Chapter 3

Naturalisation

FromMan or AngelthegreatArchitect

Did wiseto concealandnotdivulge

His secretgo be scannd by themwho ought
Ratheradmire. ..

Solicit not thy thoughtswith mattershid,
Leave themto God,Him sene andfear.

— Milton, Paradise Lost

‘What is internal is hiddenfrom us: — The futureis hiddenfrom us. But doesthe
astronomethink like thiswhenhecalculatesaaneclipseof thesun?
— Wittgenstein Philosophical Investigations

In 1609Johanne&eplerpublishedabook,Astronomia Nova (The New Astronomy),in which
he proposedwo laws thatdescribedhemotion of the planetsn termsof ellipsesfocussedn the
sun.Thisis rightly seenasoneof thegreatdefiningachiezementof scienceindeedasoneof the
greatachiezementsof humanity. Why? Whatis it aboutKeplers discovery that epitomisesour
‘ideaof thegood’in science?

Keplers geniuslay in combiningan old but controversialideawith a new, even more con-
troversial,ideaof his own. The old ideawasthatthe planetswentroundthe sun. This hadfirst
beenproposedy Aristarchusof Alexandria,but unfortunatelyhe alsoassumedhatthe motion
of the planetsmustbe circular— andHipparchudater shovedthatthis combinationdid not fit
astronomicabbsenations. HipparchusdroppedAristarchus’heliocentricitybut retainedthe as-
sumptionof circularity (sincethis wasobviously the most‘natural’ type of path),andfrom this
Ptolemydevelopeda terracentricastronomybasedon epigycles. If enoughcircleswerestacked
uponeachotherthenthe terracentriastronomycould be salvaged.lt wasmessy— 77 epigy/cles
were eventuallyneeded— but it worked. In 1543 Copernicusshavedthatthe epigyclic system
could be greatly simplified if Aristarchus’proposalof heliocentricitywasresurrected.The 77
epigycles could be reducedto 31, and even greateraccurag could be achiezed by shifting the
sunslightly off-center In mathematicatermsKeplers greatachiazementwasto show that the
heliocentricsystemcould be simplified still further by replacingthe epigycleswith ellipses,with
the sunat onefocusratherthanat the geometriccenter All the known astronomicablatacould
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thenbeaccountedor usingjustthreé simplelaws.

But thiswasnot, in itself, enoughto secureKeplers placein posterity The historyof science
is usuallywritten as ‘Whig’ history— i.e. from the point of view of the winnersof scientific
disputes— andit is sometimegorgottenhow Keplerstheorywasderidedatthetime. Its empirical
accurag wasdisputedoy nolessa personagéhanFrancisBacon fatherof empiricalscienceThe
brilliant Cardarnrefutedits mathematicabasis.KeplerandCopernicusverelambastedy Martin
Luther, Calvin, Montaigne andMilton, andsatirisecby BenJonsorandShakespeard&heRoman
Inquisitionpersecutedalilleofor evensuggestinghattheirideasmay have somemerit.

It wasNewton,workingin EnglandoeyondRomes graspwho savedKepler In 1687Newton
publisheahePrincipia, which shovedhow theelliptical motionof theplanetscouldbe explained
by theforce of the sun’s gravity. Keplerhadalwaysintuitedthattheremustbe someheliocentric
forcethatkeptthe planetsin their elliptical orbits (Stephensor,997),andNewton demonstrated
that this force wasthe sameasthat which could be directly obsered actingon appleshereon
earth. But the story did not endthere. Accordingto Keplers theorythe axes of the planetary
orbitsarefixed.Butin the 18thCenturyit becameelearthatthe perihelionof Mercurywasslowly
advancing.Leverrier shavedthatpartof this shift could be explainedby the gravitational effects
of otherplanets,but a significantpart remaineda mystery At the startof this centuryEinstein
rewrote the Newtonian Book, andin doing so explainedthe discrepanciesn Mercury’s orbit.
But noticethis. PtolemyandCopernicuscontributionsto physicswereeffectively deletedwhen
Kepleraddedhis new chapterto the Book of Physics. The theory of epig/clesis now only of
historicalinterest.But whenEinsteinaddeda chapteyKeplerdid not join Ptolemyin thedustbin
of scientifichistory. His theoryremainsa vital brick in our understandingf the physicalworld.
It is still, in a sense,True — despiteEinstein. What qualitiesdoesKepler’s theory have that
have madeit sorobust? Why doesit seeminsulatedagainstpossiblerefutation?Why is Kepler
seeminglyimmortal? In this chapterl try to outlinethe senseof scientifictruth that Keplers —
andothersimilarly immortaltheories— embody

3.1 Descriptionsand Biases

Scienceproceeddby collectingempiricaldataandthentrying to find patternsn it. Thepatternis a
way of describingpf makingsensef, thedata;andthesedescriptiongrethebasisof ourtheories.
Of courseheexperimentakcientistusuallyhasanintuition of whatpatternghey aretrying tofind,
andfor themthekey problemis creatingan experimentin which the patternsshav up in thedata.
Nonethelesshey still have to makethat crucial stepfrom datato pattern. The problemis that
every setof datacontainsa myriad differentpatterns. The samedatacanbe describedn mary
differentways. Tycho Brahes astronomicatatacouldbe describedn termsof Keplers ellipses
or Copernicusepigycles,sohow shouldwe choosebetweerthevariouspossibletheories?1 use
the termsdescription andtheory interchangeablysinceevery particulardescriptionfalls undera
generaltheory andour theoryinforms our choiceof description.) Rorty describeghis process
of choosinga way of describingempiricaldataas‘adoptingan attitude’, Dennettdescribest as
‘adoptinga stance’ andin thefield of machindearningit is known asa‘bias’. | will usethelatter
termbecausé wantto avoid the someof theassociationthatDennetiandRorty have dravn from

1Thethird wasaddedtenyearsafter Astronomia Nova in Marmonices Mundi (Harmory of the World).
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theirs,thoughtheintentis roughlythesame.

Whatkinds of descriptie biasesarethere?In the everydaypracticeof bothscientistsandlay
personghe main descriptve biasis social: we describephenomenin certainwaysbecauséhat
is how we have beenbroughtup andtrainedto do so. But how do we know thatthis is the best
way? Surelywe needsomecriterion for evaluatingour currentpractice?On the otherhand,the
naive realistaguesthat our biasshouldbe for the truth, that we shoulddescribethingsasthey
really are; but how do we know whatthe truth is? The poet’s biasis to describephenomendn
theway thatbestcommunicatefersubjectie experienceo others but the purposeof the poetis
differentto that of a scientist.(Melville, for example,devotesan entire chapterof Moby Dick to
explainingwhy Ahab’swhalewasbestdescribediswhite, eventhoughanaturalistmayinsistthat
it was'‘really’ adirty grey.)

OckhamandMach, in their own ways, aguedthat the besttheoryis the simplest,all other
thingsbeingequal. Howeverthisis ana priori bias: of courseit is niceif thingsturn out simple,
but it hardly seemgustifiedto imposeour tasteson nature.Moreover, we canalwaysincreasehe
simplicity of a descriptionby reducingits accurag anddisregardingsomeof the dataasnoise.
Simplicity andaccuray therefororm two conflictingbiasesandwe needsomeway of arbitrating
betweerthemin orderto separataoisefrom the‘real’ data.Rutherford for example,discovered
the atomic nucleusby bombardinggold foil with a-particles. Most were deflectedslightly as
they passedhroughthe electroniccloud of a gold atomin thefoil, but a very few reboundedas
they hit thetiny nucleii directly — like ‘cannon-ballshouncingoff a sheetof tissuepaper’. The
simplest,andoverwhelminglyaccuratedescriptionof this datawould have beento disregardthe
reboundsasnoiseandjust accounfor the partialdeflectionsusinga modelof continuouschage
distribution. ThereforeRutherfordhadto usebiasesother thansimplicity to justify hisdescription
of the phenomenonThe simplesttheorymay be the best,all otherthingsbeingequal;but what
otherthings?

Themostpopularbiasin the philosophyof sciences thatthebesttheoryis theonethatyields
the mostaccuratepredictions. (It is also the bias that most philosophicaly-minded scientists
would claimthatthey adhereo.) Now it is certainlytrue thatoneof the purpose®f sciencds to
predictthefuture?. But thereis somethinglistinctly oddaboutthis stance why shouldfactsabout
the presentdependon the future? The thing we aretrying to describehasalreadyoccurredand
now persistsn our recordecbbsenations,andyetthe predictvist claimsthattheway it shouldbe
describedlepend®n futureevents.This only makessensdo the extentthatwe assumehatthere
is afundamentatonstang — alawful regularity — in the patternthatwe aredescribinghathas
existedup to now andwill persistinto the future. Not somuch‘que sera sera’ as‘whatever has
been will be'. If thisis the casethenthosefutureeventswill shedfurtherlight onthenatureof the
patternalreadyobsered,andthefailure of adescriptiorto predictthefutureis agoodsignthatit
hasfailed to capturesomethingaboutthe present.

(This problemof future-dependeryds notjust philosophicalbut alsomethodologicalEmpir
ical scientistssuchasmeteorologist®r geologistswho createmathematicaimodelsof complex
systemdacethe practicalproblemof how to choosebetweencompetingmodels. For suchsci-
entiststhe philosophicalprinciple that the bestdescriptionis the most predictive is not much

2Thesocialoriginsof thebiasof predictionwill bediscussedn 11.2.
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methodologicahelp: they mustchoosenow, on the basisof the available data,which modelto
accept.Productvenessnay be a goodway to judgedescriptiongetrospectiely, but is not much
helpin formingthem,asOreskesiotes(1994).)

The predictiist could respondo the problemof future-dependerycby amuing thatwhether
or not a descriptionwill prove to be the mostpredictive is a fact aboutthe currentstateof the
system,even thoughwe cannotusethis to describea systemwithout observingits future be-
haviour. Thereforethe future-dependencef the descriptionis only epistemologicatatherthan
metaphysical But the future behaiour of the system— andhencethe correctdescription— is
notnecessarilfixedby thedatathatwe aretrying to describe Thereasorfor this wasfirst pointed
out by Babbagg1864): for ary givensystemandobsened behaiour we canconstructanother
systemhatdisplaysthesamebehaiour upto agiventime,t, but subsequentigdiverges.Therefore
eventhoughthe behaiours of the two systemaup to timet areidentical,the correctdescriptions
of themarenot. The correctdescriptionof a systemis not determinedy the behaiour we have
obsereduptill now.

For example,supposeve obsene two pool-players.Thefirst is not very goodandgetseasily
beatenThesecondappearsto benotvery goodbut sheis in factahustler andassoonasshehas
persuadednopponento putsomemoneg downthensheraiseshergame.Until thereis money on
thetablethebehaiour of thetwo playersappearso beidentical,but the correctdescriptioris not:
oneis playingpool badly andthe otheris losingon purposeBut if we cannotseethe future,then
how canwe choosebetweerthetwo descriptions?f the correctdescriptionof the behaiour of a
systems notdeterminedy its obseredbehaiour thenwhatelsecouldit dependn?In therestof
this chaptell discussvhatthatelsecouldbe— i.e. whatbiaswe coulduseotherthanpredictivity
— anddraw out someimplicationsfor our understandingf scientificexplanations.However in
this chapten will not give areasorfor preferringthis alternatie biasto thatof predictvity. That
will haveto wait to theendof thethesis.

3.2 Naturalisation

Thealternatve biasto predictity is this: in orderto describeéhebehaiour of asystemwe cannot
justrely ontheobseneddata,we alsohavetolook inside thesystemandunderstandiow it works.
Considetthis toy example,introducedby Sober(1982):

Imaginea machinethat sortsout wire shapes.It is madeup of two components.The first
operatesasfollows: whengivena pieceof wire asinputit will outputthe wire if andonly if the
wire is aclosedfigurewith straightsides.The secondakesarny numberof straightpiecesof wire
andoutputsthemif andonly if they havethreeanglesthusit will allow throughanopenfour sided
figure,but nota closedone. Thereforeonly triangleswill passall thewaythrough.The question
is, how shouldwe describethe behaiour of the machine? Doesit detecttrilaterals or doesit
detecttriangles? Now at first glanceit seemdike the two descriptionsare exactly equivalent.
After all, all trianglesare alsotrilaterals. Thereforeif the machineis detectingtrianglesthen,
logically speakingit is therebyalsodetectingrilaterals.And thetwo descriptionwill beequally
predictive: if youshav meashapethenl will be ableto predictwhetherit will passthroughthe
machineusingeitherdescription Howeveroncewe understantiow themachinevorkswe cansee
thatit wasthenumberof anglesin the closedfigurethatmatterednot the numberof sides.What
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themachinedoes— asopposedo whatits behaiouris— is to detectrianglesnottrilaterals.So
oncewe understandhow a systemworks— i.e. themechanismunderlyingits behaiour — then
we canusethis informationto choosebetweertwo equallyaccurateandpredictive, descriptions.

Let us call this bias ‘naturalisation’. Whenwe understanchow somethingworks we make
its behaiour non-mysteriouswe makeit seemnatural, the behaiour becomesof its nature. It
becomeglearwhy thingsof thattypebehae in thatway. It wasthis proces®f naturalisatiorthat
saved Kepler If you areonly interestedn empiricalaccurag or predictionthen, givenenough
epigycles,the Copernicar(or even Ptolemaic)escriptionof the solarsystemcanbe madejustas
accurateandpredictive asonebasedn ellipses.(Indeedthe Mayanswereableto predicteclipses
andthepositionsof themoonandVenusvery accurateljustusingarithmeticandwithoutinvoking
the notionsof ‘orbit’ or ‘planet’ atall.) But Newton shovedthatonly elliptical motion could be
explained by a heliocentricgravitationalforce.

Darwin’s theoryof naturalselectionis anothermparadigmcaseof the importanceof natural-
isation. Darwin was not the first to proposethat speciesevolved. But until thenevolution was
regardedin Englandlargely asthe ideologyof non-conformistssocialists,and continental§and
at the time it washardto decidewhich wasworse). Nor was Darwin thefirst to amgue that or-
ganismsare adaptedo their ervironment; but until thenthe only possibleexplanationfor this
hadbeenGod. Darwin’s achiezementwasto demonstratéhe mechanisnunderlyingevolution —
descenwith modification— which proved thatit wasin the natureof speciego incrementally
evolve andadaptratherthanbefixed, perfect,types.Moreover Darwin's theory— like Keplers
— wasinitially treatedwith scepticismMendelsaved Darwin— justasNewton savedKepler—
by uncoreringthe mechanisnunderlyingdescentvith modification®

(OnceDarwinhaddemonstrateow speciedecomeadaptedo theirenvironmentthenanew
kind of explanation— andanew way of describingheworld — becamescientificallyrespectable.
This newly-respectablevay wasfunctional explanation, i.e. explainingthe behaiour of a system
by theway it fits into alargerwhole,ratherthanits underlyingmechanismThisis anexampleof
explanationfrom above, ratherthanbelon. But, aswe shallseein chapters’ and10, thevalidity
of functionalexplanationrestson a Darwinianexplanationof the mechanisnthroughwhich the
larger systemevolves.)

All thegreatrevolutionsin sciencehave involvedrealisingthatentitiesandbehaiourswhich
werepreviouslythoughtto befixedand‘God-given’ werein factinconstantspeciesplanetaryor-
bits, inertial mass gravitational mass space-timeatomicnucleii, continentsaristocraciesHow-
ever theserevolutionsdid not replacean assumptiorof constang with one of randomchange,
but with a more preciousability to explain thosechangeshroughan understandingf the forces
underlyingthe patternghatwerepreviously thoughtto be constant.Theserevolutionswenthand
in handwith — sometimegrecedingand sometimedollowing — new waysof describingthe
patternsobsenedin nature:naturalselectiorrewrote taxonomy planetaryepicg/clesgave way to
ellipses,enegy andmasswere equatedelementsvere orderedin the periodictableandfurther
subdiidedinto isotopesthe old mapsof land massesvererippedup in favour of onesbasedon
tectonicplates,and Divine Right andthe Three Estateggave way to the Rightsof Man andthe
SocialContract.

3Thiswill bediscussedurtherin chapter8.
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The history of scienceis not just a steadyaccumulationof empirical datafitted with more
andmoreaccuratecurves. It alsoinvolvestransformation®f our understandingf whatwe have
alreadyobsenred. Kuhn (1962)famouslydescribedhesetransformationgs ‘paradigmshifts’ in
whichinconsistenciebetweerdataandtheoryreacha critical pointandtheway becomeslearfor
anew theoryto be acceptedBut the examplesof transformationsnentionedabore canbe better
understoodas successie haturalisations madepossibleby the discovery of the mechanismsin-
derlyingpreviously obsernedphenomenaTlhejob of thescientistis notto simply collectdataand
thenfit a curve; but is ratherto usethatdataasa startingpoint for furtherinvestigationinto how
the obsenred systemworks: to turn the unobseredinto the obsered. Sciences inherentlypro-
gressve,notjustin thequantitatve,extensive, sensef beinga steadyaggreationof accumulated
data,but alsoin thequalitative,intensive, senseof involving transformationgn our understanding
of whatwe have alreadyobsened. Our descriptie biasesshouldreflectthis progressie nature.

3.3 Theoretical Terms, Dispositions, and Causal Explanation

What, exactly, doesnaturalisationinvolve? | do not believe thatit is possibleto give a formal
definitionsince,apartfrom arything else,scientifictheoriesarerarely completelyformal. (Math-
ematicalphysicsis theexceptionratherthantherule in thisrespect.)Cussinsfor example argues
thatthe only thing thatdefinesa successfuhaturalisation(or ‘unification’, in his terminology)is
thatit makesthe connectiorbetweerthe obsened behaiour andunderlyingmechanisniintelli-
gible’ (1992b).However we canpin down the notionof naturalisatiormorepreciselyin theway
thatit treatstheoretical terms. Thesearetermsusedin our descriptionsf thebehaiour of a sys-
temthatdo notdependlirectly on obsenation,but areintroducedn orderto makesenseof those
obsenations.An elliptical orbit, for example,is atheoreticaterm.\We never seeanellipsecaned
outin thesky. All thatwe obsene directly arethe positionsof the planetsat particulartimes,but
in orderto makesenseof thoseobsenationsKeplerintroducedhenotionof anelliptical orbit that
theplanetfollows'.

ReichenbaclHdistinguithedbetweerntwo waysof regardingtheoreticalterms. lllata areenti-
tiesthatour obsenationssuggesexist, whilst abstracta arelogical construct§rom obsenational
terms:

Our obsenationsof concretethingsconfera certainprobability on the existenceof
illata — nothingmore. ...Secondthereare inferencedo abstracta. Theseinfer-
encesare. .. equivalencesnot probabilityinferences Consequentlythe existenceof
abstractas reducibleto the existenceof concreta.Thereis, therefore no problemof
their objective existence their statusdepend®n a corvention. (Reichenbach] 938,
p211-12)

Now how you regardtheoreticatermsdepend®n whatyou wantout of your theory Quine
(1951),for example,requiresonly thattheoriesshouldbe predictive andconcludeghattheterms
introducedby thosetheoriesareonly ‘real’ to the extentthatthey helpthosepredictions:

As an empiricist,| continueto think of the conceptuakchemeof scienceasatool,
ultimately, for predictingfuture experiencein the light of pastexperience.Physical
objectsareconceptuallyimportedinto the situationas corvenientintermediaries—
not by definitionin termsof experiencebut simply asirreduciblepositscomparable,
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epistemologicallyto the godsof Homer Let meinterjectthatfor my partl do, qua
lay physicist,believe in physicalobjectsandnotin Homers gods;and| considerit
a scientific errorto believe otherwise. But in point of epistemologicafooting the
physicalobjectsand the godsdiffer only in degreeandnot in kind. Both sortsof
entitiesenterour conceptioronly ascultural posits. The myth of physicalobjectsis
epistemologicallysuperiorto mostin thatit hasproved more efficaciousthanother
mythsasa device for workinga manageablstructureinto theflux of experience.

Hempelregardstheoriesin the sameway as Quine,andintroducedthe analogyof a theory
beinglike a netlaid over the groundof our empiricalexperience(1965). The netis tied down at
variousknots,ascertaintermsof our theoryaretied to obsenable data;but the otherknotsare
not sofixed, connectedo the groundonly via a networkof theoreticalconnectionsin Hempels
picture thereis no way to choosebetweentwo possiblenets— and so two setsof theoretical
terms— aslong asthey can both be tied to the samefixed obsenable points. Van Fraassen
(1980)similarly insiststhatwe shouldremainagnosticaboutthe ‘real’ statusof theoreticaterms.
On the otherhandif you wantto naturalise a theory ratherthanjust useit to makepredictions,
thenyour attitudeto theoreticakermschangesccordingly Naturalisatiorrequiresthatwe make
the obsened behaiour non-mysteriousAnd if the theorythatdescribeghatbehaiour invokes
theoreticalterms, then naturalisatiorrequiresthat we maketheir ability to play a role in that
theorynon-mysterious Planetsfor example,follow elliptical orbits. Why? Keplerhimselfdid
not have an answer For Keplerelliptical orbits werejust the paththat planetsfollowed. They
wereabstractaBut Newton suppliedanexplanationof planetarymotionby proving thatelliptical
orbitsareminimain theenegy field of the planet-sursysten. It takesanexternalforceto shift a
planetfrom thisorbit, soanundisturbeglanetwill follow it in thesamewaythatamarblefollows
agroove. Thuswe have anunderstandingf whatthe theoreticatermrefersto independently of
the behaiour thatit is introducedo explain: elliptical orbitsaregroovesthat planetsfollow, not
just pathsthatthey traceout. Newton turnedKeplers abstractanto illata.

Naturalisatiorrequiresthatif we wantto explain the behaiour of a system,S, by reference
to its possessing propertylabelledwith thetheoreticakermP, thenit must,atleastin theory be
possibleto determinevhetheror not SpossesseB independentlyf the behaiour it wasinvoked
to explain. If we cannotindividuatethe theoreticaltermin this way thenit is no morethanan
empirically useful corvention, ratherthan part of an explanatoryunderstandingf the system.
Sometimesve canobsene Ps directly, suchaswhenCrick andWatsondiscoveredthe mechanism
underlyingMendel’s geneticfactors.In othercases— suchasNewton'’s naturalisatiorof Kepler
— we canonly obsene the forcesout of which the theoreticaltermis constructed .No-onehas
seenan elliptical orbit, but we have all seenthe effect of gravity from which thoseorbits canbe
calculated But evenin thesecaseghe stuff outof whichthetheoreticakermis constructeds not
the samestuff thatwe areusingthattheoreticatermto explain. Theelliptical orbit of a planetis
determinedby its initial stateandthe sun's gravity, not the subsequentotionthatwe areusing
thatorbit to explain.

The sameargumentappliesto Dennetts exampleof a centerof gravity (1991). Newton ob-
senedbodiesactingundergravity andpostulateda pointthroughwhichtheforceacts.If wewant

4Actually Newton did not conceve of orbitsin quitethis modernway, but Feynmanshows how the two views are
equialent(1964).
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to know why gravity actslike thisit is notenoughto explain thatthe centerof gravity is the point
throughwhichgravity actsonarigid body. It is empty atbest,to claimthatgravity actsthrougha
certainpoint because it is the centerof gravity, unlesswe supplementhis with an explanationof
how andwhy centersof gravity have the propertieghatthey do. The explanationgoeslike this.
Newton'’s theory only describeghe effect of gravity on point massesbut planetsarelarge and
complicatedmadeup of mary partsthatexert gravitationalinfluenceon eachother However if
we assumehatthebodyis rigid thenNewton'slaw of actionandreactiormeanghatthesenternal
forcescancelout, andthatthe netforce on the whole will actthroughthe weightedmeanof the
positionsof the constituenpoint massesThis alsoexplainswhy, whenthe bodyis not perfectly
rigid, gravity doesnot actsolely throughthe centerof gravity (whichis why we have two tides
a day ratherthanjust one). We cannotobsene centersof gravity directly, but we canobsene
the force of gravity actingon the parts of a large body, suchaswhenwe usea swing pendulum
to measurdghe massof a nearbymountain. Fromthis evidence,andNewton’s third law, we can
explain how gravity will actonthewhole.

Without a naturalisedheoreticatermwe don't have anexplanation justa description.It was
on this point that the wrong, but empirically successfultheoriesthatlitter the history of science
tendedo comeunstuck.Thecalorictheorycouldaccounfor theflow of heatbutit wasmolecular
motionthatcould be obsened buffeting RobertBrown’s pollen grains. Epicyclesandcrystalline
spheregouldaccountor the planetaryorbits, but only ellipsescouldbe explainedby aforcethat
could alsobe obsered acting on apples. Paley’s God-designecould accountfor the origin of
speciesbut only Darwin’sdescentvith modificationcouldbeseenin thework of pigeonfanciers.
Maxwell's equationcould be understoodn termsof aethereaVibrations,but only photonscould
producethe photoelectriceffect. Chi is a very usefultheoreticalterm in the handsof a Chinese
doctor but cannotbe unifiedwith the view throughthe microscope.

The problemof theoreticaltermsis closelyrelatedto the problemof dispositions Carnap
(1953) pointedout thatif the dispositionalpropertyof ‘being soluble’is definedas ‘dissolving
whenin water’ thenthe claim that*X dissoledbecausét wassoluble’is tautologou8 But we
canavoid this tautologyif we regarda dispositionasakind of theoreticakermthatwe invokein
orderto explainthe obseredbehaiour. And if dispositionsareatypeof theoreticatermthenthe
obviousnext stepis to turntheminto illata; in otherswordsidentify a propertyof thesubstancén
virtue of which it displaysthatbehaiour. As Sober(1981,p149),following Quine(1969),putsit:

We characteris®uine’s positionthat no irreducibly modal propertiesare permitted
in scienceby sayingthata propertytermwhich is definedcounterfactuallymustbe
renderedepistemologicallyaccessible Although the predicatemay be modally de-
finedin termsof whatwould happerin some(nonactualpossibleworld, it shouldbe
possibleto find out if theobjectsin theactualworld possesshatproperty

For example,asubstancavill dissohein waterif the VanderWaalsbondsbetweerits molecules
areweakerthanthe bondsthatwould be formedbetweerthosemoleculesandH,O. This prop-

5This amgumentoriginatesin Moliere’s pasticheof 18th Centurydoctorswho explainedthatopiuminduceddrowsi-
nessbecauset possessg‘dormative properties’. The samekind of doctorscanbe foundtoday Think of thosewho,
for example,explainthata child is hyperactve becauséie hasAttention Deficit Hyperactvity Disorder whenADHD
itself is definedin termsof the exhibited symptoms ADHD doesnot explain hyperactvity, it justlabelsit.
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erty is ‘epistemicallyaccessible— we canfind out whethera substanc@ossessethis property
without puttingit in water Thereforehisis the propertythatthedispositionof solubility refersto.
This agumentfor the naturalisatiorof theoreticaltermsand dispositionsstemfrom the in-
tuition thatthey shouldbe regardedascausalpropertiesandentities. Elliptical orbits, centersof
gravity, solubility, anddescenthroughmodification play a causatole in thephenomenéhatthey
wereintroducedto explain. If we do not requireour theoreticatermsto play a causalrole, then
thereis no harmin leaving themasabstractaThe problemof causatioris too deepto betackled
heré, thoughit is possibleto saythis: if wewantto claimthatanentity or propertyis acauseof an
effectthen,attheveryleast,it musthave anidentity independentf thatwhichit hasbeeninvoked
to explain. To saythat ‘the causeof A caused?’ is empty asDavidson(1980)putsit. If Ais an
obseredbehaiour, andthe causesve arelooking for includetheoreticatermsanddispositions,
thennaturalisatiorprovidesoneway of individuatingthe causeof A independentlpf A.

The possibility of naturalisatioris what differentiategphysicalobjectsfrom Homers gods.
They differin kind andnotjustdegree,asQuinewould have it. Godsaretheoreticatermsthatwe
introduceto explaintheworld; likewisespiritsandsoulsandchi. Butwhatevidencedowe havefor
them,otherthanthatwhichweinvokethemto explain? Whataregods,or souls madeof? Why are
they ableto have the causaleffectsthatwe attributeto them?How do they work? We cannotask
thesequestionof gods,but they canbe askedandansweredof physicalobjects.In otherwords
physicalobjectscanbe naturalised. But not all of the theoreticalentitiesintroducedby science
live up to theserequirementsExplanationmustbottomout somevhereandsowhenit comesto
the bottomlevel of explanation,to the mostelementaryphysicalparticles,thennaturalisationis
notanoption. As elementanparticlephysicistJamesCushingremarks(1982,p78Y,

Whenonelooks at the successiomf blatantlyad hoc movesmadein quantumfield
theory(negative-enegy seaof electronsdiscardingof infinite self-enegiesandvac-
uum polarisationslocal gaugeinvariance forcing renormalisatiorin gaugetheories,
spontaneousymmetrybreaking permanentlyconfinedquarks,colour, just asexam-
ples)and of the picturewhich emegesof the ‘vacuum’ (aether?)as seethingwith
particle-antiparticlgpairs of every descriptionand asresponsibldor breakingsym-
metriesinitially presentonecanaskwhetheror not natureis seriousy supposedo
belike that.

Onecanaskthe questionbut it cannotbe answeredinlesswe wereto discover independent
evidenceof anothedayer of mechanisnbelow that of quantumfield theory Until thattime then
Quine'sremarkis correct:the differencebetweerHomers godsandthe virtual particlesof mod-
ern physicsis one of degree,not kind. But this is only true of the theoreticalconstructionsof
fundamentaparticlephysics not physicalobjectsin general We shouldapply differentepistemic
standardso the higherscienceshatthoseof thebottomlevel.

6Both Glennan(1996)andBhaskar(1978) proposeanalysef causationandits relationshipto mechanismthat
areconsistentvith the specificcasegiscussedhere.
“Quotedby Cartwright(1983,p7).
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3.4 Lawsand Exceptions

Mercury doesnot obey Keplers Laws to the letter, andNewton could not explain why. But Ein-
steincould. If Newton ensuredKeplers placein the book of Physicsthenwhy didn’t Einstein
write Keplerout again?Einsteins explanationof anomaloudvercury certainlyundermined Ke-
pler, but it doesnot seento have beenfatal in theway thatKeplers underminingof Ptolemyhad
been.Why not? Thereasornis this.

Naturalisatiorexplainsthe behaiour of a systemin termsof theunderlyingmechanismThe
logic of the explanationis thus:if the systenworkslike this, thenit will behae like that. There-
fore if the mechanisnthangeshenthe behaiour of the systemwill change.But the conditional
underlying the explanation will still be valid — it is just the antecedennho longerapplies. For
example,Newton shavedthatthe planetsobey Keplerslawsif hislaws of gravity andmechanics
were accurate. The problemwith Mercury s thatasit whips roundcloseto the sunthenrela-
tivistic effects shrink its inertial frame of reference andthe perihelionof its orbit shifts round.
Nonetheles# is still the casethatif Newton’slaws apply, thensowill Keplers.

If the only supportwe have for alaw is its empiricalaccurayg (or its predictivity) thenary
counterexamplewill countasa ‘hit’ againstthe law. On the other handif thatlaw hasbeen
naturalisedn anunderlyingmechanisnthencounterexamplescanbe accountedor in termsof
changesn the mechanism.Of coursecounterexamplesmakelaws lessuseful, but thereis a
differencebetweerbeinglessusefulandbeingdisproved. Kepleris notasempiricallyaccurateas
Einsteinbut, givenNewton’s naturalisationthenit is not disproved. Thisis why Keplerhasbeen
weakenednot deleted.

Consideranotherxample.The periodictableis the mostfundamentategularity in chemistry
Mendele and Newlandsdiscoveredthat the propertiesof the elementsshoved a periodicity of
seven, which enabledMendele to makesomeof the most startling scientific predictionsever
made.He correctlyprophesiedhe discosery andpropertiesof two newv elements— galliumand
germanium— to fill theobviousgapsin thetable,and predictedthattheaccepte@tomicweights
of tellurium and gold would be found to be wrong becauseheir currentvaluesdisruptedthe
otherwisemonotonicordef. At this pointin historythe periodicityof the elements— Newlands’
‘celestialoctaves’ — seemedike one of the mostpowerful universallaws ever discovered. But
thencamediscoveriesthatwerecompletelyunforeseenandwhich disruptedthe pristineperiodic
order First camethe spravling lanthanides andactinides(which areomittedfrom mostmodern
copiesof thetablein orderto makethepatternlook neater)thencameheliumandhydrogerwhich
formed a initial period of lengthtwo. However the electronictheory later not only explained
Mendele’'s periodicity but alsoaccountedor the exceptions. Mendele’s statusis now similar
to Keplers: theirimmortality doesnot just reston the empiricalaccurag of the patternsthey
discovered,but alsoon theway thatthey weresubsequentlyaturalised.

The philosophicalproblemhereis that of the epistemologicastatusof laws. The traditional
view held by mostmathematicaphysicists(with the notableexceptionof Feynman)is thatlaws
arewritten,in mathematicalanguagein the‘Book of Nature’or ‘Mind of God’. Thefirst problem
with this view — a problemcommonto all Platonicanddualistschemes— is anontologicalone:

8Soproving Rutherfords remarkthatthe correcttheoryis unlikely to bethe onethatfits all thefacts,sincesomeof
those'facts’ areboundto be provedwrong.
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what connectghe ideal andthe actual;what miracle ensureghat the objectsin our world obey
thoseideal laws? The secondmore pressing,problemis the epistemologicabne: how do we
know whatthoselaws are? Of courseempiricalevidencecansuggest the existenceof laws but
Popper following Hume, aguedthat no amountof confirminginstancesare enoughto prove a
law, eventhoughcounterexamplescandisprose them. Accordingto Popperwe cannever have
knowledgeof thelaws of nature all we have arehypotheseghathave not beenfalsifiedyet. But
whatdoesit taketo falsify ahypothesisHave KeplersandMendele’shypothesebeerfalsified?
No: counterexamplesdo not necessarilydisprove laws. If we canexplain the behaiour of the
systemhroughnaturalisatiorthenwe maybeableto accounfor thosecounterexamplesasbeing
dueto changesn theworking of the underlyingmechanismExceptionsanproverules.

The traditional view of laws went handin handwith the biasof predictvity: if the correct
descriptionof a behaiour is the onethatis mostpredictive thenthe mostsignificant,or ‘real’,
regularitieswill bethosethatareinstance®f universallaws. However, mostlawsin the scientific
canon,suchasthe Boyle’s or Keplers, arenot 100% accurateor predictve. The usualstratgy
for dealingwith thesecasess a mild form of Platonism,in which theselaws are saidto only
applyin an‘ideal’ world. Thusalthougha law, L, may not be universallytrue, it could still be
universallytruethatL holdsunderideal’ conditions.So,for example thegaslawsarenever 100%
accurateand sometimedail completely suchaswhenthe gasin a cylinder startsto condense.
Naturalisationcaneasilyaccommodatéhesecounterexamples but the moretraditionalstratgy
is to argue that theselaws only apply to anideal gas,not real ones(see,for example, Kripke
(1982)). The problemthenis to makesenseof the connectiorbetweereventsin idealworldsand
eventsin ours. Fodor, for example,holdsthatit is only universallaws thatarereal, not theideal
worldsto whichthey apply:

ontologically I'm inclinedto believe thatit’ s bedrockthattheworld containsproper
tiesandtheir nomicrelations;i.e., thattruthsaboutnomicrelationsamongproperties
are deeperthan— and henceare not to be analysedn termsof — counterfactual
truthsaboutindividuals. In ary event, epistemologically speaking)’m quite certain
thatit’ spossibleto know thatthereis anomicrelationamongpropertiesout nothave
muchideawhich counterfactualaretruein virtue of thefactthattherelationholds. It
is therefore methodol ogically speakingprobablya badideato requireof philosoph-
ical analyseghat are articulatedin termsof nomic relationsamongpropertiesthat
they be,asonesaysin thetrade,‘cashed’by analyseshatarearticulatedn termsof
counterfactualamongindividuals.. ..

ApparentlyKripke assumeghatwe cant have reasorto accepthata generalisa-
tion definedfor idealisedconditionsis lawful unlesswe canspecifythe counterfactu-
alswhichwouldbetrueif theidealisedconditionswereto obtain. It is, however, hard
to seewhy oneshouldtakethis methodologyseriously For example:Godonly knows
whatwould happenf moleculesandcontainersactuallymetthe conditionsspecified
by theidealgaslaws (moleculesareperfectlyelastic;containersareinfinitely imper
meable;etc.);for all | know, if ary of thesethingsweretrue, theworld would come
to anend. After all, the satisfactionof theseconditionsis, presumablyphysically
impossible andwho knowswhatwould happerin physicallyimpossiblewvorlds?

But it’ snotrequired,in orderthattheideal gaslaws shouldbein scientificgood
repute,thatwe shouldknow arything like all of whatwould happenif therereally
wereideal gases.All that's requiredis thatwe know (e.g.) thatif therewereideal
gasesthen,ceteris paribus, their volumewouldvary inverselywith thepressureipon
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them.And that counterfactuathe theory itself tellsusis true. (Fodor, 1990,p93)

Fodor’s criticism of Kripke, thatwe simply do notknow whatwould happerin idealworlds,is
correct.Many suchidealworldsareindeedphysicallyimpossible:if moleculesollidedelastically
thensolids,includingimpermeablgascontainersgouldnotform. It is like imaginingaworld that
containsan unstoppablebjectand an unmoveableobstacle. Thuswe cannoteven makeproper
senseof Kripke's modalcounterfactualdet aloneusethemasthe epistemologicafoundationof
lawhood. However Fodor’s alternative to Kripke is circular Fodoraskswhatwe needto know in
orderfor the gaslaws to be“in scientificgoodrepute”. His criterionis thatthe gaslaws should
hold for ideal gase<eteris paribus, andhis only justificationfor believing this is thatthe theory
is true; but ajustificationfor believing thisis whatwe werelooking for in thefirst place.Fodoris
‘quite certainthatit’ spossibleto know thatthereis anomicrelationamongpropertiedut nothave
muchideawhich counterfactualaretruein virtue of thefactthattherelationholds’, but givesno
reasorfor his certainty

But we canavoid the metaphysicabaggageof modalcounterfactualandidealworldsif we
understanadhe gaslaws as naturalisedempirical regularities, ratherthan universallaws. This
only requiresthat the extent to which moleculesand containersapproximatethe ideal explains
the extent to which the gaslaws apply After all, sayingthatx tendsto y in the limit doesnot
requirethatwe postulatean ‘ideal’ pointatwhich x andy actuallymeet.Naturalisatioraccounts
for the obseredregularity, andalsothe exceptions,in a concrete empiricalandmetaphysically
non-problematievay.

I am not inclined to believe that ‘it’ s bedrock’ that the world containspropertiesand their
nomicrelations;indeedit is hardto makesenseof the claim thatthe world contains a law except
in aPlatonicsense Theworld comprisesnatterwhosebehaiour exhibits certainregularities,and
for this to be true we do not needto presuppose@rior laws that that matter‘follows’ according
to its essentiahaturein somemiracleof cosmicobedience Why doesthe world of fundamental
physicsbehae asit does? The misleadingansweris thatit is dueto Platonicideal laws. The
honestansweris thatwe do not know — but the biasof naturalisatiorwarnsagainsturningthis
necessitynto avirtue. This limitation is a peculiarityof the bottomlevel of physicalexplanation,
andnot somethinghatphysicsenvy shouldtemptusto acceptin the highersciences.

3.5 Prediction and I nduction

The predictive power of Keplerstheorywasnotenoughonits own, to save his placein thebook
of physics. Nonethelespredictionis an essentiapart of our ‘idea of the good’ in scienceand
seemgo bein someway linkedto our ability to explain aphenomenonThebesttheoriesareboth
naturalisableand predictve. Sowhatis therelationshipbetweerthetwo?

The first thing to notice is that naturalisationis not equivalent to prediction. The laws of
Copernicusor the Mayansare (potentially) as predictive as Keplers, but only the latter canbe
naturalised.On the otherhandnaturalisatiordoesnot alwaysyield accuratepredictions for two
possiblereasons.The first possibilityis thatalthoughthe workingsof the systemcanbe under
stood,they aretoo comple andsensitve for usto derive predictionsin practice.Meteorologists,
for example,cannotproduceaccuratdong-termweatherforecastseven thoughthereis nothing
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mysteriousaboutthe mechanismshat drive changesn the atmosphereThe secondpossibility
is that the mechanisrmunderlyingthe behaiour of the systemwill itself change.For example,
we cannotpredicthappendo a gaswhenit condensefust from knowledgeof the mechanisms
underlyingthe gaslaws.

Naturalisationis not equivalentto prediction. But the bias of naturalisatiordoes affect how
we usepastexperienceto makepredictions. Our experiencecanbe interpretedn mary differ-
ent ways, and differentinterpretationsnay generatalifferent predictions. This ambiguity lies
behindboth Hempels and Goodmans problemsof induction. Hempels problemconcernshe
asymmetricahatureof justificationandconfirmation(1965). Supposeahat we were seekingev-
idencefor the inductive claim that“all ravensareblack” [Vx(Rx — Bx)], of which a blackraven
[Ra& Bq] is aninstance Thisclaimislogically equivalentto “all non-blackhingsarenon-rarens”
[Vx(—-Bx — —Rx)], which seemgo imply, counterintuitively, that our original claim would be
supporteddy finding a non-blacknon-raven[-Ba& —Ra], suchasa blue parrot. But the bias of
naturalisationmpliesthat our theoriesaboutthe colourof birds shouldnot just be basedon ob-
sened correlations put alsoby understandinghe mechanisnthatlinks colourandmembership
of a species.We canonly explain the obsened connectionbetweenravenhoodand blackness,
for example,by understandinghe developmentaprocessesonnectinghe wild-type genomeof
Corvus corax to featherpigmentproduction. This providesgood groundsfor believing that all
organismghatcarrythosegenesvould beblack®. Conversely explainingtheconnectiorbetween
non-blackthingsandnon-ravensrequiresdemonstratinga mechanisnbetweerbeingary colour
except black,andnot beinga living organismcarryingthatgenome.But the only way to do this
wouldbeasalogicalconsequencef having demonstratethepreviousconnectiorbetweemavens
andblacknessandblue parrotswould beirrelevantfor thistask.

We can usethe samestratgy with Goodmars problem of the projectibility of predicates
(1955). If we definethe propertygrue asbeinggreenbeforethe year2000andblue thereafter
thenwe have preciselyasmuchevidencefor emeralddeinggrueasgreen:every instanceof an
emeraldbeing greenin this millenniumwill also be an instanceof one beinggrue®. But this
impliesthatwe shouldpredictthatall emeraldswill turn blue at midnighton the 31stDecember
1999. Thereasonwhy we describeemeraldsas having a certainconstantcolour is becauseve
have someintuitionsaboutthe mechanismsinderlyingour obsenations;in this caseit is thatthe
colourof emeraldss dueto theway thattheir crystalstructuretransmitdight. Thereforeaslong
asthemechanisndoesnot changeover the millenniumthenneitherwill thecolourof thecrystal.
Comparethis confidencewith our attitudeto the millennium computerbug. We may be usedto
our personaktomputersvorking happily, but becausave have someknowledgeabouthow they
storeandprocesdates,andhow this mechanisnwill be affectedby the incrementrom ‘99’ to
‘00", thenwe intuit that, unlike emeraldstheir behaiour maywell changevhenthe millennium
comes.

Naturalisatiorprovidesaguideasto which predictionswve shoulddrav from ourobsenations,
but it alsogivesus cluesaboutwhich predictionswe shouldnot. If we know thatan obsenred
regularity is coincidental,andnot dueto a similarity in the underlyingmechanismthenwe are
lesslikely to lay betson it persisting. Chairs, for example,comein mary differentmaterials,

9This examplewill besignificantwhendiscussinghe heritability of biologicaltraitsin chapter8.
10T his simplified versionof the original problemis dueto Gardenforg1990).
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shapesandsizes.They needhave nothingin commonotherthantheir ability to provide aseat.It
may be the casethat every chairwe have saton weighedabout10lb, but this may have beenfor
a differentreasonin eachcase:onechair may beenmadeof wood, anotherof metal,andso on.
Thereforewe know thatthereis nothingin the natureof chairsto makethemalwaysweigh 101b.
It is likely thatotherchairswe comeacrosswill besimilarto theoneswe have seerbefore but we
would not be particularlysurprisedo comeacrossaninflatablearmchairthatweighedonly afew
ouncesor athronethatweigheda ton — it would not causeusto rethinkwhatchairsare. On the
otherhandwe would be puzzledto comeacrossa chairthatwasnot suitablefor sittingon. Would
it really be a chair? But the reasorwhy we predictthatall chairscanbe satonis dueto how we
definewhata chairis, andnot from inductionsaboutchairsthatwe have encountered.

Naturalisationalso providesa way of accountingor predictionsthatdo not succeedjust as
it could provide a way of accountingor exceptionsto laws. The Victorians,for example,were
surprisedto discover swansin Australiathat were black, ratherthanwhite — just aswe would
be surprisedo discover an albino raven. But doesthis meanthat the Victorianswerefoolish to
predictthatall swanswerewhite? No, becausehe black swansbelongedo a nenv sub-species
which, like thealbinoraven,hadaslightly differentgeneticnake-ugo thosepreviously obsered.
Thereforethe developmentamechanisnon which they basedheir predictionshadchangedThe
predictionwasjustasvalid asbefore,it is just thescopeof its applicationthathadto berevised.

| agreewith Goodmanthat ‘the problemis not to guaranteghat inductionwill succeedn
the future— we have no suchguarantee— but to characterisevhatinductionis in away thatis
neithertoo permissve nor too vague!!. Naturalisatiordoesnot guaranteehata predictionwill
succeedbut it doesexplain how we mayproducepredictionson the basisof pastexperienceThe
importantpointis that confidentpredictionsare not just basedon the accumulatiorof empirical
evidencebut on knowledge or intuitions,aboutthe mechanisnunderlyingthatevidence.

3.6 Conclusion

Naturalisationembodiesa certain‘idea of the good’ in science. It is a way of sortingthrough
all the possibledescriptionsof our empiricalevidencein a way that (1) explainswhy the world
behaeslike that,and(2) alsoexplainswhy sometimest doesnot. It is anideaof the goodthat
KeplerandDarwin andMendele andMendellivedup to, but Ptolemydid not.

Now whenwe talk aboutthe ‘great’ theoriesof sciencewe usuallythink of therevolutionsin
fundamentaphysics,of Newton and Einsteinand QuantumMechanics.But becausehey were
concernedvith the bottomlevel of naturethennaturalisatioris not an option for thesetheories,
andsodifferentcriteriaof goodnesapply Unfortunatelyphysicservy hasmeantthatthe latter
idealis heldup asthe standardhattherestof scienceshouldaspireto. Thisis a mistake,andwe
shallseesomeof theimplicationsof this mistakein therestof thisthesis.

11EromPutnams foreword to the fourth edition of Fact, Fiction and Forecast.



