1895 w:~s the li~t pc,.,on 111 

hold :1 chair 10 philo'\Oflhy nf~IC:IlCC 111 Vicnn.t. nnJ the Vnt'm £rn11 Mnrh, \UN· 
qucntly the Vimnfl Crrde, ln!!Cihcr w11h ttl.! Buli11 Cirdt' in lhc 192<h and 1910.. 
were the hinhplncc of log1cal emp.ru:t~m . wh1ch played a key role tn fnmuna and 
e~t:tbli~hlng the diSCiJ")hnl.' (11 phllllsophy (l( SCience. As nlrCJdy menuoned th1 
more recent historical linc:nge i~o crucially imJ")onnnt when 11 come' 111 the role M 
lonnnl methods 

Logtcnl empiricism wn,, hrn<tuly ~pcnklng, an attempt ot turning phti01CIJlhY 
into n rcspcc!Oblc sciuntlllc lhsclplinc. In the eyes or the rropoumJcrs ol" this due 
trine this meant w nholish mctnrhysic~ . where no clear scientific standards were 
di~cernlhlc. :u1!.1 in~tcm.J lo cmhrucc wict ~l:lndorus of reasoning. I he wiCICM nf 
WhiCh, UJ'lpUrCnt ly !.UffiCit:'lll even Jor strengthening the fOUilU:ll illllS 0 1 mnthemnt· 
ic). were mack pcMchlc hy the development nr modern Corm:~ I logic. A<; the quote 
fr"'m C;~mup ~uven :Jh.nc 111d1C:II IC\, logical analysis or scien~e would he oil tiM 
~.~<:h left of \crious ph1IO\(IJ>hy 

On the olher hlnd, the 1de:1 ur 3 l t~rmal study of SCience can Dl<oO he ltn~ed 
to 1~ ~.~ocde\pread rormol \Cif·undef,,oo<hnr of science The 1dc3 that propc:r 'oCt· 

cnce m .. "Cd.\ to he mnthcm:~uc:ll h:b hl.-cn ~trong since the 17th century - witne~o: 
G;llilctJ·, lffi:l{:e c1f till" htlf>l. uf naturc: hl:1nl! wriucn in the langua&c ,If m.uhcmauc ... 
or K:1nc later pronouncement th:u a purported science \1,~ 11 M:1cnce only 111.\0fltf 

:10: 11 \1.3\ m:Jtb.:m3tiCl21 2 It nppcal"' only natur:~llh:ll such :a ~uhJ«I ~hould he ~tp­
prooch.:d hy tool" equally mat~mouc:nl nr formal The usc of fcwmol method~ 1n 
10th C\'lltury rh•h':.4'rfl>' etf (n.;atur .. l) <.cicnce thu~ :~~rs as 3 conOucnce of t\I.C> 

mutullly SuA"lOftln& 1dc.l~ the luaccal emp1nci.sts" tde:l of IO&ICOI on~ly 11. Cllo tit~ 
tool of philosoph f. 11nd the cclf11mon~n)ICDIIde:! of studying t~t whK:h of it...c: lf h 
((lrm:JI by fomwl mcaM. 8:1~ on the dem:tnd for the unuy N SC'1encc ch~r;.ctc:r· 
iqic n( I~IC'.21 empmc:i\m, cb< dl.-ployment of fonnal methods w;b then ~~~umed 
hl ' PfC:ld Ill uther :.n:a~ g, well The mc.."y dct:~i ls of ac:tu:~l science n(l(v.i th\l:lnd­
•ng. unchcd .;c~encc w:" Ill I"C rautlfl~lly rocnns1ructed us•n!! the rnnnAI mcthnu~ nl 
logtc: and thJI of tllur~ meant: ol 1hc logtc of the tunc.1 

2 cr CJiilcl ( 1621) Rllll Kant (1786) 
1 1 he hhtury ~~ 111 courNc mo1c tunglcd th1111 1hl~ ~kerch suggc.~l~. It should not bl: lortt<>t 

len lhnt the " lei'! wing" V1cnnu Clrdc bcs1de~ Camap also inc.'lud~d phtlo~ophcr~ like 
Neunnh. who PniiXhed ~ rmamal lc Approach 10 the phiiO\Ophy or science Jncludln& 
fl'Ytholojlicnl and 'octologteal studiC\. ~r. Uehcl (2001 ) on Neur.~th (1912). This 1dea 
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Pllilc•"'flhY of ~cience d~el(lflCd 3~ a wbJCCI proper matnly 10 the U.S . fol­
mtt the cmc~ratioo of man) of the lcadcng logtclll c:mprrlCISb due 10 the n"C of 

Nw .. m ~ In tb.: 1950s, tile ficlu coo-.ohdltcc.l .. ,,,und a ~ill\ 1s1 Clrthodo~ty,leadsng 
IO compendia <iUCh :IS :tge"l's nt~ StriiNUfP of St:ltflct ( 1961) Furm:.l l\t:COUnls 
ul e\rl3n;~uun. confumluloo lheury n:d~11on. l.1vw of n.:uure. and other I.e> con­
ccJ)b h.Jd been \lourk~ out h) then The .:r..c~ ~~rcrc: ~C'\'cr aln:.ldy begmmng 
co'""" the :Kiequacy of those formaln.xount.s nppc:~red doobtful.s 

lllllllllly. ktg~e:tl empincism could r~lod to cn ticisms about the de$Crlpc1ve 
:~Jo:quaq· ul proposed accounb by po1o11ng to tbcrr st:llu!> ;s.<; fin~ Meps in I) re­
se~rch progr:1m. When the :lCCOUnt Clr SCientific conccrcs retnJrlle\J ques11on.able 
>'I{·~·' '' a.:tu~J pr.!ctice owr eke:.~. hcw.-e,.:r 11 :~rrewed thillt the n:~rc:h pro­
aram ho~d f:JIIed to deliver. Histoncill anJ ~()Ctologc.:..l S1udH:$ ol ~ctuaJ SCience 
,u.;h a:. Kuhn ·s C 1962) Slrucwre of S. mwfic R~1ulu11oru (pul!hshed 1n the lo~1eal 

cmpm lS I,' own book series) were ~en o~ mc>rc 1mport:~nttluln logtc:al coo~lf\IC· 
liM~ that incr.:~smgly seemed to he butlt of thm :ur 

Th1s ~okctch of the historienl hac~gruund may help 10 cxpl~in the generally 
crilu::~ luli i iUdt: towards formal method~ thn1 " ·or al ICJSI wns, prevalent runong 
many plulnsophers of science.6 Ol!tcrm111ing the proper plnce or formal method~ 
in phllusophy or nmural science nowudnyh means to be aware or chi$ h1storicol 
hugguge, and lo lake up the challenge of showing how the crhictsm leveled ogoins1 
loglcol l!mpiricism's deployment of fom1ol methods can he met. 

2 THF USES A'ID SuCCES~ 0 1- FORMAL METHODS 11'1 RE.CFNT 
PHILOSOPHY OF ' ATURAL SCI[j~,Cf 

~111: the memioned crilicio;m. f()(m:ll methocJ~ ne,er vancshed lmm phtloso­
phy of <;<:renee. Mnn} or the ellTiy ruml31·1ogicJI liCCOUnts - e.g .. the dedUCIIVC· 
numlllng1c:ll .lccount of explanation - ha,·c always rem3tned unpona.nt few the 
field. 001 lit least an t~hing the subject. and 1104 just hccats5c ,,( their hl\toncal 
)IJintficnntc:. but :~lso hecause they remrun Y'lcmaucolly s1gnilkant due 10 1he1r 
clltfity Gnd CA3C:IDCSS.. 

lllere are however also m3ny r.,..,, SUCCI!~\ o;ron es nf the deployment ol form:~ I 
method.~ tn I he philosophy or natur:~l scu:nce. I will argue that no"'ndays. rormol 
method~ ~,·e their proper place rtf ht tn the center or phllo:.ophy nf etc nee. and 
thJt we cnn 1d~:ntify two facton th;st CJCpl.:un their succc.,srul return: the develop-

however had litlle impact on the dcvelop!TII.'nl or tht subjcfl or phlln~ophy of 'IC~ncc 
m 1he y~mrs Dfter the Second World War 

<1 The h1stoncal come.\t or logical cmpl rlc l~m I,\ dc~crlbcd 111 l.le1a 11 In the e~say~ of 
S1otl l.:r. Hoffmann and Reisch ln Rlchnrtlqtm unJ Uebel (2007) 

.5 cr.. tlowewr. Feigl (1970) for 3 dissenting view on the rclcvanccor acruol scientific 
practice. 

t1 Fur J more: dt.:tailed overvi.:w, cf .. c g .• Richnrd~on (~007). 
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ment of new formal methods on the one hand. and the adoption of the mcthl'ldology 
of conceptual modeling on the other. 

2. 1 Cnncepwal modeling 

The philosophy o f science of the 1950s focused on a mostly static view or the 
metamethodological emnedding of formal methods. Explication of key concepts 
was considered to he a maHer of logical analysis of what was there. M ore recent 
applications of formal methods however mostly occur in a dyn:Jmic selling. This 
move is usefully descrihed in Kuipers (2007). who tells a story of refined ways of 
concept appl ication. In a similar vein. but from a broader perspective. I would l ike 
to describe the respective metamethodological change as a move towards concep­
wal modeling. 

In science and engineering, mathematical modeling has long been seen as one 
of the most fundamental methodologies, nod one of growjng importance. M nthe­
mntical modeling presupposes quantitative and computational methods. However, 
a slight general ization of the same methodology that may be called conceptual 
modeling is ubiquitous also in non-quantitative research areas. This methodology 
and its uses are descriheu in more detail in Lowe and Miiller (2009). Brieny, con­
ceptual modeling is an iterative process through which a stable reHcxive 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 equi lib­
rium involves three steps: 

I. Formal representation. Guided hy either a pretheoretic understanding of X 
or the earlier steps in the iteration, one develops a (more or less) form:1l 
representation of the cxplanandum. 

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

3. Assessment. I n the l ight 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 i teration is necessary since an equilibrium has been 
reached. Otherwise. the representation has 10 be changed. and a new itera­
tion is started at step I. 

This method obviously covers mathematical modeling as employed in the sciences 
and in engineering, where the formnl representat ion typically comes with o nu­
merical mathematical model that allows for quantitative predictions. In the case 
of philosophy, the scheme usefully generalizes the methods of "conceptual :lrlaly­
sis" or of"logical analysis" as invoked by Carnap: i t leaves room for a dynamical. 
iterative approach. and it is not confinc:d to a fixed set of formal means of repre­
sentation. The examples from philosophy of natura l science given he low testify tO 
the usefulness of that method. 
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2.2 Exmnple success stories: new formal methods 

Formal methods are nowadays not limited to the traditional tldd of formal logic 
- which by itself has expanded vastly, providi ng for modal. temporal and other 
logics and giving much formal insight into the important notion of a model, or a 
structure. The methods also include a significant amount of prooohility theory and 
aspects of game theory, graph theory, computer simulations and other techniques 
of formal model ing. It should also he emphasized that in th is development. philos· 
ophy of science does not play the merely passive role of employing off-the-shel f 
techniques developed in other disciplines, hut has also led 10 the devclor>ment 11f 

new techniques.7 

In the following 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 logkal analysis. 
and new approaches based on an extended array of formal methods ~nd pursued in 
a modeling framework. 

No originali ty is claimed for the accounts of the employmem of rorm:~l meth­
ods given here. These accoums 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 wil l he rather hrief. 
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 conlirmation (ritclson and 
Hawthorne, 2005: Huber. 2005), or on social aspects of science (Hartmann and 
Bovens, 2008: Dietrich, 2006; Pigozzi, 2006). 

Reduction vs. interthcoretic relations What is the relation between a scientific 
theory and the theory that histor ically takes its place - like. e.g .• the Newtoman 
theory of universal gravi tation superseding Galileo's Jaw or Jailing 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 
statements, it seemed that some relation of logical derivahility or reduction would 
he 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 oft he example of Gali leo vs. Newton (ironically used us an i llustration 
by Nagel ( 1961 )): In the enrth 's non-uniform gravitational field, the Galilean law 
is only an approximation LO what Newton"s theory predicts. 

The move to present-day probahil istic methods has proved to be promising. 
Rather than focus on the "reduction" of one theory by another, a wider picture of 
intertheoret ic relations emerges. That picture also includes the dota the theories 
account for and thus remains much closer to actual scientific practice (Bauerman. 
2008; Hartmann, 2008). M ethodologically, the move from theory reduction to a 

7 Cf .. e.g .. Leitgeb (2009), who also echoes the earlier pnlgrammatic paper of van ~en­

them ( 1982). Cf. also Horsten and Douven (2008) for a state-or-the-an survey. 
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Bayesian account of intertheon:tic relations exempli lies concrete work in concep­
tual modeling. 

Quantum logic: old and new The quanlllm logic of BirkhoJT nod von Neu­
mann ( 1936) was an anempt at reading orr a "new logic'" from lhe mathematical 
structure or quantum mechanics. Initially the idea was to fi nd an imerpretlHioo 
of propo:;11ional connectives like conjunction and negation that would he a formal 
coun1erp:1r1 to operations on the set of subspaces of a Hilbert space that constitute.~ 

the stnle space of a qu:~mum system. A fascinating possibility was that the ''true" 
logic could tum out to be different from classical propositional logic - and for 
empiric:~l reasons. 

Present·day logic paints a different picture, and agatn, the conceptual motl­
eling paradigm captures this development. Quantum logic never came to replnce 
classical logic (signnling inadequacy in the assessment step) - hut the logic com­
munity has also llccome much more open LOwards the idea that there could he 
different logiC$, ench suited to a specific domain.8 Furthermore, there ore new 
tools within logic that can be fruitfully employed in a study of quantum mechanics 
(there nre more options for a fresh start of the modeling cycle). In fact dynamic 
logics seem to he very well suited for a description of quantum operations studied 
in qunntum information theory (Baltag and Smets. 2008). Thus, advanced formal 
methods allow one to leave old normative questions (about "the" logic) behind und 
work towards n bcller understnnding of science as actually practised. 

Determinism and indeterminism or theories The question of whether a given 
scientific theory is deterministic or not, wns approached mostly informally be­
fore Montague ( 1962) introduced n 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 or formal me1hods has significantly advanced other discussions, too. 
in that the imponance 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. hut also for science itself. 

2.) A protJer plac~ for modality in lhe philosophy of nawral science? 

In the sketches just given I hove stressed the involvement of new formal methods 
thnt go beyond the tradi tional toolhox of logical empiricism, and the importance 
of n broadened understanding of what one is doing in employing formal methods 
via the method of conceptual modeling. I will now take a close.r look at my last 
example, viz .. determinism and indeterminism or, more broadly, the involvement 
of modality in the philosophy of natural science. 

8 C:~rnap·s Principle ofTolerance (Camap. 19:l7. 51 f.) already points in thnt direction. 
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Determinism is a modal notion: it ~ignifics the absence of open possibilities. 
M(Klalily :~rguahly plays a role in many other concepts of science. too: laws of 
nruurc. essence.<; and natural kinds, cauSiltion and intervention, and probahility. 
My suggestion is thai the time is ripe for taking modality seriously in philosophy 
of nDtural science. 

Even though modalily is studied fonrutlly nowadays. this was not so in the 
early days of logical empiricism. From that doctrine's point or view. there were 
two problems about modalhy in science. Firstly, modality was interpreted as logi­
cal modali~l', where logical possibility just means t.he absence of formal contradic­
tion- hut th1s is not the noli on of modality that is needed to analyse the mentioned 
scien1itic concepts. The nrnion of logical possihility is 100 bro:u.l: tn:any things that 
ore physically tmpossihle are still logically pos.c;ihle (lhink. e.g .. or going f:aster 
than the speed or light). Stx:ondly. mod:llity app3rently h:~s poor empiricist cre­
denliols. This continues to stand in the way of n fruitfu l employment of modal 
notions in philosophy of science. Arter all, mere possibilities - possibilities that 
arc not actuoliscd - are empirically inaccessible because they are unreal, so how 
could they he important for empirical science? 

The first important step townrus 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. lnitiolly one may view this semantic emerprisc as a quest for a for· 
mal representation of the meaning of "possibly" and "necessarily". The semantics 
thn! was established, the so-called Kripke semantics that spells out the modalities 
in terms of relations among possihle worlds, showed however that there is much 
leeway in specifying different modal logics wllh different semantics. The in1tiel 
assessment of this fact was rather critical: among all lhos~ options. it seemed that 
tme still had to lind the right one to specify what "possibly" and "necessarily" l'f!· 
nlly meant. This assessment has changed in the meantime, and the many options 
for a semanucs or 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 
modali ty. hut there are various other kinds of modality that may have diiTerent 
formal properties and a dinerem metaphysical status. In terms of the modeling 
paradigm. this mt!ans that a larger rnnge of formal ways or spell ing out aspeciS or 
modali ty h:u become available. It will be best to explain some of these options 
in terms of possibility: the consequences for the dual modlli ty of necessity follow 
immediately.9 

As mentionetl. there is logical possibili ty: the absence of formal contradiction. 
This notion is rather broad. Famously Ramsey pointed out to Wiugenstem that his 
Trarrnws theory. which relied on logical possihility in postulating the indepen­
dence of eleme111ary propositions, was flawed because it could not, e.g., :~ccount 

for the rather straightforward impossibility of the some patch's being both red and 
green - no formal contradiction is involved here. since "red" ond "green·· JUSI fig-

9 Possibility and necessity are dual in the following sens..:: It is necessary 1hal p lr and 
only if it is not possible that non-p. 
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ure as two differe rH predicates. and it is logically possible for one and the same 
thing to fall under any numhcr of different predicate!':. The colour overlap in ques­
tion is however ch:urly impossible in another sense. It has hccome common to 
SpcJik or metnphy.fit'n/ (im}poc;sibiJily here, and 10 base philosophical orguments 
on met; physical rather 1h:1n logical modality. For phiiO<;ophy of science. however. 
o no1ion or physu:al possibilily seems to play an even more important role. Phys­
re:l l possibility is ohen taken to be wha1 lows of nature express, nnd insofar as 
~icncc is o qucs1 fnr the laws of nature, science is really :~bout physical possibil­
ity. Determining the place of modality rn philosophy of science thus comes clown 
10 modeling physicai LMtlality. 

2.).1 M ode/i118 ph_vsit:al modalitr 

Questions nhout the interrelation of various kinds of modality are notoriously dif­
ficult to resolve. There arc arguments 10 favour of modal monism (!he claim that 
there Is ont single fuml:uncn!UI modality, 10 which all other modal notions can be 
reduced). but also in favour or moJal pluralism (the claim that there arc different 
irreducible moJa liti~:s). Thus. the question of whether phy~ical possioil ity is just 
a restricted version of logical or metaphysical possibili ty hns hcen debated: e.g .. 
Fine (2005) argues convincingly that physical nnd metaphysic:ll modality nre in­
dependent :~nt.l indeed believes that they :lre both fundamen tal, thus providing an 
argument 10 fnvour <lf rnotbl plur:~lism. 

My conviction is that physicnl possit>ility is not fundamcotnl.and that a fruitful 
explanation of tht: use uf possibility in philosophy of science needs to refer to n 
diffe..cnl noll on or possibility: rwl possiblliry. also known as historical possibility 
hccauw of its link with 1emporality.10 The peculiaricies of ch:~t notion of possibility 
are hcst explained v i:~ some or its specific formal properties. 

2.3. 2 The formalities of real possibility 

The formalitic:. of real possibil ity have heen worked out since the 1950s. Prior's 
Timt nnd Mcdnlit)' ( 1957) set the agenda for research into the interrelation between 
modality and tense. whose formal similarities as sentence-modifying operators hnd 
hy then JUSt hcen rccugnizcd. Prior ( 1967) and subsequently Thomason ( 1970) 
t.levelopetl models for St>-~lled "branching ume" in which the tempo"modal notion 
of an open future serves as the lmll i~ for a scmancics of both the tenses and the 
modulities or real po~sihil it y ant.l 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. c~plicilly excludes real ("historical") modality from hi~ 
di~cuss lon. hut give~ no n;a~on for this (cf. Fine. 2005, 237n4). This strikes me as 
odd. since he himo;clf hM comnbuted to th~ dcvelopmem of the formalities of real 
possibi lity: cf. Prior and Fine ( 1977). 
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branching tree of open possibilities.'' A modem description of the branching time 
framework is given by Belnap et al. (200 I, Chop. 6-8). 

In terms of formal properties, real possibility is special bec:!Use of its interac­
tion wi1h the tense operators. We will employ the st:1ndnrd formalisalions or "F" 
for the futun: operntor "it will be the case that" (the past tense "it was the case 
that'' il; a.ccordingly symbolized as "P"), and ·•¢" nnd "0" for the modal operators 
"possibly'' and "necessarily", respectively. A specific aspect of real possibility is 
the sallslinbility of the formulae 

(FI) 

nnd 
Op& -.FOp. (F2) 

which express the temporality of real possibility. (F I) says that some p 1ho1 is now 
possible. will at some future point in time not be possible any more - a fact that 
we knnw all too well, as witnessed hy the fact that we sometimes complain about 
missed upportunities. (F2) is even stronger. saying thnl p. which is now possible. 
will cease to Ill! possible immediately in the future - it's now or never, so to speak. 
Instances of this are also well known. 

These formulae are not satisfiable if ''0" is read as logical or os metaphysical 
possibility; those modal notions are abstrac t, wi thout any link with the passage 
of time. What is logically possible now will remain so forever, and has in fact 
always been l t~gically possible-if those temporal determinations make any sense 
:11 nll .12 For further formal properties of real possibili ties hased on branching time. 
cr. again Belnap el al. (200 I). 

The mentioned formal framework of bunching time hos heen extended in or­
der to overcome one of its major shortcomings: While real possibility is possi­
hility in :1 concrete and thus concretely local i~ed situation, branching lime doe..~ 
not capture that spatial aspect. In the extended rormal framework of branching 
spac~·times (BST: Betoap 1992) this nspect is explicitly recognised, as histories 
(posstble courses of events) in that framework do not have the fonn of a single 
tcmpornl chnin of events. hut of a single spacc·timc. In BST it is therefore pos· 
slblc 10 el(press the fact that something thlll is possible here now, is not possible 

II To:chnically, a hi$tOry in a model of branching time '' a muimal linear subset of the 
tree. i.e .. :1 subset in which any two elements are comparable and whreh is maJtimal 
with respect 10 that property. Such a set corrc~pond~ to a complete path through the 
tr.:c 

12 Thi:. question is minwed in the cas~ I)( mathematics, where there are different opin· 
10n~ as to whether "II is now the case that 2 I 2 -:: 4" makes any sense at all . - Oo 
nul be misled by the fact that. e.g .. a logical po~sibility may be insttllltiated as a real 
possibility, which then is temporal. E.g .. it is logically possible that crows fly, and it 
may be n:aiiy possible that a cenain cl)ncrete crow that is now before you should ny 
within the next five minute". This. however. Is not the some as the mentioned abstract 
logical possibility. but also depends on many local and tempornl fac1ors. e.g .. the state 
of the crow's feathers and the air pressure. 
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now somcwhcn: cll>c. 11 tlclnap·~ B!IT is the most Ddvanced formal framework for 
studytng real ~sthi luy ovuilohlc 10 date, and it has been used tn t1 number of up­
plicruions to prol'tlcms nf mctorhysics, philosophy of 13nguuge. and philosophy of 
phySIC$ l<l 

Physu:al pos'thtltcy. the motl:ll notton tb\11 detenntnes the laws or n:uure. belongs 
to !he !Mlme 1roup of <lb~trilC't ~-temporal modahtie. as logical and mec;aphy 1c:1l 
possthlllt). whJt IS phy>IC;JIIy pct\)thle now. lvb alway~ been phys~C:JIIy J1'~tMc 
Dnd \1, Ill rcma•n ~· r~r. t~ Rc~l J)lt)~tbthty. on the Olhu hand. I' ~slt>tllly In 
:a concrete. t!Kka.ically spttt lt3blc Sttu:rtton: it IS nght there tlefoo= U.<. The m:un 
quesuon ahout tht- 1ntem:IDhnn ol real vs.. phystc:JI possibility is how sctentilic: 
practtce. whtch '' h3 t.'d on real. concrete expenmcnts amJ ohserv-.atiOns. can help 
us a:un access to ah~troct phy,lcol possibtluy. This question is simtlar to the ques· 
tton about the lnll:rrt lut iunuf theory :mJ ooservation in the sc1ences. but pluming 
tt in terms or J)llSSihiluie~ SIVCS it an imp<li'1Dntly different tWlSI. 

Real possibilities rule in the lnh ond in ~c i.:ntifle work generally: Every CM· 
crete run of nn experiment rovcnl~ one ol' the outcomel$ thor o.re really ptlSsiblc in 
the given, concrl!tc <~iluotion- lncludtng. in olmosr all cnllt~. the real posslhlll ty 
thai the tllpcrlment may rail due to l'ome son of interference. Even I bough ex per· 
aments thus primarily rcvet~l ~omcthing abuut real possihilitics. thq cun ~cn~1hly 
be seen as pr~~ or plly$tCol po~sibility, too At least chnl is what cx~rimcnt~ 
11rc designed for Generally ~pcaktng, in an experiment one wonts 10 find out not 
about the re:~lly. hut :about the physic:llly possible ou1comes, together with thetr 
promhtltll~. C\( an Cltpertmcntol ~et-up Wtlh gtven, expcnmentcr·Controfi(IJ 101• 

ual condruons One "''" therefore dlsrcgord cenain runs J.S nrn pentncnt tC'I the 
questtun 11h<1U1 phy~ieul poo.~lbilhy (e.g .• hccause somebody 1-td.~-d the Dpp;!r:nu\1, 
c:~e.n though the: penmencc of tht-se ruiU fur the: issue of n::~l posstbthty nnnoc be 

qUC$t1onc:l.l . Ont will al..o ~mooth out the uhsened distriootton or resuh$ '" Vi~ri· 
ous ways Oet11tls vary hy c:uc- here :1 connection with Bogen and Woodwal'\l 's 
( 1988) datAiphcnlll'llena di\IIRCIU\11 suggestS u.self· ph) Stall ~Jhthues lpJ1C.1r ~~~ 
phenomena dtslllled from re:~t pos~lhtlily tigunng as d<tta. wtth illlthe v.cll·known 

I ' In Yle"' of SliT I COII'Iplllbtht) wnh rdatmt) thcor)'. the - now- ol COUM bib to br 
ltlo.en Wtth. ~Btn or wlt Tcc:hnltJlly. J103iSi'bllitks an: linlc:J !(I SflXC:·IImt: IOCJIIOil" 
1n BST 1n a rr~tnn« thlt i' Cully compau~ wath the ahsence of a noc•on of ab'Oiute 
stmullancuy In )J'CCIII reloll\'lty theory. 

14 Cf , e g .. BclnaJl (200~) Cor CIIIISilliOO, Weiner and Belnap (2006) and MUller (~00~) fur 
objective atnglc·caM: probahihtlcl. MUller et al. (2008) for modnl correlations. Plocel. 
end MOlter (2(107) for couiUerfactuals. and Muller and Placek (20011 as we lit~ Plmcck. 
(2000) lor Bell 1)'111! tort.:latiun•. 

1 S At lea~t thb I$ ,1, If one dt~rcgard) St:<:nano~ in which the laws ol na1mc chnnae <1vc1 
lime. I w1ll lgnon: ~uch $CtnttriO$ tn what follows. The point about obstructn~" wnuld 
rcmotn 111 any CB\C 
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idiosyncrac•es of th:u srep. h IS genel'lllly :x:knowlcdgcd th:ll theft ts Otl lnnnaJ 
way of inferring phcnomen:1 from d:ua. 

Physical posstbilities as summed up tn loa"'' uf naturt lint! f'h~ical theories 
are thus determined vta t~ nounn ol real po<t$ththty that ha .. prtmaty tn ..c•~ntitic 
pnccice. In Coocrete runs or CJtpenmcnh. ~·PI ihlhtn:.~ :In: octuJII~cd. 8oth the 
concn:te mitial situation of the ~px-llve ruru. .1nd the c4'rw;rctc wteolf\6 :Ire then 
descnbed vta a number of vanahlcs. a•v•nt n~ Ill tal\le. r,·pcat.'ll\1<! phenomen:~­
Tlle aim of the experimemer '" such :a de:~oerlptloo 1\ h> r~-conl .all ~:~hcnt V303hle<o, 

nOl evuything at aJl Physical ~~thlltiiC$ (wh~h In II ~IVCll t:.I\C m.ay he rhysi· 
c:al neeessiues) liTe then :xrri'ed :11 fwm n:::.l JIO'~ththllc,. ~··ullcd laws nl o;rnm: 
:1~ tst:ahlished as geoeralis:uions cnvt'ttng many up.:ntncnt~. 3nd cc>n~tdcr:.uons 
or ~~~ncy 3:fain play 3 crucial role here. 3S 111 any c:t<.c tn whtch phenomena 
:~re inferred from data. Statemcms :~hout law!. ul nature e~n llu~ ;JC('IIunt h:lVc an 
unque<>tionable modal coment: they simply rctwn wh:ll 1\ phy~ically pos~thh: 1\t 

necessnry, and they are based in rcnl fl<lliSihtlhh:~. 
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