
PART I: MATTER

In these two chapters I sketch the basic principles of a dialectical materialist understanding

of nature, and consider its implications for some of the key issues in the philosophy of sci-

ence, including emergence, supervenience, prediction, explanation, and induction. The main

target of chapter 2 is reductionism, and the main target of chapter 3 is empiricism.



Chapter 2

Anti-Reductionism

Thereis anold bit of advicewhich says:Watchyour friends;yourenemieswill take
careof themselves.In thescientificmétier, thissayinggoes:Suspecttheobvious;the
obscuretruthswill eludeyouanyway.
— Kline, Mathematics in Western Culture

The sting is only removed from a systemof thoughtwhentheparticularconditions
underwhich it makessensearedescribed.
— Bhaskar, A Realist Theory of Science

Overthelastthreehundredyearsthescientificmaterialistunderstandingof theworld hasbeen

mouldedby twopictures,two intuitions,andI wantto convinceyouthatathird is at leastpossible.

Thefirst intuition is reductionism. Societiesaremadeof people,peoplearemadeof cells,cellsof

molecules,andmoleculesof atoms.Thesepartscometogetherto form wholes,andthebehaviour

of the wholesare determinedby the parts. The logical conclusionof reductionismis that all

science— and,in extremecases,all art,ethics,andpolitics— is just ‘physicsplusabbreviations’

asthelogicalpositivistsput it.

Reductionismhasbeenonethemostpowerful ideasof themodernage,but many arereluctant

to reachits seeminglybrutalconclusions.‘Indeed,it seemsto bea little-known law governingthe

behaviour of contemporaryphilosophersthatwhenever they professfaith in any form of material-

ism or physicalismthey mustmakeit absolutelyclearthat they are,of course,in no way endors-

ing anything asunsophisticated,reactionary, andgenerallyintolerableasreductionism’(Melnyk,

1995).

The alternative intuition is lessof a militantly cohesive picturethanreductionism,andmore

of anunderstandablereactionto it. Let uscall it pluralism, thoughthesameintuition goesunder

differentnamesin differentcontexts. The centralpoint is that objects— includingpeople,and

their art ethics,andpolitics — mustbeunderstoodon their own terms.As Fodor, in a review of

E.O.Wilson’sreductionistmanifestoConsilience: The Unity of Knowledge, putsit

everything is physicalperhaps,but surely therearemany kinds of physicalthings.
Someare protons;someare constellations;someare treesor cats; and someare
butchers,bakersor candlesticks.For eachkind of thing, thereare the proprietary
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generalisationsby which it is subsumed,andin termsof which its behaviour is to
beexplained.For eachsuchgeneralisationthereis theproprietaryvocabulary thatis
requiredin orderfor ourdiscourseto expressit. Nothingcanhappenexceptwhatthe
laws of physicspermit,of course;but muchgoeson that the laws of physicsdo not
talk about.

It is importantto realisethatthereis nonecessarycontradictionbetweenpluralismandreduc-

tionism,andmostmodernphilosophiescombineelementsof both. For example,many scientists

andphilosophersareincreasinglyunhappywith reductionistclaimthatthehigherlevelsaredeter-

mined by thelower, andoneattractivealternativeiswhatwemaycall pragmatic anti-reductionism.

This arguesthatalthoughreductionismmaybecorrectin principle,it canrarelybeusedin prac-

tice: it is simply not feasibleto collectall thedata,andperformthecalculationsnecessary, for all

but themosttrivial systems.Accordingto pragmaticanti-reductionism,propertiesof wholesmay

bedeterminedby thoseof theparts,but thisdoesnot imply thatthey arenecessarilyderivablefrom

them. If you want to understandthe world thenthe only possiblestrategy is to investigateeach

phenomenononits own termsratherthanstartfrom thephysics.In my experiencemostpractising

scientistswouldagreewith someform of pragmaticanti-reductionism.

Basicpragmaticanti-reductionismcanbestrengthenedin variousways.For example,we can

borrow from chaostheoryandarguethataggregatepropertiesof thesystemmaybesensitive to

somepropertiesof a part, suchas the infamoussensitivity of weathersystemsto a butterfly’s

wing. If this is the casethen accuratepredictionsabout the higher level dependon knowing

the propertiesof the partswith unboundedaccuracy, andtherearevariousreasons,suchas the

UncertaintyPrinciple,why this is not possible.

A pragmaticanti-reductionistcanalsoarguethatjustknowing thepropertiesof thepartsis not

enoughto derivehigherlevel properties;wealsohave to know thecompositionof thehigherlevel

entitiesthatwe areinterestedin. Thusalthoughthesetof valid higherlevel descriptionsmaybe

determined by thelower level properties,they cannotbediscovered or derived withoutadditional

knowledge.Thuswe find that,with a few exceptionsin astrophysics,therearevirtually no cases

in thehistoryof sciencein whichahigherlevel scientificlaw or descriptionhasbeenderivedfrom

a lower one;rathersuchphenomenaarediscoveredby investigationat theappropriatelevel and

only subsequentlyrelatedto lower level properties.

For a non-realist— for whompropertiesonly exist within, or with respectto, our knowledge

— thesepragmaticobjectionsto reductionismare also ontologicalones. Thus if objectsand

propertiesmustbediscoveredat their appropriatelevel (ratherthanthehigherbeingderivedfrom

thelower) thenthey will have thesameepistemologicalstatus;andthismeansthattherewill also

be an ontologicalsymmetrybetweenlevels of organisation.Indeedit seemsplausiblethat it is

this ability to avoid reductionismthatattractsmany materialiststo someform of pragmatismor

instrumentalismin thefirst place:instrumentalismallowsoneto beamaterialistwithout implying

reductionism.

(It is sometimessaidthatanabstractphilosopher, in contrastto a hard-headedscientist,is one

whowill complainthat‘it maywork in practice,but doesit work in principle?’Weknow thatanti-

reductionismis a vital strategy in scientificpractice,sowhy shouldwe carewhetherit works in

principle?Theproblemis thatthereis noChineseWall betweenpracticeandprinciple.A scientist

strivesto gettheir truth-in-practiceascloseto thetruth-in-principleaspossible;theirassumptions
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of principleguideempiricalwork. Thereforeif we wantto avoid a reductionistscientificpractice

thenweneedanti-reductionistprinciples.)

Anotherway of avoiding the implicationsof reductionismis to expressthe relationshipbe-

tweenlevelsof organisationin termsof supervenience (Kim, 1984).Theideais thatapropertyof

awhole,P, is supervenientonsomepropertiesof theparts,p, if f therecanbenochangein P with-

out achangein p; or if whentwo entitiesareindiscerniblewith respectto p they areindiscernible

with respectto P1. Thusthe conceptof superveniencecanbe usedto describethe relationship

betweenlevelsof organisationwithoutmentioningthereductionistbogey-word ‘determination’.

Thenotionof emergence hasalsobeenusedto do a similar job to thatof supervenience.The

ideais thathigherlevelsof organisation‘emerge’ out of the lower, ratherthanbeingdetermined

by it. But theproblemis thento defineemergencein a way thatdoesnot involve determination.

Oneway is a kind of mysticalholism in which wholesareblessedwith propertiesthat arenot

dependenton parts. But the morecommonway is a kind of pragmaticreductionismin which

propertiesof wholesareconsideredemergentif they arein someway novel or surprising(Nagel,

1961,p374-80)(Crutchfield,1994). Hydrogenandoxygengasarenot wet, for example. Indeed

thereis nothingaboutthemwhich evensuggests wetness.But if you put themtogetherandspark

a chemicalreactionthenyou getwater, which quiteclearlyis. Nonethelessit still seemsthecase

that thepropertiesof wateraredeterminedby thoseof its constituentmolecules,even if we have

problemsderiving them.

Anotherwayof combiningreductionismandpluralismis toholdthateachdoctrineis trueof its

own separatedomain.Theusualsplit is thatreductionismholdsfor biology downwards,whereas

pluralismappliesto humansandtheir cultures‘from theneckup’, asit were. Thuswe find that

many philosophersarerelatively uncriticalof reductionismin naturalsciencewhilst strenuously

denying that the samemethodologycanbe appliedto humanaffairs2. Nonethelessit is hardto

avoid the blunt fact that our humanexperienceis in someway linked to our ‘lower’ properties.

If you pushme, for example,then,asa physicalobject,I will fall. If I fall then,asa biological

object,I will be injured. If I aminjuredthen,asa psychologicalobject,I will be in pain. And if

I amin painthen,asa socialobject,I will sue.Thuswe have many waysof being,andall these

waysof being— theselevelsof organisation— arelinked.

Thereis evidently someconnectionbetweenlevels of organisation,but what? The obvious

answeris the reductionistone, that higherpropertiesaredependenton lower ones. But in the

restof this chapterI argue that, althoughreductionismmay be true in onesense,it only gives

us half the picture. Reductionismis true in the sensethat the propertiesof anobjectareindeed

dependenton thoseof its parts;but it is also true that the propertiesof partsaredependenton

wholes.Considerthisexample.In thenineteenthcenturyBritain twicewentto war with Manchu

Chinain orderto freeup hertradein opium. Sotheforeignpolicy of theBritish Empireresulted

in an increasein the concentrationof opiatesin the brainsof millions of Chinesepeasants.If a

Chineseneurologistwantedto know why therewassuchahighconcentrationof endorphinsin the

1Thesetwo versionsof superveniencearenotstrictly equivalent,but thedifferencesbetweenthemarenot important
for this discussion.

2Thesamecombinationof intuitionsrecursin MargaretThatcher’s infamousclaim that ‘there is no suchthing as
society, just individualsandtheir families’. After all shedid not claim thattherearejust atoms andtheir interactions,
asamoreconsistentreductionistwould. Individualsaretheonly thingsthatexist for Thatcherfor thebluntly pluralist
reasonthatthey aretheactorsin thepolitical discoursethatshewasconcernedwith.
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synapsesof thebraincellsshestudied,thenpartof theanswerwouldpoint to British Imperialism.

Moreover, oneof theeffectsof thismassaddictionwasto increaseChinesesupportfor theTaiping

rebellionwhich calledfor the prohibitionof opiumandtheexpulsionof the foreignpowersthat

supportedthetrade.Soin orderto understandthispieceof historywe musttracetheconnections

from thesociallevel,down to biology, andbackup to thesocialagain;andit is preciselythiskind

of analysisthatbothreductionismandpluralismrule out. Thepluralistwouldarguethatyou can

understandtheebbandflow of historicaltideswithout botheringwith biology. Thereductionist

would disagree,but would arguethat thebiologistshouldstick to biochemistry, becausepolitics

cannottell usanythingaboutbrains.

Or considerthisotherexample.Wearenow all familiar with theincreasingpowerandsophis-

tication of psychoactive drugsthat areableto relieve the symptomsof variousconditions,such

asthe effectsof SSRIson depression.The reductionistinterpretationof this successis that the

psychologicaldepressionis caused by aneurochemicalimbalancewhichthedrugscorrect.Many

pluralistsareunhappywith this interpretationandpreferto emphasisethepsychologicaland/orso-

cial causesof thecondition,but seemto believethatthisrequiresthey deny thatthedrugshaveany

beneficialeffectsatall. But thereis nocontradictionbetweenthetwo explanations.It is perfectly

possiblefor socialpressuresto have effectson theneurochemistryof our brains,with depression

beingtheresult. Drugscanbreakonelink in this chain— andtherelief canbewelcome— but

thisdoesnot imply thattheconditionwasultimatelybiological.

Wearenotdeterminedby ourbiology, asthemore‘greedy’ reductionistwouldargue.But nor

arewe independentof it, asthe more‘idealistic’ pluralistwould argue. What we do ashumans

dependson ourbiology; but it is equallytruethatwhatwe doashumansaffects our biology. The

restof this chapteris an attemptto outline an alternative way of understandingthe relationship

betweenlevelsof organisationthatcanaccommodatethissimpleintuition.

2.1 Reductionism and Materialism

The basicpremiseof reductionismis that theworld is madeof objects,eachof which hasprop-

erties. Theseobjectscometogetherto form larger objects,and the propertiesof thesewholes

aredependenton the propertiesof their parts. We may thenarguewhetheror not descriptions

involving thoselargerobjectsareeliminable,or whetherthepropertiesof thewholesarestrictly

derivablefrom thoseof theparts,but thebasiclogic seemsto beanirrefutableandinevitablecon-

sequenceof materialism(Melnyk, 1995)—hencethesuspicionin somequartersthatanyonewho

espousesany form of anti-reductionistholismmustbesomekind of ‘flaky’ anti-materialist.Let

meput thesamepoint anotherway: how, precisely, canthewholebegreaterthanthesumof the

parts?If oneis to remaina consistentmaterialistthenit is a bit of theproblemto explain where

theextra comesfrom.3

Reductionismseemslike oneof themostobviousandbasictruthsin science.But it isprecisely

3“The whole is greaterthan the sum of the parts” is a useful way of summingup the basic intuition of anti-
reductionism,but it is strictly inaccurate.The ideathat thewhole is greaterthana linearsumof its partsis perfectly
compatiblewith eventhestrictestreductionism.Thegravitationalforcebetweentwo masses,for example,is equalto
theproduct of theparts,andyet this exampleis a triumphof reductionistanalysisratherthanbeingany kind of threat
to it. A moreaccurateway of expressingtheproblemis to askhow thewholecanever bemorethana function of the
parts.
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becauseit seemsso obviousandbasicthat I want to put it undersuspicion.The aim is to show

how it is a peculiarlyone-sidedwayof lookingat theworld, andto suggestanotherperspective in

anattemptto redressthebalance.Unfortunatelythereductionistintuition runssodeepthat it is

difficult to know whereto startchallengingit. It is temptingto startfrom metaphysicalfirst prin-

ciples— this is, afterall, thephilosopher’snaturalstrategy — but I have foundthatpresentingthe

argumentin thiswayrarelyconvinces.It seemsthattheintuition is just too deep.Thealternative

strategy that I pursuehereis muchmorepragmatic.I considerthreesimple,familiar, examples

of systemsmadeof many interactingparts,andshow how theanti-reductionistperspectivecando

usefulwork in makingsenseof aspectsof thesesystemsthatthereductionistperspectiveneglects.

I hopethattheverymundanefamiliarity of theseexampleswill convincewheremetaphysicalgen-

eralitieswouldnot: if theanti-reductionistperspectivecandosomeusefulworkonsuchwell-worn

examplesthenperhapsit shouldbegivenachanceonthemoreobscureonesdiscussedlaterin the

thesis?

The first exampleis the Boyle-CharlesGasLaw, which statesthat temperatureof a closed

containerof gasis inverselyproportionalto its temperature.In this casewe have anobject(the

container)that hasproperties(temperatureandpressure)that behave in a particularway (they

vary inversely). Maxwell andBoltzmann,in a triumphof reductionistanalysis,provedhow the

behaviour of the gascouldbe explainedby the motion of the individual moleculesthat makeit

up: eachof thesemoleculescollide elasticallywith eachotherand the containerwalls, andas

we heatthe gasthe velocity of the moleculesincreasesandthey exert an increasedforceon the

containerwalls. Thusthe temperatureandpressureof a gasaredeterminedby themotionof its

molecules,andthegaslawsgoverningthepropertiesof thewholecontaineraredeterminedby the

lawsgoverningthebehaviour of its parts.

Thesecondexampleis Conway’sGameof Life. Supposewehavea largegrid of squarecells,

eachof which can be ‘on’ or ‘off ’. The stateof eachcell at the next stepin the life-cycle of

the grid is determinedby simplerulesdefinedover the currentstateof the cell andthoseof its

neighbours.Out of thesesimplerulesemerge a rich ‘eco-system’of higherorderpatternsthat

may glide acrossthegrid, blink betweentwo states,generategliders,andso on4. The Gameof

Life is oftenusedasanillustrationof how systemsof interactingpartsobeying simplerulescan

producenovel andinterestingbehaviour. But nonethelessit is still the casethat the appearance

andbehaviour of the objectsin the system(i.e. the higherorderpatterns)is determinedby the

arrangementandpropertiesof their parts. Glidersglide andblinkersblink becauseof the rules

governingthecells. TheGameof Life is anexampleof how thereductionistapproachcanmake

senseof theemergenceof complexity, nota challengeto it (Faith,1998).

Thethird exampleis acarengine.A carengineis madeof many differentparts— driveshafts,

pistons,cam-belts,and so on — eachof which are carefully engineeredto have very precise

properties.Noneof thesepartsproduceany power on their own, but whenthey areput together

in theright way thenwe have a completeenginethatdoes.Power is thusa propertyof thewhole

objectthatis dependenton thepropertiesof thevariousparts.

It shouldbe notedat this point thatnoneof thesethreeexamplesarebiological or social. I

donot, for example,considerhow thoughtprocessescanemergeout of theinteractingneuronsin

4For moreon theontologicalandepistemologicalstatusof thesepatternsseeDennett(1991).
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our brains,or how socialsystemscanariseout of the interactionsof freeagents.This omission

is deliberatefor I wantto breakdecisively with theintuition, mentionedabove, thatreductionism

may be true of the lower sciences,but not for us higher, sophisticated,biological beings. This

intuition only servesto enforcethegapbetweennaturalscienceandthephilosophyof mind that

it is my purposeto breakdown. I hopeto show, by consideringsuch‘mechanical’examples,that

reductionismis not enoughto understandexamplesfrom whatis usuallytakento be its strongest

ground,andhencethatits extensionto otherareasshouldbeviewedwith suspicion.

2.2 Anti-Reductive Materialism

So,how canananti-reductionistperspective helpusunderstandsuchsimplesystems?Consider

the derivation of the gas laws from the kinetic theory of molecularcollisions. Why do these

derivationswork sowell? Feynmanarguesthat

we shallfind thatwe canderive all kindsof things— marvellousthings— from the
kinetic theory, andit is mostinterestingthatwe canapparentlygetsomuchfrom so
little. . . .How do we getsomuchout? Theansweris thatwe have beenperpetually
makinga certainimportantassumption,which is that if a systemis in thermalequi-
librium atsometemperature,it will alsobein thermalequilibriumwith anything else
at thesametemperature.(1963,p40-1)

Sowhathappensif thegasis not in equilibrium?5 Theeasiestway to find out is to compress

it. As soonaswe pushon thewalls of the containerthe measuredpressurewill rise,andaswe

continueto pushwe do work in compressingthegas.This energy diffusesthroughthecontainer,

raising the meanmolecularmomentumper unit volume,and thosemoleculesnearerthe com-

pressedsurfacewill be affectedbeforethosefurther away. Thus the propertiesof the partsare

affectedby whathappensto thewhole. Theconstituentmoleculeshave themomentumthat they

do because of the pressureon the cylinder. The dependency only appearsto run the otherway

whenthesystemis staticor in thermalequilibrium. Or supposethatwe cool thecontaineruntil

the gasreachesits dew point wherethe moleculesstopreboundingandstartto stick togetheras

thegascondensesinto a liquid. Thusthemoleculesonly collide elasticallybecause they arein a

gasatacertaintemperature.Changesto thewholecanaffect therulesgoverningthebehaviour of

theparts.

The moleculesof the gasarecausallyaffectedby what happensto the whole container, but

thereis anotherway in which thepropertiesof partsof asystemaredependenton thewhole.This

is conceptual dependence.Suppose,for example,wewantedto know thepowerof thecarengine,

andin orderto measurethis propertywe connecteda measuringdevice to the maindrive shaft.

Now thedrive shaftis clearlya part of theengine,andyet thepowerwe measureis describedas

a propertyof thewhole. We would not usuallysaythat thepower of the shaft wasX Watts,but

that thepower of theengine, at theshaft,wasX . Power is a propertyof thewholeengine,but is

locatedat oneof theparts.On theotherhand,whenwe measurethepower at, say, thecamshaft

we wouldnot normallydescribethis as‘the powerof theenginemeasuredat thecamshaft’.Why

thedifferencein thetwo cases?Whatmakesoneapropertyof thewholeandtheothera property

5Non-equilibriumsystemshave beenlargely neglectedin physics,with thenotableexceptionof the work of Pri-
gogine(1962).
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of apart?Thereasondependsontherelationshipbetweentheengineandtherestof thecar— i.e.

thelargerobjectof which theengineis itself a part.Now theoutputof theengineis connectedto

therestof thecarvia thedriveshaft,sothepropertiesof thecamshaftandpistonheadsandall the

otherpartsdonoteffect therestof thecardirectly, but only throughthatsingleoutput.Thepower

of thedrive shaftis dependenton thepropertiesof theotherparts,not vice versa. In otherwords

somethingis describedasbeinga property‘of thewhole’ because it is dependenton otherparts.

Thereforethedependenceof wholeson partsis built into theway we define‘propertyof whole’

and‘propertyof part’; it is a conceptualassumptionthatwe make,not anempiricalresultabout

thewaysystemsactuallywork.

Thedistinctionbetween‘higher’ and‘lower’ propertiesin suchcasesis purelyepistemic.It

is anartefactof how we view the system.The speedof the camshaft,or the temperatureinside

the cylinders, is no lessa propertyof the wholesystemthanthe power of thedrive shaft. Each

of thesepropertiesis at thesamelevel. Thedistinctionis ratherbetweenpropertieswhosedirect

effectsarefelt outsidethesystemandthosewhoseeffectsareinternal. We designatethe former

ashigherpropertiessimply becausewe cannotseeundertheskin of thesystem,whenin strictly

ontologicaltermsthereis nothingto choosebetweenthem.6

What aboutour third example,the Gameof Life? The problemwith the usualreductionist

picture is that it treatsthe Gameasa formal system. However all actualGamesof Life — as

opposedto thePlatonicIdealof the formal definitionof the game— exist on computers7. And

all computers— asopposedto thePlatonicIdealof formally-definedTuringMachines— exist in

a physicalandsocialcontext. They have powersupplies,humanusersandprogrammers,cooling

fans,manufacturers,andsoon. This context formsa largersystemof which thecomputer, along

with theGameof Life thatrunson it, is just a part. Moreover this context cancausallyeffect the

runningof thegame:thepowersupplymayfail andinterruptit; theusermaygetboredandswitch

it off; theprogrammermaystartto hackat thecode;or themanufacturermayforceanupgradeof

theoperatingsystemwhich renderstheold codeobsolete.Thereforethebehaviour of thegliders

andblinkersin theGamearenot determinedsolelyby therulesgoverningtheparts,but arealso

dependentonthephysicalcontext in which theGameruns.

Howeverit maystill bearguedthatin all casesin which theGameis runningthenthesuperve-

nienceof thehigherpatternsonthecellularrulesis maintained;i.e. aslongastheGameis running

‘normally’ thenthe propertiesof the glidersandblinkersaredeterminedby therulesgoverning

thecells,eventhoughtheGameasawholeis dependentonwhathappensin its environment.But

this is notquitetrue.Supposeweaskwhy thecellsobey therulesthatthey do?Thesimpleanswer

is thatthecomputerwasprogrammedin acertainwaysuchthatthecellsobey therulesdefinedby

Conway. But why wasthecomputerconfiguredin thatway ratherthanany other?Now therules

of theGamewerenotrevealedto Conwayfrom onhigh,but weretheresultof experimentation;he

triedmany differentversionsuntil hefoundasetof rulesthatgeneratedinterestingbehaviour. This

processof experimentationis still goingon. Most copiesof theGameavailableon theWeb,for

example,allow theuserto playwith therulesthemselves,andsotherearemany differentversions

6Thispointwill becomeimportantwhenweconsiderthedistinctionbetweentheoreticalandobservationaltermsin
general(section3.3),andthestatusof mentalrepresentationsin particular(5.2).

7It is alsopossibleto run thegameusingpenandpaperthoughthis is time-consumingandtendsto rob thegameof
its interest.Thesameargumentsapplyin eithercase,soI will justdiscussthecomputer-basedform.
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of ‘the’ Gamein existence.Thus,in all existing instantiationsof theGame,therulesgoverning

the interactionsof the cells have the form that they do because they generateinterestinghigher

patterns,asmuchasvice versa. If therulesdid not generateinterestingpatternsthenthey would

bechanged.

(Of coursewithin thespaceof all possiblecellularautomatathereexistsone,call it L, which

hasthe samerulesasConway’s Game;and the rulesof L areprior to, andnot dependenton,

the behaviour they generate.But unlesswe invoke the axiom of choicethenL is pickedout as

The Gamebecause of the higherbehaviour. Therefore,even within the spaceof possibleCAs,

the propertyof ‘being the rulesof the Gameof Life’ is not prior to the propertyof ‘being the

emergentpatternsof theGameof Life’. Therulesmaybedefinedindependentlyof theiremergent

behaviour but thisdoesnot imply thatthey areontologicallyprior.)

Systemslike theGameof Life certainlyexhibit rich andfascinatingbehaviour. And in some

casessuchsystemscanbesuccessfullyusedto modelnaturalbiologicalphenomena— suchas

in the work of Thom,Waddington,Kauffman,andGoodwin,andin Turing’s diffusion-reaction

modelof morphogenesis.But we shouldbecarefulaboutderiving generalphilosophicalconclu-

sionsabouttherelationshipbetweenlevelsof organisationin naturefrom suchartificial systems.

Thesemodelsembodycertainassumptionsabouthow physicalsystemswork. In particular, they

assumethatthereis asetof prior lowerlevel entitieswhosebehaviour is determinedby fixedlaws.

Therefore,whenwe find that their higherlevel behaviour is only non-reduciblein a weak,prag-

matic,senseweshouldnot assumethatthis is a correctunderstandingof emergentphenomenain

nature.Dennettoncenotedthat,for philosophers,theattractionof experimentssuchastheGame

of Life is thatonegetsto makeup the facts. But we shouldbeawareof thecostof suchfactual

liberalism.

Wheredid thereductionistgowrong?Whereis theflaw in theirargumentabouttheinevitabil-

ity of reductionism?Theproblemwasthatthereductioniststartsby consideringthepropertiesof

objectsin isolation,andthenaskswhathappenswhenthoseobjectscometogetherto form wholes.

The reductionistmetaphysicalintuition is thatobjectsarein a strongsenseindependent of their

environment,in the sensethat they neednothingelsein orderto be. Accordingto this intuition

propertiesare intrinsic to objects,they areessential, they belongto the object-in-itself. But no

objecthaseverexisted‘in itself’. All objectsexist in the world. Althoughwecanimagineobjects

on theirown — wecanleave thementalbackgroundblank,asit were— all objectsthathaveever

actuallyexistedhave doneso in environments.All thingsare,on every occasion,surroundedby

other things. All objectsarepartsof larger wholes. Moleculesarepartsof gasses,enginesare

partsof cars,andGamesof Life exist within computers.The sameis true of starsin galaxies,

individualsin societies,cells in bodies,neuronsin brains,andright down the tertiary structure

of proteinsin their enzymaticenvironment. In noneof thesecasesareobjectsborn in isolation

andsubsequentlycometogetherto form wholes,rathertheobjectcomesinto beingaspartof the

whole.

Moreover thepropertiesandrulesgoverningthebehaviour of objectsdepend ontheproperties

of thoselargerwholes,andthey dosoin twoways.First,propertiesof partsarecausally dependent

on thepropertiesof wholes:coolingthecontainercausesthemoleculesto stopcolliding, andthe

glidersandblinkersin theGameof Life stopgliding andblinking if theprogramis interrupted.
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Second,propertiesof partsareconceptually dependentonwholes:thepowermeasuredat thedrive

shaft‘is’ thepowerof theenginebecauseof thewayin which it is connectedto therestof thecar,

andtherulesof aparticularCA ‘are’ therulesof theGameof Life becauseof thetypesof pattern

thatthey generate8. Wholesareoftendescribedasbeingemergentproductsof their parts.This is

true,but it overlooksthefact thatparts arealsoemergentproductsof wholes.

2.3 Downwards Causation

Downwardscausation(i.e. the causaldependenceof partson wholes)hashad a disreputable

history in the philosophyof scienceever sinceit wasproposedasa solutionto the mind-body

problemby Sperry, PopperandEccles(1977). It hasalsobecomeunpopularin the context of

socialstudiesby its associationwith stronglystructuralistanalysesof history, in whichtheactions

of the individual aredeterminedby highersocialstructures.Szent́agothaiadmitsthatdefending

downwardscausationwill confirmhis imageasa ‘crazy Hungarianandan impossibleromantic

adventurer’(1984),whilst Bedaunotesthat

although[downwardcausation]is logically possible,it is uncomfortablylike magic.
How doesan irreduciblebut supervenientdownwardcausalpower arise,sinceby
definitionit cannotbedueto theaggregationof themicro-level potentialities?Such
causalpowerswouldbequiteunlikeanythingwithin ourscientificken.Thisnotonly
indicateshow they will discomfortreasonableformsof materialism.Their mysteri-
ousnesswill only heightenthetraditionalworry thatemergenceentailsillegitimately
gettingsomethingfrom nothing.. . .But themostdisappointingaspectof [downwards
causation]is its apparentscientificirrelevance.. .We shouldavoid proliferatingmys-
teriesbeyondnecessity. To judgefrom theavailableevidence,[downwardcausation]
is onemysterywhichwedon’t need.(Bedau,1997,p377)

But downwardcausationis neithermysteriousnorsuperfluous.For example,supposewemea-

surethemeanmomentumof aparticulargasmoleculeoveraperiodof time,andthencompressthe

containerby 20%.Fromjust this informationwe canaccuratelypredictthatthemeanmomentum

of themoleculewill riseby aproportionateamount.This is anexampleof predictionusingdown-

wardscausationthat is botheasyandreliable. The reductionistwould claim thatwe couldhave

produceda similar predictiongivenenoughinformationaboutthe exact trajectoriesof the other

molecules.But this ignoresthe fact thatmoleculesarenot perfectlyelasticbilliard balls. If they

werethengaseswouldnever condense.Thedeterminedreductionistwouldalsoneedinformation

aboutthe exact structureof the electronicorbits of the moleculesin orderto predictthe results

of their interactions.In contrasttheanalysisthatusesdownwardscausationis easy, reliable,and

theoreticallysound.If oneignoresthekind of empiricalregularity on which it is basedthenone

hasmissedanimportantfactaboutthebehaviour of thesystem.In short,if oneis inclinedtowards

pragmatism— with asmall‘p’ — in science,thendownwardscausationis aspragmaticallyuseful

andtheoreticallyrespectableasany othersort.

Thesameargumentcanalsobecashedout in termsof counterfactuals(Lewis, 1986).Suppose

oneholdsthatC causesE if f E wouldnothavehappenedif C hadnot. In ourexamplethestochastic

8Conceptualdependencewill turnout to beimportantwhenconsideringtherelationshipbetweenmentalstatesand
theworld (section5.3),andbetweengenesandorganisms(9.3). But for mostof the restof this chapterI concentrate
on thestrictly causalrelationshipbetweenpartsandwholes.
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natureof thesystemensuresthat theeffect of compressingthegason theaveragemomentumof

theindividualmoleculewouldhavebeenthesamenomatterwhatparticularsequenceof collisions

occurred:thelowerlevel eventsareoverdeterminedby their immediatecauses.Thereforeit is the

higher, ratherthanlower, eventsthatshouldproperlybedescribedasthecausein thiscase.

Oneobjectionto thepossibilityof downwardcausationis that it seemsto imply causalover-

determination:if themomentumof amoleculeis causedby its own historyof collisionsthenhow

can it alsobe causedby the gasbeingcompressedin a cylinder? But the idea that theremust

beuniqueefficient causeof any event is anunnecessaryhangover from Aristotle. Any realphe-

nomenonis a densewebof causalprocesses.We canusefullypick out certainof theseprocesses

asbeingmoreimportantfor statisticalor discursive reasons,but this doesnot requirethat those

propertiesberegardedastheunique causeof anevent.Of courseall instancesof downwardscau-

sationwill bemediatedby local, lower, mechanisms.But oncewe abandonAristotle’s insistence

onauniqueefficientcause,thenthereneedbenocontradictionbetweenregardingbothhigherand

lowereventsaspropercauses.

However thereis onenotionof causethat doesnecessarilyexcludethe possibility of down-

wardscausation.This is to demandthatobservedcorrelationsareonly causalif they areinstances

of a coveringlaw. So,for example,compressingthecylinder mayeffect themotionof particular

molecules,but the laws governingtheir motionwill remainthe same.Accordingto this view it

is the frequency andorderof micro-eventswhich arethe target of downwardscausation,rather

thanthelaws thatgovernthem(Schr̈oder, 1998).Thisversionof anti-reductionismconcedesthat

objectsmaybeaffectedby their environment,but theway they areaffectedis a fixedandintrin-

sic propertyof theobject. For example,moving the pistonof a compressedgaswill changethe

motionof theconstituentmolecules,but the laws thatgovern their collisionsremainunaffected.

Accordingto this analysisdownwardscausationcanalwaysbe eliminated— at leastin princi-

ple — in favour of a causalstorywritten in exclusively lower-level terms.Thecausallyeffective

higherlevel propertyis just a shorthanddescriptionof a stateproperlydefinedat a lower level.

Thuswe canre-writetheclaim that‘the movementof thepistonaffecteda molecule’in termsof

thecollision of individualparticles.But aswe saw above,gasmoleculesdo not alwaysobey the

laws of elasticcollisions. If we cool the containerthenthe moleculesstopreboundingandstart

to stick. Thereforechangesin theenvironmentof a partdo not just affect thepart. They canalso

changetheway thepartis affectedby its environment.

Therearetwo waysof dealingwith suchexamples.Thereductionistreactionis thatif a prop-

erty turnsout to be dependenton the context then it shouldbe eliminatedin favour of oneat a

lower level. So if moleculesaregoingto stopreboundingandstartstickingthenperhapsthegas

shouldbe understoodat the lower, and presumablysurer, level of atomsandelectronicorbits.

Thereductionistaxiomthatobjectsandtheir propertiesarein a strongsenseindependentof their

environmentis built into their definition of a ‘real object’ and‘real property’. Reductionismis

an a priori assumptionabouthow theworld is: if propertiesandentitiesaredependenton their

environmentthentheir reality is questioned;they aresecond-rateentities,justapproximationsthat

we find convenient.But it is highly doubtfulthat thereductioniststrategy wouldever yield prop-

ertiesthatsatisfytheir criteria. Thereductionistendsup in free fall, tumblingthroughthe levels

of description,looking for onethat fits the idealof a billiard ball universe.Until the revolution
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of quantummechanicsthereseemedto bea bottomlevel safetynet,but now eventhathasdisap-

peared.However thephilosophicalproblemsaroundquantummechanicsareeventuallyresolved

— whetherby theuseof actionat a distance,or theroleof theconsciousobserver in thecollapse

of thewave-function,or someotherequallyexotic solution— it seemsmorethanlikely thatit will

involve someform of radicalenvironmental-dependenceof propertiesandfail to fit theclassical

reductionistpicture.Quarks,for example,arecurrentlyassumedto betheultimatecomponentsof

nature,andyet they cannotevenexist outsideof theprotonsandneutronsthey form. Thereduc-

tionistcriterionof objecthoodis thatanobjectdoesnot requireanythingelsein orderto exist, but

quarksdo not meetthis criterion. Thepersistentreductionistis in dangerof beingunableto find

anything to reducehigherlevel descriptionsto9.

The alternative strategy, the anti-reductive strategy, is to acceptthat propertiesareheld by

objects-in-environments,not objects-in-themselves.Therearenosuchthingastruly intrinsic (i.e.

environment-independent)propertiessincenothingever exists in isolation. The situationsthat

scienceusuallydescribesas‘isolated’ — suchasa vacuumwith flat electromagneticandgravi-

tationalfields,or a laboratoryarena,or a testtubeor Petri dish— arethemselvesenvironments

asmuchasoccupiedspace,naturalenvironments,or living organismsare;they arejust different

kinds of environment. (Similar considerationsforce us to concludethatonedoesnot find one’s

‘true’ self in aBuddhistretreat,justadifferentone.)WhenwesaythatanobjectweighsX , or has

a massof Y , or that it hasthecolourZ — i.e. whenever we predicatea propertyof anobject—

we actuallymeanthat theobjecton earth weighsX , or hasa massof Y in our inertial frame of

reference, or hascolourZ at room temperature. If weput theobjectonthemoon,or in arocket,or

in akiln, thenits propertieswill changeaccordingly. Objectsonly ever exist in environments,and

theenvironmentcanaffect eventheseeminglymostfundamentalandintrinsic of properties.An

objectmaybemadeof gold,but put it in aqua regia andit soondissolves;thereforeits continued

existenceasa goldobjectis dependenton its environmentnot beingaqua regia.

Scienceproceedsby trying to find objectsandpropertiesthatare‘robust’ — i.e. thatarecon-

stantacrossenvironments— andit is oftensuccessful.But wecandraw two differentconclusions

from thissuccess.Thefirst is thatthosepropertiesareessentialandintrinsicto theobject,andheld

independentlyof theenvironment.Or we canconcludethat thosepropertiesareheldin, anddue

to, thatrangeof environments.Althoughthetwo positionsaccountfor any givensetof empirical

evidenceequallywell, theformerpositionis far strongerin thatit implies(or, rather, assumes)that

thesamepropertieswill beheld in other, future,environments.Scienceis built on extrapolating

from observedcasesto unobservedsituations.We assumethatthephysicalconstantsmeasuredin

theacceleratorarethesameoutsideour light cone,thatthebiochemistryof thePetridishproceeds

in thesameway in theliving cell, or that thepsychologicalbehaviour exhibitedin thelaboratory

would happenin everydaylife. Sometimesthis is true but, asFeynmanpointsout, in eachcase

this is anassumptionandshouldbeacknowledgedassuch:

Of coursethis meansthatscienceis uncertain;the momentthatyou makea propo-
sition abouta region of experiencethatyou have not directly seenthenyou mustbe
uncertain.But we mustmakestatementsabouttheregionsthatwe have not seen,or
thewholebusinessis no use. . .We have to makeguessesin orderto give any utility

9B.C.Smith(1996,ch5)alsoarguesthatmodernfield-theoreticphysicsdoesnotsupplyuswith ready-madeobjects
in thewaythereductionistfondly imaginesit does.
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atall to science.In orderto avoid simplydescribingexperimentsthathavebeendone,
we have to proposelaws beyond their observedrange.Thereis nothingwrongwith
that,despitethefact thatit makesscienceuncertain.If you thoughtthatsciencewas
certain— well, thatis justanerroronyourpart. (1965,p76)

Or, asHumeput it 200yearsbefore,

Evenafter theobservationof thefrequentconjunctionof objects,we have no reason
to draw any inferenceconcerningany objectbeyondthoseof which we have hadex-
perience.(A Treatise of Human Nature II.3.12)

Thesearesimpletruths,but they areonesthat the reductionistseemsunwilling to acknowl-

edge.

2.4 Conclusion

Thedebatebetweenreductionismandanti-reductionismis a debateover whatkindsof questions

oneshouldaskin orderto understandhow physicalsystemswork, andthekindsof answersone

shouldexpect.Now thereductionistcertainlyasksvalid questions,andtheir answersarecertainly

true anduseful. But we shouldnot infer from this successthat their answersarecomplete. In

particularthey ignoretheway in which objectsaredependenton their surroundings,andnot just

their insides.Thissimpleintuition will turn out to have importantconsequences,especiallywhen

theobjectsunderconsiderationincludeintelligentagents.



Chapter 3

Naturalisation

FromManor Angel thegreatArchitect
Did wiseto conceal,andnotdivulge
His secretsto bescann’d by themwhoought
Ratheradmire. . .
Solicit not thy thoughtswith mattershid,
Leave themto God,Him serve andfear.
— Milton, Paradise Lost

‘What is internal is hiddenfrom us.’ — Thefuture is hiddenfrom us. But doesthe
astronomerthink like thiswhenhecalculatesaneclipseof thesun?
— Wittgenstein,Philosophical Investigations

In 1609JohannesKeplerpublishedabook,Astronomia Nova (TheNew Astronomy),in which

heproposedtwo laws thatdescribedthemotionof theplanetsin termsof ellipsesfocussedon the

sun.This is rightly seenasoneof thegreatdefiningachievementsof science,indeedasoneof the

greatachievementsof humanity. Why? What is it aboutKepler’s discovery that epitomisesour

‘idea of thegood’ in science?

Kepler’s geniuslay in combiningan old but controversial ideawith a new, even morecon-

troversial,ideaof his own. The old ideawasthat the planetswent roundthesun. This hadfirst

beenproposedby Aristarchusof Alexandria,but unfortunatelyhe alsoassumedthat the motion

of the planetsmustbecircular— andHipparchuslater showedthat this combinationdid not fit

astronomicalobservations. HipparchusdroppedAristarchus’heliocentricitybut retainedthe as-

sumptionof circularity (sincethis wasobviously the most‘natural’ typeof path),andfrom this

Ptolemydevelopeda terracentricastronomybasedon epicycles. If enoughcircleswerestacked

uponeachotherthentheterracentricastronomycouldbesalvaged.It wasmessy— 77 epicycles

wereeventuallyneeded— but it worked. In 1543Copernicusshowedthat theepicyclic system

could be greatlysimplified if Aristarchus’proposalof heliocentricitywasresurrected.The 77

epicyclescould be reducedto 31, andeven greateraccuracy could be achieved by shifting the

sunslightly off-center. In mathematicaltermsKepler’s greatachievementwasto show that the

heliocentricsystemcouldbesimplifiedstill furtherby replacingtheepicycleswith ellipses,with

the sunat onefocusratherthanat the geometriccenter. All the known astronomicaldatacould
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thenbeaccountedfor usingjust three1 simplelaws.

But thiswasnot, in itself, enoughto secureKepler’splacein posterity. Thehistoryof science

is usuallywritten as ‘Whig’ history — i.e. from the point of view of the winnersof scientific

disputes— andit issometimesforgottenhow Kepler’stheorywasderidedatthetime. Itsempirical

accuracy wasdisputedby nolessapersonagethanFrancisBacon,fatherof empiricalscience.The

brilliant Cardanrefutedits mathematicalbasis.KeplerandCopernicuswerelambastedby Martin

Luther, Calvin,Montaigne,andMilton, andsatirisedby BenJonsonandShakespeare.TheRoman

InquisitionpersecutedGalilleofor evensuggestingthattheir ideasmayhavesomemerit.

It wasNewton,workingin EnglandbeyondRome’sgrasp,whosavedKepler. In 1687Newton

publishedthePrincipia, whichshowedhow theelliptical motionof theplanetscouldbeexplained

by theforceof thesun’sgravity. Keplerhadalwaysintuitedthattheremustbesomeheliocentric

forcethatkepttheplanetsin their elliptical orbits(Stephenson,1997),andNewton demonstrated

that this force wasthe sameasthat which could be directly observed actingon appleshereon

earth. But the story did not endthere. Accordingto Kepler’s theory the axesof the planetary

orbitsarefixed.But in the18thCenturyit becameclearthattheperihelionof Mercurywasslowly

advancing.Leverriershowedthatpartof this shift couldbeexplainedby thegravitationaleffects

of otherplanets,but a significantpart remaineda mystery. At the startof this centuryEinstein

rewrote the Newtonian Book, and in doing so explainedthe discrepanciesin Mercury’s orbit.

But noticethis. PtolemyandCopernicus’contributionsto physicswereeffectively deletedwhen

Kepleraddedhis new chapterto the Book of Physics. The theoryof epicycles is now only of

historicalinterest.But whenEinsteinaddeda chapter, Keplerdid not join Ptolemyin thedustbin

of scientifichistory. His theoryremainsa vital brick in our understandingof thephysicalworld.

It is still, in a sense,True — despiteEinstein. What qualitiesdoesKepler’s theoryhave that

have madeit so robust? Why doesit seeminsulatedagainstpossiblerefutation?Why is Kepler

seeminglyimmortal? In this chapterI try to outlinethe senseof scientifictruth thatKepler’s —

andothersimilarly immortaltheories— embody.

3.1 Descriptions and Biases

Scienceproceedsby collectingempiricaldataandthentrying to find patternsin it. Thepatternis a

wayof describing,of makingsenseof, thedata;andthesedescriptionsarethebasisof ourtheories.

Of coursetheexperimentalscientistusuallyhasanintuitionof whatpatternsthey aretrying tofind,

andfor themthekey problemis creatinganexperimentin which thepatternsshow up in thedata.

Nonethelessthey still have to makethat crucial stepfrom datato pattern. The problemis that

every setof datacontainsa myriaddifferentpatterns.The samedatacanbedescribedin many

differentways.TychoBrahe’s astronomicaldatacouldbedescribedin termsof Kepler’s ellipses

or Copernicus’epicycles,sohow shouldwe choosebetweenthevariouspossibletheories?(I use

the termsdescription andtheory interchangeably, sinceevery particulardescriptionfalls undera

generaltheory, andour theoryinforms our choiceof description.)Rorty describesthis process

of choosinga way of describingempiricaldataas‘adoptinganattitude’,Dennettdescribesit as

‘adoptingastance’,andin thefield of machinelearningit is known asa‘bias’. I will usethelatter

termbecauseI wantto avoid thesomeof theassociationsthatDennettandRortyhavedrawn from

1Thethird wasaddedtenyearsafterAstronomia Nova in Marmonices Mundi (Harmony of theWorld).
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theirs,thoughtheintentis roughlythesame.

Whatkindsof descriptivebiasesarethere?In theeverydaypracticeof bothscientistsandlay

personsthemaindescriptive biasis social: we describephenomenain certainwaysbecausethat

is how we have beenbroughtup andtrainedto do so. But how do we know that this is thebest

way? Surelywe needsomecriterion for evaluatingour currentpractice?On theotherhand,the

naive realistarguesthat our biasshouldbe for the truth, that we shoulddescribethingsasthey

really are; but how do we know what the truth is? The poet’s biasis to describephenomenain

theway thatbestcommunicateshersubjectiveexperienceto others,but thepurposeof thepoetis

differentto thatof a scientist.(Melville, for example,devotesanentirechapterof Moby Dick to

explainingwhy Ahab’swhalewasbestdescribedaswhite,eventhoughanaturalistmayinsistthat

it was‘really’ adirty grey.)

OckhamandMach, in their own ways,arguedthat the besttheory is the simplest,all other

thingsbeingequal.However this is ana priori bias:of courseit is niceif thingsturn out simple,

but it hardlyseemsjustifiedto imposeour tastesonnature.Moreover, wecanalwaysincreasethe

simplicity of a descriptionby reducingits accuracy anddisregardingsomeof the dataasnoise.

Simplicity andaccuracy thereforeformtwoconflictingbiasesandweneedsomewayof arbitrating

betweenthemin orderto separatenoisefrom the‘real’ data.Rutherford,for example,discovered

the atomic nucleusby bombardinggold foil with α-particles. Most weredeflectedslightly as

they passedthroughtheelectroniccloudof a gold atomin the foil, but a very few reboundedas

they hit the tiny nucleii directly — like ‘cannon-ballsbouncingoff a sheetof tissuepaper’. The

simplest,andoverwhelminglyaccurate,descriptionof this datawould have beento disregardthe

reboundsasnoiseandjust accountfor thepartialdeflectionsusinga modelof continuouscharge

distribution.ThereforeRutherfordhadto usebiasesother thansimplicity to justify hisdescription

of thephenomenon.Thesimplesttheorymaybe thebest,all otherthingsbeingequal;but what

otherthings?

Themostpopularbiasin thephilosophyof scienceis thatthebesttheoryis theonethatyields

the most accuratepredictions. (It is also the bias that most philosophically-minded scientists

would claimthat they adhereto.) Now it is certainlytruethatoneof thepurposesof scienceis to

predictthefuture2. But thereis somethingdistinctlyoddaboutthisstance:why shouldfactsabout

the presentdependon the future? The thing we aretrying to describehasalreadyoccurredand

now persistsin our recordedobservations,andyet thepredictivist claimsthattheway it shouldbe

describeddependson futureevents.Thisonly makessenseto theextentthatweassumethatthere

is a fundamentalconstancy — a lawful regularity — in thepatternthatwearedescribingthathas

existedup to now andwill persistinto the future. Not somuch‘que sera sera’ as‘whatever has

been will be’. If this is thecasethenthosefutureeventswill shedfurtherlight onthenatureof the

patternalreadyobserved,andthefailureof adescriptionto predictthefutureis agoodsignthatit

hasfailed to capturesomethingaboutthepresent.

(Thisproblemof future-dependency is not justphilosophical,but alsomethodological.Empir-

ical scientists,suchasmeteorologistsor geologists,whocreatemathematicalmodelsof complex

systemsfacethe practicalproblemof how to choosebetweencompetingmodels.For suchsci-

entiststhe philosophicalprinciple that the bestdescriptionis the most predictive is not much

2Thesocialoriginsof thebiasof predictionwill bediscussedin 11.2.
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methodologicalhelp: they mustchoosenow, on the basisof the availabledata,which modelto

accept.Productivenessmaybea goodway to judgedescriptionsretrospectively, but is not much

helpin forming them,asOreskesnotes(1994).)

Thepredictivist could respondto theproblemof future-dependency by arguing 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-dependenceof the descriptionis only epistemologicalratherthan

metaphysical.But the futurebehaviour of thesystem— andhencethecorrectdescription— is

notnecessarilyfixedby thedatathatwearetrying to describe.Thereasonfor thiswasfirst pointed

out by Babbage(1864): for any givensystemandobservedbehaviour we canconstructanother

systemthatdisplaysthesamebehaviouruptoagiventime,t, butsubsequentlydiverges.Therefore

eventhoughthebehavioursof the two systemsup to time t areidentical,thecorrectdescriptions

of themarenot. Thecorrectdescriptionof a systemis not determinedby thebehaviour we have

observedup till now.

For example,supposewe observe two pool-players.Thefirst is not very goodandgetseasily

beaten.Thesecondappears to benotverygoodbut sheis in factahustler, andassoonasshehas

persuadedanopponentto putsomemoney downthensheraiseshergame.Until thereis money on

thetablethebehaviour of thetwo playersappearsto beidentical,but thecorrectdescriptionis not:

oneis playingpoolbadly, andtheotheris losingonpurpose.But if wecannotseethefuture,then

how canwe choosebetweenthetwo descriptions?If thecorrectdescriptionof thebehaviour of a

systemis notdeterminedby its observedbehaviour thenwhatelsecouldit dependon?In therestof

thischapterI discusswhatthatelsecouldbe— i.e. whatbiaswecoulduseotherthanpredictivity

— anddraw out someimplicationsfor our understandingof scientificexplanations.However in

this chapterI will not givea reasonfor preferringthisalternativebiasto thatof predictivity. That

will have to wait to theendof thethesis.

3.2 Naturalisation

Thealternativebiasto predictivity is this: in orderto describethebehaviour of asystemwecannot

just rely ontheobserveddata,wealsohaveto look inside thesystemandunderstandhow it works.

Considerthis toy example,introducedby Sober(1982):

Imaginea machinethat sortsout wire shapes.It is madeup of two components.The first

operatesasfollows: whengivena pieceof wire asinput it will outputthewire if andonly if the

wire is aclosedfigurewith straightsides.Thesecondtakesany numberof straightpiecesof wire

andoutputsthemif andonly if they havethreeangles;thusit will allow throughanopenfour sided

figure,but not a closedone.Thereforeonly triangleswill passall theway through.Thequestion

is, how shouldwe describethe behaviour of the machine?Doesit detecttrilaterals or doesit

detecttriangles? Now at first glanceit seemslike the two descriptionsareexactly equivalent.

After all, all trianglesarealso trilaterals. Thereforeif the machineis detectingtrianglesthen,

logically speaking,it is therebyalsodetectingtrilaterals.And thetwo descriptionswill beequally

predictive: if you show mea shapethenI will beableto predictwhetherit will passthroughthe

machineusingeitherdescription.Howeveronceweunderstandhow themachineworkswecansee

thatit wasthenumberof anglesin theclosedfigurethatmattered,not thenumberof sides.What
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themachinedoes — asopposedto whatits behaviour is — is to detecttriangles,nottrilaterals.So

oncewe understandhow a systemworks— i.e. themechanismunderlyingits behaviour — then

we canusethis informationto choosebetweentwo equallyaccurate,andpredictive,descriptions.

Let us call this bias ‘naturalisation’. Whenwe understandhow somethingworks we make

its behaviour non-mysterious,we makeit seemnatural, the behaviour becomesof its nature. It

becomesclearwhy thingsof thattypebehave in thatway. It wasthisprocessof naturalisationthat

saved Kepler. If you areonly interestedin empiricalaccuracy or predictionthen,givenenough

epicycles,theCopernican(or evenPtolemaic)descriptionof thesolarsystemcanbemadejustas

accurateandpredictiveasonebasedonellipses.(IndeedtheMayanswereableto predicteclipses

andthepositionsof themoonandVenusveryaccuratelyjustusingarithmeticandwithoutinvoking

thenotionsof ‘orbit’ or ‘planet’ at all.) But Newton showedthatonly elliptical motioncouldbe

explained by a heliocentricgravitationalforce.

Darwin’s theoryof naturalselectionis anotherparadigmcaseof the importanceof natural-

isation. Darwin wasnot the first to proposethat speciesevolved. But until thenevolution was

regardedin Englandlargely asthe ideologyof non-conformists,socialists,andcontinentals(and

at the time it washardto decidewhich wasworse). Nor wasDarwin the first to argue that or-

ganismsareadaptedto their environment;but until then the only possibleexplanationfor this

hadbeenGod.Darwin’sachievementwasto demonstratethemechanismunderlyingevolution—

descentwith modification— which proved that it wasin the natureof speciesto incrementally

evolve andadapt,ratherthanbefixed,perfect,types.Moreover Darwin’s theory— like Kepler’s

— wasinitially treatedwith scepticism.MendelsavedDarwin— justasNewtonsavedKepler—

by uncoveringthemechanismunderlyingdescentwith modification.3

(OnceDarwinhaddemonstratedhow speciesbecomeadaptedto theirenvironment,thenanew

kind of explanation— andanew wayof describingtheworld— becamescientificallyrespectable.

This newly-respectablewaywasfunctional explanation, i.e. explainingthebehaviour of a system

by theway it fits into a largerwhole,ratherthanits underlyingmechanism.This is anexampleof

explanationfrom above, ratherthanbelow. But, aswe shallseein chapters7 and10, thevalidity

of functionalexplanationrestson a Darwinianexplanationof themechanismthroughwhich the

largersystemevolves.)

All thegreatrevolutionsin sciencehave involvedrealisingthatentitiesandbehaviourswhich

werepreviouslythoughtto befixedand‘God-given’werein factinconstant:species,planetaryor-

bits, inertial mass,gravitationalmass,space-time,atomicnucleii,continents,aristocracies.How-

ever theserevolutionsdid not replacean assumptionof constancy with oneof randomchange,

but with a morepreciousability to explain thosechangesthroughanunderstandingof theforces

underlyingthepatternsthatwerepreviously thoughtto beconstant.Theserevolutionswenthand

in handwith — sometimesprecedingandsometimesfollowing — new waysof describingthe

patternsobservedin nature:naturalselectionrewrote taxonomy, planetaryepicyclesgave way to

ellipses,energy andmasswereequated,elementswereorderedin theperiodictableandfurther

subdividedinto isotopes,theold mapsof landmasseswererippedup in favour of onesbasedon

tectonicplates,andDivine Right andthe ThreeEstatesgave way to the Rightsof Man andthe

SocialContract.
3Thiswill bediscussedfurtherin chapter8.



Chapter 3. Naturalisation 23

The history of scienceis not just a steadyaccumulationof empiricaldatafitted with more

andmoreaccuratecurves. It alsoinvolvestransformationsof our understandingof whatwe have

alreadyobserved. Kuhn(1962)famouslydescribedthesetransformationsas‘paradigmshifts’ in

whichinconsistenciesbetweendataandtheoryreachacriticalpointandthewaybecomesclearfor

a new theoryto beaccepted.But theexamplesof transformationsmentionedabove canbebetter

understoodassuccessive naturalisations madepossibleby thediscovery of themechanismsun-

derlyingpreviouslyobservedphenomena.Thejob of thescientistis not to simplycollectdataand

thenfit a curve; but is ratherto usethatdataasa startingpoint for furtherinvestigationinto how

theobservedsystemworks: to turn theunobservedinto theobserved. Scienceis inherentlypro-

gressive,not just in thequantitative,extensive,senseof beingasteadyaggregationof accumulated

data,but alsoin thequalitative,intensive,senseof involving transformationsin ourunderstanding

of whatwe havealreadyobserved.Ourdescriptivebiasesshouldreflectthisprogressivenature.

3.3 Theoretical Terms, Dispositions, and Causal Explanation

What, exactly, doesnaturalisationinvolve? I do not believe that it is possibleto give a formal

definitionsince,apartfrom anythingelse,scientifictheoriesarerarelycompletelyformal. (Math-

ematicalphysicsis theexceptionratherthantherule in thisrespect.)Cussins,for example,argues

that theonly thing thatdefinesa successfulnaturalisation(or ‘unification’, in his terminology)is

that it makestheconnectionbetweentheobservedbehaviour andunderlyingmechanism‘intelli-

gible’ (1992b).However we canpin down thenotionof naturalisationmorepreciselyin theway

thatit treatstheoretical terms. Thesearetermsusedin our descriptionsof thebehaviour of a sys-

temthatdonotdependdirectlyonobservation,but areintroducedin orderto makesenseof those

observations.An elliptical orbit, for example,is a theoreticalterm.Weneverseeanellipsecarved

out in thesky. All thatwe observe directly arethepositionsof theplanetsat particulartimes,but

in orderto makesenseof thoseobservationsKeplerintroducedthenotionof anelliptical orbit that

theplanet‘follo ws’.

Reichenbachdistinguishedbetweentwo waysof regardingtheoreticalterms. Illata areenti-

tiesthatourobservationssuggestexist, whilst abstracta arelogicalconstructsfrom observational

terms:

Our observationsof concretethingsconfera certainprobabilityon the existenceof
illata — nothingmore. . . .Second,thereare inferencesto abstracta. Theseinfer-
encesare. . .equivalences,not probabilityinferences.Consequently, theexistenceof
abstractais reducibleto theexistenceof concreta.Thereis, therefore,no problemof
their objective existence;their statusdependson a convention. (Reichenbach,1938,
p211-12)

Now how you regardtheoreticaltermsdependson whatyou wantout of your theory. Quine

(1951),for example,requiresonly thattheoriesshouldbepredictiveandconcludesthattheterms

introducedby thosetheoriesareonly ‘real’ to theextentthatthey helpthosepredictions:

As an empiricist,I continueto think of the conceptualschemeof scienceasa tool,
ultimately, for predictingfutureexperiencein the light of pastexperience.Physical
objectsareconceptuallyimportedinto thesituationasconvenientintermediaries—
not by definitionin termsof experience,but simplyasirreduciblepositscomparable,
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epistemologically, to thegodsof Homer. Let me interjectthat for my part I do, qua
lay physicist,believe in physicalobjectsandnot in Homer’s gods;andI considerit
a scientificerror to believe otherwise. But in point of epistemologicalfooting the
physicalobjectsand the godsdiffer only in degreeandnot in kind. Both sortsof
entitiesenterour conceptiononly asculturalposits.Themyth of physicalobjectsis
epistemologicallysuperiorto mostin that it hasprovedmoreefficaciousthanother
mythsasadevice for workinga manageablestructureinto theflux of experience.

Hempelregardstheoriesin the sameway asQuine,andintroducedthe analogyof a theory

beinglike a net laid over thegroundof our empiricalexperience(1965). Thenet is tied down at

variousknots,ascertaintermsof our theoryaretied to observabledata;but the otherknotsare

not sofixed,connectedto thegroundonly via a networkof theoreticalconnections.In Hempel’s

picture thereis no way to choosebetweentwo possiblenets— andso two setsof theoretical

terms— as long as they can both be tied to the samefixed observable points. Van Fraassen

(1980)similarly insiststhatweshouldremainagnosticaboutthe‘real’ statusof theoreticalterms.

On theotherhandif you want to naturalise a theory, ratherthanjust useit to makepredictions,

thenyour attitudeto theoreticaltermschangesaccordingly. Naturalisationrequiresthatwe make

the observedbehaviour non-mysterious.And if the theorythatdescribesthatbehaviour invokes

theoreticalterms, then naturalisationrequiresthat we maketheir ability to play a role in that

theorynon-mysterious.Planets,for example,follow elliptical orbits. Why? Keplerhimself did

not have an answer. For Keplerelliptical orbits werejust the paththat planetsfollowed. They

wereabstracta.But Newtonsuppliedanexplanationof planetarymotionby proving thatelliptical

orbitsareminimain theenergy field of theplanet-sunsystem4. It takesanexternalforceto shift a

planetfrom thisorbit, soanundisturbedplanetwill follow it in thesamewaythatamarblefollows

a groove. Thuswe have anunderstandingof whatthetheoreticaltermrefersto independently of

thebehaviour that it is introducedto explain: elliptical orbitsaregroovesthatplanetsfollow, not

justpathsthatthey traceout. Newton turnedKepler’sabstractainto illata.

Naturalisationrequiresthat if we want to explain the behaviour of a system,S, by reference

to its possessinga propertylabelledwith thetheoreticaltermP, thenit must,at leastin theory, be

possibleto determinewhetheror notS possessesP independentlyof thebehaviour it wasinvoked

to explain. If we cannotindividuatethe theoreticalterm in this way then it is no morethanan

empirically useful convention, ratherthanpart of an explanatoryunderstandingof the system.

SometimeswecanobservePsdirectly, suchaswhenCrick andWatsondiscoveredthemechanism

underlyingMendel’sgeneticfactors.In othercases— suchasNewton’snaturalisationof Kepler

— we canonly observe the forcesout of which the theoreticalterm is constructed.No-onehas

seenanelliptical orbit, but we have all seentheeffect of gravity from which thoseorbitscanbe

calculated.But evenin thesecasesthestuff outof which thetheoreticaltermis constructedis not

thesamestuff thatwe areusingthat theoreticaltermto explain. Theelliptical orbit of a planetis

determinedby its initial stateandthesun’s gravity, not thesubsequentmotionthatwe areusing

thatorbit to explain.

The sameargumentappliesto Dennett’s exampleof a centerof gravity (1991). Newton ob-

servedbodiesactingundergravity andpostulatedapoint throughwhichtheforceacts.If wewant

4Actually Newton did not conceiveof orbitsin quitethis modernway, but Feynmanshowshow the two viewsare
equivalent(1964).
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to know why gravity actslike this it is not enoughto explain thatthecenterof gravity is thepoint

throughwhichgravity actsonarigid body. It is empty, atbest,to claimthatgravity actsthrougha

certainpoint because it is thecenterof gravity, unlesswe supplementthis with anexplanationof

how andwhy centersof gravity have thepropertiesthat they do. Theexplanationgoeslike this.

Newton’s theoryonly describesthe effect of gravity on point masses,but planetsare large and

complicated,madeup of many partsthatexert gravitational influenceon eachother. However if

weassumethatthebodyis rigid thenNewton’slaw of actionandreactionmeansthattheseinternal

forcescancelout, andthat the net forceon thewholewill act throughtheweightedmeanof the

positionsof theconstituentpoint masses.This alsoexplainswhy, whenthebodyis not perfectly

rigid, gravity doesnot actsolely throughthe centerof gravity (which is why we have two tides

a day, ratherthanjust one). We cannotobserve centersof gravity directly, but we canobserve

the forceof gravity actingon theparts of a largebody, suchaswhenwe usea swingpendulum

to measurethemassof a nearbymountain.Fromthis evidence,andNewton’s third law, we can

explain how gravity will acton thewhole.

Without anaturalisedtheoreticaltermwe don’t haveanexplanation,justa description.It was

on this point that thewrong,but empiricallysuccessful,theoriesthat litter thehistoryof science

tendedto comeunstuck.Thecalorictheorycouldaccountfor theflow of heat,but it wasmolecular

motionthatcouldbeobservedbuffeting RobertBrown’spollengrains.Epicyclesandcrystalline

spherescouldaccountfor theplanetaryorbits,but only ellipsescouldbeexplainedby a forcethat

could alsobe observed actingon apples. Paley’s God-designercould accountfor the origin of

species,but only Darwin’sdescentwith modificationcouldbeseenin thework of pigeonfanciers.

Maxwell’s equationcouldbeunderstoodin termsof aetherealvibrations,but only photonscould

producethe photoelectriceffect. Chi is a very usefultheoreticalterm in the handsof a Chinese

doctor, but cannotbeunifiedwith theview throughthemicroscope.

The problemof theoreticaltermsis closely relatedto the problemof dispositions. Carnap

(1953)pointedout that if the dispositionalpropertyof ‘being soluble’ is definedas‘dissolving

whenin water’ thenthe claim that ‘X dissolvedbecauseit wassoluble’ is tautologous5 But we

canavoid this tautologyif we regarda dispositionasa kind of theoreticaltermthatwe invokein

orderto explain theobservedbehaviour. And if dispositionsareatypeof theoreticaltermthenthe

obviousnext stepis to turn theminto illata; in otherswordsidentify apropertyof thesubstancein

virtue of which it displaysthatbehaviour. As Sober(1981,p149),followingQuine(1969),putsit:

We characteriseQuine’s positionthat no irreduciblymodalpropertiesarepermitted
in scienceby sayingthata propertytermwhich is definedcounterfactuallymustbe
renderedepistemologicallyaccessible.Although the predicatemay bemodally de-
finedin termsof whatwouldhappenin some(nonactual)possibleworld, it shouldbe
possibleto find out if theobjectsin theactualworld possessthatproperty.

For example,asubstancewill dissolvein waterif theVanderWaalsbondsbetweenits molecules

areweakerthanthebondsthatwould be formedbetweenthosemoleculesandH2O. This prop-

5Thisargumentoriginatesin Moliere’s pasticheof 18thCenturydoctorswhoexplainedthatopiuminduceddrowsi-
nessbecauseit possessed ‘dormative properties’.Thesamekind of doctorscanbefoundtoday. Think of thosewho,
for example,explain thata child is hyperactivebecausehehasAttentionDeficit Hyperactivity Disorder, whenADHD
itself is definedin termsof theexhibitedsymptoms.ADHD doesnotexplainhyperactivity, it just labelsit.
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erty is ‘epistemicallyaccessible’— we canfind out whethera substancepossessesthis property

without puttingit in water. Thereforethis is thepropertythatthedispositionof solubility refersto.

This argumentfor the naturalisationof theoreticaltermsanddispositionsstemfrom the in-

tuition that they shouldberegardedascausalpropertiesandentities.Elliptical orbits,centersof

gravity, solubility, anddescentthroughmodification,playacausalrole in thephenomenathatthey

wereintroducedto explain. If we do not requireour theoreticaltermsto play a causalrole, then

thereis no harmin leaving themasabstracta.Theproblemof causationis too deepto betackled

here6, thoughit is possibleto saythis: if wewantto claimthatanentityor propertyisacauseof an

effect then,at thevery least,it musthaveanidentity independentof thatwhichit hasbeeninvoked

to explain. To saythat ‘the causeof A causedA’ is empty, asDavidson(1980)putsit. If A is an

observedbehaviour, andthecauseswe arelooking for includetheoreticaltermsanddispositions,

thennaturalisationprovidesonewayof individuatingthecauseof A independentlyof A.

The possibility of naturalisationis what differentiatesphysicalobjectsfrom Homer’s gods.

They differ in kind andnot justdegree,asQuinewouldhaveit. Godsaretheoreticaltermsthatwe

introducetoexplaintheworld; likewisespiritsandsoulsandchi. Butwhatevidencedowehavefor

them,otherthanthatwhichweinvokethemto explain?Whataregods,or souls,madeof? Whyare

they ableto have thecausaleffectsthatwe attributeto them?How do they work? We cannotask

thesequestionsof gods,but they canbeasked,andanswered,of physicalobjects.In otherwords

physicalobjectscanbe naturalised. But not all of the theoreticalentitiesintroducedby science

live up to theserequirements.Explanationmustbottomout somewhereandsowhenit comesto

the bottomlevel of explanation,to the mostelementaryphysicalparticles,thennaturalisationis

not anoption.As elementaryparticlephysicistJamesCushingremarks(1982,p78)7,

Whenonelooksat thesuccessionof blatantlyad hoc movesmadein quantumfield
theory(negative-energy seaof electrons,discardingof infinite self-energiesandvac-
uumpolarisations,local gaugeinvariance,forcing renormalisationin gaugetheories,
spontaneoussymmetrybreaking,permanentlyconfinedquarks,colour, just asexam-
ples)andof the picturewhich emergesof the ‘vacuum’(aether?),asseethingwith
particle-antiparticlepairsof every descriptionandasresponsiblefor breakingsym-
metriesinitially present,onecanaskwhetheror not natureis seriously supposedto
belike that.

Onecanaskthe questionbut it cannotbeansweredunlesswe wereto discover independent

evidenceof anotherlayerof mechanismbelow thatof quantumfield theory. Until that time then

Quine’s remarkis correct:thedifferencebetweenHomer’sgodsandthevirtual particlesof mod-

ern physicsis oneof degree,not kind. But this is only true of the theoreticalconstructionsof

fundamentalparticlephysics,notphysicalobjectsin general.Weshouldapplydifferentepistemic

standardsto thehighersciencesthatthoseof thebottomlevel.

6Both Glennan(1996)andBhaskar(1978)proposeanalysesof causation,andits relationshipto mechanism,that
areconsistentwith thespecificcasesdiscussedhere.

7Quotedby Cartwright(1983,p7).
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3.4 Laws and Exceptions

Mercurydoesnot obey Kepler’s Laws to theletter, andNewton couldnot explain why. But Ein-

steincould. If Newton ensuredKepler’s placein the book of Physicsthenwhy didn’t Einstein

write Keplerout again?Einstein’sexplanationof anomalousMercurycertainlyundermined Ke-

pler, but it doesnot seemto have beenfatal in theway thatKepler’sunderminingof Ptolemyhad

been.Why not?Thereasonis this.

Naturalisationexplainsthebehaviour of a systemin termsof theunderlyingmechanism.The

logic of theexplanationis thus:if thesystemworkslike this, thenit will behave like that. There-

fore if themechanismchangesthenthebehaviour of thesystemwill change.But the conditional

underlying the explanation will still be valid — it is just the antecedentno longerapplies. For

example,Newtonshowedthattheplanetsobey Kepler’s laws if his lawsof gravity andmechanics

wereaccurate.The problemwith Mercury is that as it whips roundcloseto the sunthenrela-

tivistic effectsshrink its inertial frameof reference,andthe perihelionof its orbit shifts round.

Nonethelessit is still thecasethatif Newton’s lawsapply, thensowill Kepler’s.

If the only supportwe have for a law is its empiricalaccuracy (or its predictivity) thenany

counter-examplewill count as a ‘hit’ againstthe law. On the other handif that law hasbeen

naturalisedin anunderlyingmechanismthencounter-examplescanbeaccountedfor in termsof

changesin the mechanism.Of coursecounter-examplesmakelaws lessuseful, but thereis a

differencebetweenbeinglessusefulandbeingdisproved.Kepleris notasempiricallyaccurateas

Einsteinbut, givenNewton’snaturalisation,thenit is not disproved.This is why Keplerhasbeen

weakened,not deleted.

Consideranotherexample.Theperiodictableis themostfundamentalregularity in chemistry.

Mendelev andNewlandsdiscoveredthat the propertiesof the elementsshoweda periodicity of

seven, which enabledMendelev to makesomeof the moststartlingscientific predictionsever

made.He correctlyprophesiedthediscovery andpropertiesof two new elements— gallium and

germanium— to fill theobviousgapsin thetable,and predictedthattheacceptedatomicweights

of tellurium and gold would be found to be wrong becausetheir currentvaluesdisruptedthe

otherwisemonotonicorder8. At thispoint in historytheperiodicityof theelements— Newlands’

‘celestialoctaves’ — seemedlike oneof the mostpowerful universallaws ever discovered.But

thencamediscoveriesthatwerecompletelyunforeseen,andwhichdisruptedthepristineperiodic

order. First camethesprawling lanthanide’sandactinides(which areomittedfrom mostmodern

copiesof thetablein orderto makethepatternlookneater),thencameheliumandhydrogenwhich

formed a initial periodof length two. However the electronictheory later not only explained

Mendelev’s periodicity but alsoaccountedfor the exceptions.Mendelev’s statusis now similar

to Kepler’s: their immortality doesnot just reston the empiricalaccuracy of the patternsthey

discovered,but alsoon thewaythatthey weresubsequentlynaturalised.

Thephilosophicalproblemhereis thatof theepistemologicalstatusof laws. Thetraditional

view heldby mostmathematicalphysicists(with thenotableexceptionof Feynman)is that laws

arewritten,in mathematicallanguage,in the‘Book of Nature’or ‘Mind of God’. Thefirst problem

with thisview — a problemcommonto all Platonicanddualistschemes— is anontologicalone:

8Soproving Rutherford’s remarkthatthecorrecttheoryis unlikely to betheonethatfits all thefacts,sincesomeof
those‘facts’ areboundto beprovedwrong.
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what connectsthe ideal andthe actual;what miracleensuresthat the objectsin our world obey

thoseideal laws? The second,morepressing,problemis the epistemologicalone: how do we

know what thoselaws are? Of courseempiricalevidencecansuggest the existenceof laws but

Popper, following Hume,arguedthat no amountof confirminginstancesareenoughto prove a

law, even thoughcounter-examplescandisprove them. Accordingto Popperwe cannever have

knowledgeof thelaws of nature,all we have arehypothesesthathave not beenfalsifiedyet. But

whatdoesit taketo falsify ahypothesis?HaveKepler’sandMendelev’shypothesesbeenfalsified?

No: counter-examplesdo not necessarilydisprove laws. If we canexplain the behaviour of the

systemthroughnaturalisationthenwemaybeableto accountfor thosecounter-examplesasbeing

dueto changesin theworkingof theunderlyingmechanism.Exceptionscanprove rules.

The traditionalview of laws went handin handwith the biasof predictivity: if the correct

descriptionof a behaviour is the onethat is mostpredictive thenthe mostsignificant,or ‘real’,

regularitieswill bethosethatareinstancesof universallaws. However, mostlaws in thescientific

canon,suchasthe Boyle’s or Kepler’s, arenot 100%accurateor predictive. The usualstrategy

for dealingwith thesecasesis a mild form of Platonism,in which theselaws aresaid to only

apply in an ‘ideal’ world. Thusalthougha law, L, may not be universallytrue, it could still be

universallytruethatL holdsunder‘ideal’ conditions.So,for example,thegaslawsarenever100%

accurateandsometimesfail completely, suchaswhenthe gasin a cylinder startsto condense.

Naturalisationcaneasilyaccommodatethesecounter-examples,but themoretraditionalstrategy

is to argue that theselaws only apply to an ideal gas,not real ones(see,for example,Kripke

(1982)).Theproblemthenis to makesenseof theconnectionbetweeneventsin idealworldsand

eventsin ours. Fodor, for example,holdsthat it is only universallaws thatarereal,not the ideal

worldsto which they apply:

ontologically I’m inclinedto believe thatit’ sbedrockthattheworld containsproper-
tiesandtheir nomicrelations;i.e., thattruthsaboutnomicrelationsamongproperties
aredeeperthan— andhencearenot to be analysedin termsof — counterfactual
truthsaboutindividuals. In any event,epistemologically speaking,I’m quitecertain
thatit’ spossibleto know thatthereis anomicrelationamongpropertiesbut nothave
muchideawhichcounterfactualsaretruein virtueof thefactthattherelationholds.It
is therefore,methodologically speaking,probablya badideato requireof philosoph-
ical analysesthat arearticulatedin termsof nomic relationsamongpropertiesthat
they be,asonesaysin thetrade,“cashed”by analysesthatarearticulatedin termsof
counterfactualsamongindividuals.. . .

ApparentlyKripke assumesthatwe can’t have reasonto acceptthata generalisa-
tion definedfor idealisedconditionsis lawful unlesswecanspecifythecounterfactu-
alswhichwouldbetrueif theidealisedconditionswereto obtain.It is, however, hard
to seewhyoneshouldtakethismethodologyseriously. For example:Godonlyknows
whatwouldhappenif moleculesandcontainersactuallymettheconditionsspecified
by theidealgaslaws (moleculesareperfectlyelastic;containersareinfinitely imper-
meable;etc.); for all I know, if any of thesethingsweretrue,theworld would come
to an end. After all, the satisfactionof theseconditionsis, presumably, physically
impossible andwhoknowswhatwouldhappenin physicallyimpossibleworlds?

But it’ snot required,in orderthat the idealgaslaws shouldbein scientificgood
repute,that we shouldknow anything like all of what would happenif therereally
wereideal gases.All that’s requiredis that we know (e.g.) that if therewereideal
gases,then,ceteris paribus, theirvolumewouldvaryinverselywith thepressureupon
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them.And that counterfactualthe theory itself tells us is true. (Fodor, 1990,p93)

Fodor’scriticismof Kripke, thatwesimplydonotknow whatwouldhappenin idealworlds,is

correct.Many suchidealworldsareindeedphysicallyimpossible:if moleculescollidedelastically

thensolids,includingimpermeablegascontainers,couldnotform. It is like imaginingaworld that

containsanunstoppableobjectandanunmoveableobstacle.Thuswe cannotevenmakeproper

senseof Kripke’smodalcounterfactuals,let aloneusethemastheepistemologicalfoundationof

lawhood.However Fodor’salternative to Kripke is circular. Fodoraskswhatwe needto know in

orderfor thegaslaws to be“in scientificgoodrepute”. His criterion is that thegaslaws should

hold for idealgasesceteris paribus, andhis only justificationfor believing this is that the theory

is true;but a justificationfor believing this is whatwewerelooking for in thefirst place.Fodor is

‘quite certainthatit’ spossibleto know thatthereis anomicrelationamongpropertiesbut nothave

muchideawhichcounterfactualsaretruein virtueof thefact thattherelationholds’,but givesno

reasonfor hiscertainty.

But we canavoid themetaphysicalbaggageof modalcounterfactualsandidealworlds if we

understandthe gaslaws as naturalisedempirical regularities, ratherthan universallaws. This

only requiresthat the extent to which moleculesandcontainersapproximatethe ideal explains

the extent to which the gaslaws apply. After all, sayingthat x tendsto y in the limit doesnot

requirethatwe postulatean ‘ideal’ point at which x andy actuallymeet.Naturalisationaccounts

for the observedregularity, andalsotheexceptions,in a concrete,empiricalandmetaphysically

non-problematicway.

I am not inclined to believe that ‘it’ s bedrock’ that the world containspropertiesand their

nomicrelations;indeedit is hardto makesenseof theclaim thattheworld contains a law except

in aPlatonicsense.Theworld comprisesmatterwhosebehaviour exhibitscertainregularities,and

for this to be true we do not needto presupposeprior laws that that matter‘follo ws’ according

to its essentialnaturein somemiracleof cosmicobedience.Why doestheworld of fundamental

physicsbehave asit does?The misleadingansweris that it is due to Platonicideal laws. The

honestansweris thatwe do not know — but thebiasof naturalisationwarnsagainstturningthis

necessityinto avirtue. This limitation is apeculiarityof thebottomlevel of physicalexplanation,

andnot somethingthatphysicsenvy shouldtemptusto acceptin thehighersciences.

3.5 Prediction and Induction

Thepredictivepowerof Kepler’s theorywasnotenough,on its own, to save hisplacein thebook

of physics. Nonethelesspredictionis an essentialpart of our ‘idea of the good’ in scienceand

seemsto bein somewaylinkedto ourability to explainaphenomenon.Thebesttheoriesareboth

naturalisableand predictive.Sowhatis therelationshipbetweenthetwo?

The first thing to notice is that naturalisationis not equivalent to prediction. The laws of

Copernicusor the Mayansare(potentially)aspredictive asKepler’s, but only the latter canbe

naturalised.On theotherhandnaturalisationdoesnot alwaysyield accuratepredictions,for two

possiblereasons.The first possibility is thatalthoughthe workingsof the systemcanbeunder-

stood,they aretoo complex andsensitive for usto derive predictionsin practice.Meteorologists,

for example,cannotproduceaccuratelong-termweatherforecastseven thoughthereis nothing
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mysteriousaboutthe mechanismsthat drive changesin the atmosphere.The secondpossibility

is that the mechanismunderlyingthe behaviour of the systemwill itself change.For example,

we cannotpredicthappensto a gaswhenit condensesjust from knowledgeof the mechanisms

underlyingthegaslaws.

Naturalisationis not equivalentto prediction. But the biasof naturalisationdoes affect how

we usepastexperienceto makepredictions.Our experiencecanbe interpretedin many differ-

ent ways,anddifferent interpretationsmay generatedifferentpredictions. This ambiguity lies

behindboth Hempel’s andGoodman’s problemsof induction. Hempel’s problemconcernsthe

asymmetricalnatureof justificationandconfirmation(1965). Supposethatwe wereseekingev-

idencefor the inductive claim that“all ravensareblack” [
�

x � Rx � Bx � ], of which a blackraven

[Ra& Ba] is aninstance.Thisclaimis logically equivalentto “all non-blackthingsarenon-ravens”

[
�

x ��� Bx ��� Rx � ], which seemsto imply, counter-intuitively, that our original claim would be

supportedby finding a non-blacknon-raven [ � Ba& � Ra], suchasa blueparrot. But thebiasof

naturalisationimpliesthatour theoriesaboutthe colourof birdsshouldnot just bebasedon ob-

servedcorrelations,but alsoby understandingthe mechanismthat links colourandmembership

of a species.We canonly explain the observed connectionbetweenravenhoodandblackness,

for example,by understandingthedevelopmentalprocessesconnectingthewild-type genomeof

Corvus corax to featherpigmentproduction. This providesgoodgroundsfor believing that all

organismsthatcarrythosegeneswouldbeblack9. Conversely, explainingtheconnectionbetween

non-blackthingsandnon-ravensrequiresdemonstratinga mechanismbetweenbeingany colour

except black,andnot beinga living organismcarryingthatgenome.But theonly way to do this

wouldbeasalogicalconsequenceof havingdemonstratedthepreviousconnectionbetweenravens

andblackness,andblueparrotswouldbeirrelevantfor this task.

We can usethe samestrategy with Goodman’s problemof the projectibility of predicates

(1955). If we definethe propertygrue asbeinggreenbeforethe year2000andblue thereafter,

thenwe have preciselyasmuchevidencefor emeraldsbeinggrueasgreen:every instanceof an

emeraldbeinggreenin this millennium will alsobe an instanceof onebeinggrue10. But this

impliesthatwe shouldpredictthatall emeraldswill turn blueat midnighton the31stDecember

1999. The reasonwhy we describeemeraldsashaving a certainconstantcolour is becausewe

have someintuitionsaboutthemechanismsunderlyingour observations;in thiscaseit is that the

colourof emeraldsis dueto theway thattheir crystalstructuretransmitslight. Thereforeaslong

asthemechanismdoesnot changeover themillenniumthenneitherwill thecolourof thecrystal.

Comparethis confidencewith our attitudeto the millenniumcomputerbug. We maybeusedto

our personalcomputersworking happily, but becausewe have someknowledgeabouthow they

storeandprocessdates,andhow this mechanismwill beaffectedby the incrementfrom ‘99’ to

‘00’, thenwe intuit that,unlike emeralds,their behaviour maywell changewhenthemillennium

comes.

Naturalisationprovidesaguideasto whichpredictionsweshoulddraw from ourobservations,

but it alsogivesus cluesaboutwhich predictionswe shouldnot. If we know that an observed

regularity is coincidental,andnot dueto a similarity in the underlyingmechanism,thenwe are

lesslikely to lay betson it persisting. Chairs,for example,comein many differentmaterials,

9Thisexamplewill besignificantwhendiscussingtheheritabilityof biologicaltraitsin chapter8.
10Thissimplifiedversionof theoriginalproblemis dueto Gärdenfors(1990).
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shapes,andsizes.They needhave nothingin commonotherthantheirability to providea seat.It

maybethecasethatevery chairwe have saton weighedabout10lb, but this mayhave beenfor

a differentreasonin eachcase:onechairmaybeenmadeof wood,anotherof metal,andsoon.

Thereforewe know that thereis nothingin thenatureof chairsto makethemalwaysweigh10lb.

It is likely thatotherchairswecomeacrosswill besimilar to theoneswehaveseenbefore,but we

wouldnot beparticularlysurprisedto comeacrossaninflatablearmchairthatweighedonly a few

ouncesor a thronethatweigheda ton — it wouldnot causeusto rethinkwhatchairsare.On the

otherhandwewouldbepuzzledto comeacrossachairthatwasnotsuitablefor sittingon. Would

it really bea chair?But thereasonwhy we predictthatall chairscanbesaton is dueto how we

definewhatachairis, andnot from inductionsaboutchairsthatwe haveencountered.

Naturalisationalsoprovidesa way of accountingfor predictionsthatdo not succeed,just as

it couldprovide a way of accountingfor exceptionsto laws. The Victorians,for example,were

surprisedto discover swansin Australiathat wereblack, ratherthanwhite — just aswe would

besurprisedto discover analbino raven. But doesthis meanthat theVictorianswerefoolish to

predictthat all swanswerewhite? No, becausethe black swansbelongedto a new sub-species

which,like thealbinoraven,hadaslightly differentgeneticmake-upto thosepreviouslyobserved.

Thereforethedevelopmentalmechanismonwhich they basedtheir predictionshadchanged.The

predictionwasjustasvalid asbefore,it is just thescopeof its applicationthathadto berevised.

I agreewith Goodmanthat ‘the problemis not to guaranteethat inductionwill succeedin

the future— we have no suchguarantee— but to characterisewhat inductionis in a way that is

neithertoo permissive nor too vague’11. Naturalisationdoesnot guaranteethata predictionwill

succeed,but it doesexplainhow wemayproducepredictionsonthebasisof pastexperience.The

importantpoint is thatconfidentpredictionsarenot just basedon theaccumulationof empirical

evidencebut onknowledge,or intuitions,aboutthemechanismunderlyingthatevidence.

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

behaveslike that,and(2) alsoexplainswhy sometimesit doesnot. It is an ideaof thegoodthat

KeplerandDarwinandMendelev andMendellivedup to, but Ptolemydid not.

Now whenwe talk aboutthe‘great’ theoriesof sciencewe usuallythink of therevolutionsin

fundamentalphysics,of Newton andEinsteinandQuantumMechanics.But becausethey were

concernedwith thebottomlevel of naturethennaturalisationis not anoption for thesetheories,

andsodifferentcriteriaof goodnessapply. Unfortunatelyphysicsenvy hasmeantthat the latter

ideal is heldupasthestandardthattherestof scienceshouldaspireto. This is a mistake,andwe

shallseesomeof theimplicationsof thismistakein therestof this thesis.

11FromPutnam’s foreword to thefourtheditionof Fact, Fiction and Forecast.


