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-2 €161 avaywyns/avaywyLspou:

avaywyn OEmPLWV VS EENYNTLKT avaywyn

-Avaywyn Bewplwv

-> T avayel TP o0tav n Ty ovvenayetal Aoywka tnv T
-> VALY WYT) WG E&NyNom

-> Ttlo0 Ao 0evn G evvola avaywyng: N T Sev ouveTayeTHL TNV
TB, aAAd OAEG TIC TTAPATNPNOLAKES TTPOTACELS TNG T

(Kemeny & Oppenheim) -theory replacement vs theory
reduction)



Avaywyn Bewplwy - 11 KAAoLKY) attoym
(Nagel - The Structure of Science)

-> KeVTPLKN WEa: oL vopou t¢ TP ekppdlovv vopovug ts T

‘Reduction, in the sense in which the word is here employed, is the explanation
of a theory or a set of experimental laws established in one area of inquiry, by a
theory usually though not invariably formulated for some other domain’ (Nagel
1961: 338)

‘A reduction is effected when the experimental laws of the secondary science
(and if it has an adequate theory, its theory as well) are shown to be the logical
consequences of the theoretical assumptions (inclusive of the coordinating
definitions) of the primary science’ (Nagel 1961: 352)

‘whether a given science is reducible to another cannot in the abstract be usefully
raised without reference to some particular stage of development of the two
disciplines’ (361)



Avaywyn Bewplwy - 11 KAAo LK) attoym

-> homogeneous vs. inhomogeneous reductions

‘the explanation by Newtonian mechanics and gravitational theory of
various special laws concerning the motions of bodies, including
Galileo’s law for freely falling bodies near the earth’s surface and the
Keplerian laws of planetary motion’ (Nagel 1970)

‘the explanation of thermal laws by the Kkinetic theory of matter,
the reduction of physical optics to electromagnetic theory, and the
explanation (at least in principle) of chemical laws in terms of
quantum theory’ (Nagel 1970)



Avaywyn Bewplwy - 1 KAAO LK) attoym
VELYKEALOVT) VYWY
nagelian reduction

-2 ovvOnKes yla v avaywyn s TR otnv Te:

-derivability condition
-connectability condition

-connectability:
-> 10 Ae&IA0YL0 TG TP va ouvEEBEL KATAAANAWCS e To Ae&AdyLo TG T

-> ‘connectibility axioms’ or bridge laws
-> 0 évvola ™G T, kat K évvola tng T
->VOUoG YE@upa: O av Kal povo av K

-derivability:
-> OAgG oL tpoTtaoel TG TR pumopovv va mapoayBovv amo tic mpotacels TG T +
TOVC VOULOUG YEPUPEG

-> kevTpkn oo orvouoL tne T ekowpalovy vouovc tne T’



Avaywyn Bewplwy - 11 KAAC LK) attoym

-> TLEVOL OPWS OL VOUOL-YEPUPEG;

-> Nagel 1970: two sorts of correspondence rules

1) ’|B]ridge law may specify the conditions, formulated in terms
of the ideas and assumptions of the reducing theory, under which
the attribute occurs’

‘such bridge laws are empirical hypotheses concerning the
extensions of the predicates mentioned in these correspondence
rules’



Avaywyn Bewplwy - 11 KAAC LK) attoym

2) ‘Correspondence rules of the second sort establish analogous identifications between
classes of individuals or ‘entities’ (such as spatiotemporal objects, processes, and forces)
designated by different predicates’

‘Correspondence rules of the second kind thus differ from rules of the first, in that unlike
the latter (which state conditions, often in terms of the ideas of a micro-theory, for the
occurrence of traits characterizing various things, often macroscopic ones), they assert
that certain logically nonequivalent expressions describe identical entities’.

-> 0L VOUOL-YEQPUPEC WG OEWPNTIKEC TAVTOTNTEC identities
-TiY 1] OEPUOKPACLA EVOG aEPIOV TAVTILETAL UE TT) MECT) KLV TIKT] EVEPYELX TWV LOPLWV
TOU

-0(UTEG OL TAVTOTNTEG AVAKAAVTITOVTOL A posteriori
-> £&Nyovv yiati Loy0ovV 0L VOUOL YEPUPEC



Avaywyn Bewplwy - 11 KAAoLKY) attoym

-> Schaffner -TpOTMOTMOUUEVO LOVTEAD VEIYKEALVIG AVAYWYNS
-V YWYN KAQGLKYG YEVETIKTG 0€ Bloynueia

-> KPLTIKEG 0To povTEAO Nagel-Schaffner (yia Tnv avaywymn ¢ KAXOIKN G 0T
LLOPLOLKT] YEVETLKT))

1) Ruse, Hull: avtikataotaon kot 0xt avaywyns ewpiag (Schaffner: ‘strongly
analogous’)
-> Wimsatt: tlepapy ik avaywyn petaatikn, Stadoyikn avaywyn oxt

2) Agv vtapyxovv vopoL otny poplakn Blodoyio -cuvtakTiki amoym yio Oswpieg Sev
TapLadel

3) To povtéAo tov Nagel Sev amokAeiel ATTAEC GUOXETLOELG HETAEV LBLOTITWV, YWP(G
NV VTTAPEN avoywyng

-TIX KAOE TPAYUA TTIOV EXEL XPWUA, EXEL OXT LA

-> 10 €l8o¢ correspondence rules -> eyKe@aAIKEG & VONTIKEG LOLOTNTEG

-> Broad on trans-ordinal laws (vs intra-ordinal)



H Avaywnyn o Mixgo-ovoaymyn

Putnam & Oppenheim (1958) ‘On the Unity of Science as a Workin
Hypothesis’

-> WK PO-aVAYWYT] OAWYV TWV XVTIKEIUEVWV OE XVTIKELUEVA TG PUGLKNG
(teAkd o€ oToLXELWdN cwpaTidla) Baoel TG OXEONG HEPOVG OAOV

-> LEPUAPXLKT] OPYAVH®DOT) TWV XVTIKELULEV®V TIOVU LEAETOVV SLAPOPETIKES
ETLOTNUES O EMIMES A

-> TOL AVTIKEINEVA £VOG ETIITTESOV ATIOTEAOVVTAL OO AVTIKEILEVQA
KOATWTEPOL ETMITTESOV

-> 0L LBLOTNTEC TWV AVTIKEILEVWYV EVOC ETITIES OV TIPAYUXTWVOVTAL (are
realized) a1mo ISLOTNTEG TWV AVTIKELUEVWV TOU KATWTEPOU ETMITESOV

-> EVOTNTA VOUWYV LECK QUTNG TNG TTPAYUATWONG TWV VO TEPWV LOLOTITWV
OTIO KATWTEPEG



Nature Theories Disciplines

Le ( Societies )—( Economics )—( Economics )
| 1 I

Ls ( Organisms )—( Psychology )—( Psychology )
| I I

Ls ( Cells )—( Neuroscience )—( Neuroscience )

| 1 I

L3 ( Molecules )—( Biochemistry )—( Biochemistry )

| )i |

Condensed Matter Condensed Matter
( Atoms Physics Physics )

| 1 I
(Elementary particles)—( Particle Physics H Particle Physics )

Ontological Levels Epistemic Levels

Micro-reduction

r
N

e ¥ ¥ ¥

Ly

-> 1] AVOYWYT] WG OVTOAOYLKO EPWTNUA: ELVOL OAEG OL LOLOTNTES PUOLKES LIOLOTNTEG;
AVOYWYLOTIKOG (PUGLKOXALOUOC

‘nothing happens in the world, not the flutter of an eyelid, not the
flicker of a thought, without some redistribution of microphysical
states’ (Quine 1981, 98)
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Levels of Organization
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Fodor (1974) ‘Special Sciences (or: The Disunity of
Science as a Working Hypothesis)’

-> OVTOAOYLKT) TIPOTEPALOTNTA TNG PUGLKTG, GAAX XWPLC AVAYWYLOLO

-(UOLKOALONOGC delypatog (token-physicalism) vs ¢puoikaAiopuog tomov (type-
physicalism)

ETLLYEIPNUA KATA (QUOLKAALOUOV-TUTIOV /AVAYWYLoUOV:

-TUTIOL LOLOTT TWV TWV ELSIKWV ETILOTN WYV TTOV OEV AVTLOTOLYOVV OE TUTIOUG
LOLOTT)TWV TNG PUOCLKNG
-> £yyUNnon UTOVOULOG ELSIKWV ETILOTN LWV

-0L VOUOL-YEPUPES ATIAG TIEPIAAUBAVOUV OHOEKTATA KOTNYOPTHaTa (co-
extensional predicates)

-(PUOLKOALOUOG SELYHATOG KL AELTOVPYLOUOC TN PLAOGOP I TOV VOU
-> TTOAAQTAT Ipaypatwon (multiple realizability) avotepwv iStotitwy



Law of special science X: S;x —> Syx

. 'o = \ /
Disjunctive predicate

of reducing science: P,x v P,x.. P,x Pixv P3%...Pox

itionals

i-con-

Bndge
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-> 0L EL8IKEG ETOTAUES TIEPLAALBAVOLY SLKOUC TOUG VOULOUG TTOU OLVSEOUV
@uowKa €161 (natural kinds), Ta omoia £oUVv XUTOVONO EENYNTLKO KOl
TPOPAETTTIKO POAO

-> Kitcher: reduction fails for ontological reasons -does not capture the
natural Kind structure causally responsible for the phenomena

-> the role of robustness -> supwoTtia (e.g. failure of some gene knock-out
experiments)
-avaduTIopoG ; (emergence -> epistemological [weak] vs ontological

|strong] emergence)

-> VASVOUEVEC IBLOTNTEG OE AVWOTEPQ ETITES U UE SIKO TOUG ALTLHKO POAO
-> downward causation ! [KaQTw@ePNS ALTIOTNTA]

-> Kim: causal exclusion argument (A. Psillos 2005)



The Relation between Classical and Molecular
Genetics

Options:
-classical genetics has been reduced to molecular genetics
-classical genetics has been replaced by molecular genetics

-classical and molecular genetics are complementary theories

-classical and molecular genetics are incommensurable

Question:

-> does Nagel’s model apply to Mendelian/molecular genetics
example?



The Relation between Classical and Molecular
Genetics

Arguments for:

i) seems intuitively right:

-classical genetics wasn’t simply wrong,

-but molecular genetics surely more fundamental

-seems not unlike thermodynamics/kinetic theory relation



The Relation between Classical and Molecular
Genetics

Arguments against:

i) Mendelian kinds are multiply realised at the molecular level
-multiple realisation; supervenience

-e.g. instances of the kind ‘gene’ may have many different molecular
configurations

-e.g. coding genes, regulatory genes etc.

-all made of DNA though?

-yes, but so-called junk DNA' makes up 95% of genome

-junk DNA has no coding or regulatory function (probably)
-similarly, instances of Mendelian kind ‘dominant’ have innumerable
molecular realisations

-many ways for an allele to be dominant

-therefore, no simple ‘bridge principles’ linking vocabulary of two
theories



The Relation between Classical and Molecular
Genetics

-one reply: so what?
-1.e. suggestion is that positivist model of reduction was too strict
-analogous arguments common in the philosophy of mind

-another reply: molecular genetics shows that there are no Mendelian
genes!

-i.e. Mendelian kinds don’t exist -they are like phlogiston

-not very plausible

-Mendelian genetics still very useful



The Relation between Classical and Molecular
Genetics

ii) the ‘no theory’ objection
-in neither classical nor molecular genetics, is there a ‘theory’ in the sense that the positivists
had in mind

-probably true, but how relevant?

iii) Kitcher’s argument

-molecular explanations of Mendelian phenomena would be too detailed to explain anything!
-Putnam’s example: square peg and round hole

-similarly, gross cytological explanations do the trick, Kitcher argues

-cytological explanation of Mendel’s 1st law:
in meiosis, homologous chromosomes separate, and a gamete gets just one

-cytological explanation of 2nd law, to the extent that it is true, is similar
-also, cytological explanation of failure of 2nd law: genes on same chromosomes

-all this was available pre-Watson and Crick
Kitcher: explanatory power of cytological features doesn’'t depend on ‘gory’ molecular

details
-> they don’t add explanatory power



The Relation between Classical and
Molecular Genetics

Conclusion:

the complexity of modern molecular genetics means that no
simplistic account of its relation to classical genetics is likely to
be right

-most recently, some have argued that the molecular genetics
concept of gene is much more problematic than originally

thought (see Evelyn Fox Keller)

-> is the concept of ‘genetic information’ a coherent one?
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